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Summary 

Tne equipment proposed i n  t h i s  r e p o r t  i s  des igna ted  i n  t o t o  a s  a Hyper- 

pure  Germanium ( H P G e )  Array Photon Detector .  B a s i c a l l y ,  i t  i s  composed o f  a 

s e r i e s  o f  germanium diodes pos i t i oned  i n  a geometry which approximates a 

planar s u r f a c e  s c i n t i l l a t i o n  d e t e c t o r  t o  be placed over t h e  body a r e a  which 

w i l l  be measured f o r  r a d i o a c t i v e  contaminat ion.  Most o f t e n ,  t h i s  s t r u c t u r e  i s  

t h e  lung ;  however, t h e  major i n t e r e s t  a t  our I n s t i t u t e  encompasses t h e  bone 

s t ructures  o f  t h e  s k u l l  and p a t e l l a  a r e a  a s  w e l l .  The ou tpu t  of t h e  germanium 

d e t e c t o r s  i s  routed through a p p r o p r i a t e  summing a m p l i f i e r  no i se  d i s c r i m i n a t i o n  

systems i n t o  a computer-based mult ichannel  a n a l y z e r .  The equipment has a l l  o f  

t h e  advantages of germanium d e t e c t i o n  systems,  i . e . ,  low background and high 

r e s o l u t i o n ,  and when s e v e r a l  d e t e c t o r s  a r e  p o s i t i o n e d  i n  an a r r a y ,  can approx- 

imate t h e  e f f i c i e n c y  normally obtained by  l a r g e r  sodium iodide/cesium i o d i d e  

d e t e c t o r s ,  i . e . ,  t h e  Phoswich. 

I t  has  been est imated t h a t  t h e  a c q u i s i t i o n  of t h i s  d e t e c t o r  system b y  t h e  

I n s t i t u t e  o f  Environmental Medicine a t  New York Unive r s i ty  Medical Center w i l l  

provide s t a t e -o f - the -a r t  technology and allow u s  t o  e s t i m a t e  i n t e r n a l  body 

b u r d e n s  h e r e t o f o r e  unde tec t ab le  by  Phoswich sys t ems .  We a l s o  a n t i c i p a t e  t h a t  

it w i l l  be p o s s i b l e  t o  a c c u r a t e l y  e v a l u a t e  t h i s  new technology i n  terms o f  

figure-of-merit  comparison with t h e  Phoswich d e t e c t o r  and general  parameters  

o f  accuracy and p r e c i s i o n .  T h i s  survey w i l l  e n a b l e  t h e  i n i t i a t i o n  of a m u l t i -  

t u d e  of new re sea rch  avenues which could no t  have previously been explored.  

Since r e s e a r c h e r s  a t  t h e  I n s t i t u t e  o f  Environmental Medicine have t h e  f a c i l i -  

t i e s  necessa ry  t o  i n v e s t i g a t e  t h e  germanium a r r a y  system i n  d e t a i l ,  i t  w i l l  be 

p o s s i b l e  t o  exp lo re  and opt imize t h i s  new technology f o r  use i n  c a s e s  of rou- 

t i n e  i n t e r n a l  contamination s u r v e i l l a n c e .  Furthermore,  we w i l l  be a b l e  t o  



explore  a v a r i e t y  o f  new a p p l i c a t i o n s  of  t h i s  system s i n c e  i t  ho lds  p r m i s e  

for  increased d e t e c t i o n  e f f i c i e n c y  a n d  a f u r t h e r  dec rease  i n  our  d e t e c t i o n  

limits. 

Some of t h e  i n i t i a l  r e sea rch  experimentat ion which we a n t i c i p a t e  perform- 

ing w i t h  t h i s  new equipment inc ludes  t h e  development o f  Poisson background 

est imat ion t echn iques  us ing  a t  l e a s t  50 human background s u b j e c t s  and t h e  

evaluat ion of t h e  degree o f  i n t e r f e r e n c e  observed b y  t h e  new germanium systems 

due t o  multi-organ d i s t r i b u t i o n  of s p e c i f i c  a c t i n i d e  elements .  F i n a l l y ,  we 

w i l l  d e r i v e  s t a t i s t i c a l  methods and equa t ions  f o r  t h e  propagat ion of e r r o r  t o  

be used  f o r  a r e a l i s t i c  de t e rmina t ion  of t h e  lower limits o f  d e t e c t i o n .  We 

u i l l  t h e n  p u t  t h i s  s y s t e m  t o  use i n  t h e  p r a c t i c a l  a p p l i c a t i o n  o f  determining 

environmental l e v e l s  o f  lead-210 s k e l e t a l  burdens and measuring t h e  d i s t r i b u -  

t i o n  and r e t e n t i o n  o f  i n t e r n a l  contaminants i n  bone. 

A s  shown i n  Table 2,  t h e r e  a r e  c u r r e n t l y  4 s t u d e n t s  p r e s e n t  a t  t h e  Insti- 

t u t e  of Environmental Medicine who w i l l  b e n e f i t  from t h e  a c q u i s i t i o n  of t h i s  

equipment both acadeinical ly ,  a s  a teaching system, and i n  t h e i r  s p e c i f i c  

d i s s e r t a t i o n  r e s e a r c h  programs. To d a t e ,  t h e r e  have been 7 s t u d e n t s  who have 

received t h e i r  Ph.D. deg rees  i n  t h i s  s p e c i f i c  a r e a  o f  r e s e a r c h  (ove r  a 15-year 

pe r iod )  and we expec t  an a d d i t i o n a l  4 s t u d e n t s  t o  g radua te  w i t h i n  t h e  next 2 

years.  
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'1 

C.S. DEPARThIEST OF ENERGY 
UNIVERSITY RESEARCH ISSTHUMENTATION PROGRAM 

BUDGET PAGE 

Instrumentation 

A. Purchase Price ( 3 )  

Subtotal: 

ESTIMATED COSTS 

Institution's Other 
Requested Cost Sharing Federal 
of DOE ( 1 )  Funds (2) TOTAL 

8,000* 1 3 1 ,  $ 6 0  

131.469 8,000 1 3 9 , 4 6 0  

B. Other Allowable Costs 

I .  Shipping / Handling x x x x x  
x x x x x  5 , 0 0 0  2. Installation 

3. Building / Laboratory Renovation x x x x x  10,000 

Subtotal: 15,000 15,000 

C. TOTAL 
131,460 15,000 ( 4 )  8,000 1 5 4 , 4 6 0  

1 
NOTES: ( I )  Non - Federal funds only. (However, may be provided by a third party. } 

( 2 )  Estimate funds to be obtained from other Federal agencies f o r  purchasing rhe 
instrumen t ,  etc. 

( 3 )  Only the purchase price of the instrumentation is eligible f o r  DOE funding 
throygh this program. 

( 4 )  This amounf represents allowable cost sharing. (See pages 7 and 8 ). 

1 

* Service con t r ac t  

I O l b S b  I 19 
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A. Purchase Price (List coi.iponenls and unil prices.) 

10 e a .  Yodel GLP-36490/05 HP Ge ' D e t e c t o r s  

10 e a .  Xodel 4 7 2  O r t e c  Spec Amps. 

2 ea.  ?lode1 4 0 0 1 C / 4 0 0 2 A  N i m  B i n  and Power 
SUPPlY 

3 ea. Piodel 433A Dual  Sum a n d  I n v e r t  Amps 

1 ea. Plodel 4 7 3  2 kV Bias S u p p l y  

1 ea. Automated Liquid N i t r o g e n  T r a n s f e r  
and Fill System 

1 ea. Model Orte'c ADCA?I ?ICA 150 M u l t i -  
c h a n n e l  A n a l y z e r  

Told 
Estimated 
Lnit Price 

$ 9  630 

1 , 1 2 5  

840 

295 

7 4 5  

10 y 000 

10,000 

Subtolal: 
26 

20 

32,695 

Total 

$96,900 

11,250 

1,680 

885 

7 4 5  

10,000 

10,000 

131.460 
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N a r r a t i v e  

A i m  R A CT 

T h e  o r i g i n a l  methodology, by wh ich  i n t e r n a l  body burdens of va r ious  low- 

energy, photon-emitt ing r a d i o n u c l i d e s  were determined - i n  -’ vivo u t i l i z e d  t h e  

dual c r y s t a l  NaI-CsI(T1) d e t e c t o r  developed a t  N Y U  Medical Center by  Dr. 

Gerard Laurer i n  1968. A complete l i s t  o f  t h e  n a t i o n a l  and i n t e r n a t i o n a l  

l a b o r a t o r i e s  u t i l i z i n g  t h i s  d e t e c t i o n  s y s t e m  a t  t h e  p re sen t  time i s  given i n  

Table 1.  A new d e t e c t i o n  system, which h a s  recently been made commercially 

a v a i l a b l e  and which i s  proposed f o r  suppor t  u n d e r  t h e  U R I  program, makes use 

of an a r r a y  o f  hyperpure germanium semiconductors which w i l l  s u rpass  t h e  NaI- 

C s I ( T 1 )  d e t e c t i o n  system i n  terms o f  energy r e s o l u t i o n  and has r e c e n t l y  been 

reported t o  have an o v e r a l l  lqfigure-of-merit l l  (due t o  i t s  lower background 

count r a t e )  which w i l l  exceed t h e  c u r r e n t  Phoswich system. A s  can be seen i n  

Table 1 ,  s e v e r a l  n a t i o n a l  l a b o r a t o r i e s  have purchased t h i s  new system without 

a d e t a i l e d  comparison t o  t h e  Phoswich [ i . e . ,  NaI-CsI(T1)l d e t e c t o r .  As a 

u n i v e r s i t y  l a b o r a t o r y  we do not  have t h e  time c o n s t r a i n t s  and r e s t r i c t i o n s  o f  

an e x t e n s i v e  r o u t i n e  s u r v e i l l a n c e  schedule  o f  nuc lea r  p l a n t  employees a s  do 

t h e  Na t iona l  Labora to r i e s .  The re fo re ,  we a r e  i n  t h e  r i g h t  p o s i t i o n  t o  examine 

i n  d e t a i l  t h e  many developmental d e t a i l s  t h a t  a r e  a s soc ia t ed  w i t h  making accu- 

r a t e  in vivo measurements of i n t e r n a l  body burdens w i t h  t h e  new system and 

comparing it t o  t h e  Phoswich s y s t e m .  We have,  i n  f a c t ,  continued t o  r ece ive  

support  from t h e  DOE t o  provide development and eva lua t ion  of whole-body 

count ing systems f o r  t h e  l a s t  25 y e a r s .  Although we have repeatedly requested 

t h e  purchase o f  t h e  germanium a r r a y  system f o r  our own use,  t h i s  i n s t r u m e n t  

support  has  been unava i l ab le .  I n  an e f f o r t  t o  begin t h e  comparison, t he re -  

f o r e ,  we have had t o  r e s o r t  t o  sending our  s t a f f  t o  va r ious  National 

I O l b 5 4 5  
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Labora to r i e s  where t h e s e  systems were a v a i l a b l e  f o r  d e t a i l e d  measurements of 

bone phantoms, i . e . ,  c a l i b r a t i o n  s t r u c t u r e s  t h a t  have been developed a t  New 

York Un ive r s i ty  Medical Center.  Although we have had t h e  e n t h u s i a s t i c  silpport 

of s e v e r a l  i n v e s t i g a t o r s  i n  var ious  l a b o r a t o r i e s  throughout t h e  country i n  our 

meager beginning f o r  t h i s  program, t h e r e  i s  no doubt t h a t  t h i s  i s  a d i f f i c u l t  

way t o  accomplish t h e  comparison. Our most recent  e v a l u a t i o n  and use o f  t h e  

germanium a r r a y  s y s t e m  took p lace  t h i s  p a s t  summer a t  t h e  B a t t e l l e  P a c i f i c  

Northwest Labora to r i e s  and a t  t h e  Rocky F l a t s  Laboratory i n  Denver, Colorado. 

Much more could be accomplished i n  cons iderably  more d e t a i l  i n  t h e  experimen- 

t a l  programs we have planned i f  t h e  germanium a r ray  system were a v a i l a b l e  a t  

our l a b o r a t o r y .  T h i s  instrument  would c e r t a i n l y  enhance no t  on ly  t h e  scien-  

t i f i c  and t e c h n i c a l  exce l lence  of our on-campus r e sea rch  program i n  t h e  a rea  

of whole-body count ing of nuc l ides  which emit photons below 150 keV, b u t  a l s o  

provide t h e  much-needed d a t a  f o r  comparison of  t he  new s y s t e m  t o  t h e  Phoswich 

system. 

Our r e sea rch  i s  p a r t i c u l a r l y  r e l a t e d  t o  t h e  a rea  of  nuc lear  energy 

i n s o f a r  a s  we have continued t o  s t u d y  t h e  b i o k i n e t i c s  and measurement of 

i n t e r n a l  contaminat ion t h a t  could r e s u l t  from rad ionuc l ides  present  i n  t h e  

nuclear  energy f u e l  cyc le .  T h i s  i nc ludes  "both e n d s "  of t h e  f u e l  cyc le ,  

i n s o f a r  a s  our measurements i nc lude  uranium and plutonium i s o t o p e s  as  well  a s  

those n u c l i d e s  present  i n  nuc lear  waste ,  i . e . ,  plutonium, americium, curium, 

etc.  We a l s o  have been involved w i t h  making measurements of lead-210 vivo 

i n  uranium miners  a s  a method f o r  e v a l u a t i n g  t h e i r  cumulative p a s t  exposure t o  

radon and radon daughters  i n  uranium mines,  a s  well a s  t o  residents of homes 

w i t h  abnormally high concen t r a t ions  of  r a d o d r a d o n  daughters  due t o  irnplemen- 

t a t i o n  o f  procedures  t o  guarantee inc reased  energy e f f i c i e n c y ,  i . e . ,  t h e  gen- 

e r a l  r educ t ion  i n  t h e  number o f  a i r  t u rnove r s  per u n i t  time. We plan t o  
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u t i l i z e  our -- i n  vivo expe r i ence  f o r  developing new methodologies f o r  a c c u r a t e l y  

measuring and e s t i m a t i n g  i n t e r n a l  body burdens so  t h a t  we w i l l  be a b l e  t o  more 

accu ra t e ly  d e r i v e  dose-response d a t a .  T h i s  i n c l u d e s  t h e  a c c u r a t e  e s t i m a t i o n  

of nucl ide d i s t r i b u t i o n  w i t h i n  t h e  body, a s  we l l  a s  i t s  s p e c i f i c  r e t e n t i o n  a t  

var ious depos i t i on  s i t e s .  'de a r e  c u r r e n t l y  i n  t h e  p rocess  of developing t h e  

advanced methodologies f o r  determining how m a t e r i a l  depos i t ed  i n  bone might 

i n f luence  t h e  e s t i m a t e  of a c t i v i t y  p re sen t  i n  t h e  lung.  T h i s  i s  an important 

aspect  of our dose c a l c u l a t i o n  procedures.  

Dr. Laurer ,  who developed t h e  o r i g i n a l  Phoswich system, c o n t i n u e s  t o  work 

on new developments he re  a t  t h e  I n s t i t u t e  and h i s  a b i l i t y . t o  u t i l i z e  s t a t e -  

of-the-art  equipment i n  o r d e r  t o  f u r t h e r  h i s  own r e s e a r c h  i n t o  imaging s y s -  

tems, a s  well a s  t o  f u r t h e r  enhance e x i s t i n g  i n  vivo measurement systems,  

r e q u i r e s  t h a t  our I n s t i t u t e  have t h e  HPGe assay measurement system immediately 

a v a i l a b l e .  It  i s  d i f f i c u l t  t o  proceed i n t o  more advanced a r e a s  o f  2 

bioassay measurements systems without  t h e  use o f  t h e  l a t e s t  developments i n  

t h i s  a r ea .  

I t  has been c o n t i n u a l l y  demonstrated t h a t  i t  i s  necessa ry  t o  e s t i m a t e  

q u a n t i t a t i v e l y  t h e  amount o f  i n t e r n a l  contamination i n  o r d e r  t o  a c c u r a t e l y  

e s t ima te  r i s k .  Conventional b ioas say  techniques such a s  measuring a c t i v i t y  i n  

exc re t a  can g i v e  erroneous r e s u l t s  when m a t e r i a l  i n  i n s o l u b l e  and no t  excreted 

i n  a manner i n d i c a t i v e  o f  s p e c i f i c  contaminant body burdens.  For t h i s  reason 

it i s  e s s e n t i a l  t o  combine bioassay of e x c r e t a  w i t h  i n  vivo measurements o f  

t he  lung and v a r i o u s  o t h e r  t i s sue  depos i t i on  s i t e s .  The importance and scien-  

t i f i c  mer i t  o f  t h i s  a r e a  h a s  been recognized by t h e  DOE and we have t h e r e f o r e  

received continued suppor t  ove r  t h e  p a s t  25 y e a r s .  

-- 

There i s  no doubt t h a t  t h e r e  i s  cont inuing need  t o  develop a r e l a t i o n s h i p  
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between low d o s e  r a d i a t i o n  and i t s  p o s s i b l e  e f f e c t s  i n  o r d e r  t o  s e t  r e a l i s t i c  

g u i d e l i n e s  and  l i m i t a t i o n s  upon which  o u r  n u c l e a r  e n e r g y  program d e p e n d s .  I t  

is o n l j  t h r o u g h  a c c u r a t e  measu remen t s  o f  i n t e r n a l  body b u r d e n s  and t h e i r  b i o k -  

inet ics  t h a t  t h i s  g o a l  can  be  a c h i e v e d .  

The  I n s t i t u t e  o f  Env i ronmen ta l  M e d i c i n e  h a s  t r a i n e d  many advanced  s t u -  

d e n t s  a t  t h e  Ph.D. l e v e l  o v e r  t h e  p a s t  25 y e a r s ,  most  o f  whom are  now employed 

i n  ma jo r  N a t i o n a l  L a b o r a t o r i e s ,  t h e  n u c l e a r  i n d u s t r y  ( i n c l u d i n g  power r e a c t o r  

u t i l i t i e s )  and i n  o t h e r  academic  i n s t i t u t i o n s .  T h u s  f a r  t h e  L a b o r a t o r y  f o r  

R a d i o l o g i c a l  S t u d i e s  h a s  p roduced  o v e r  50 Ph.D. g r a d u a t e  s t u d e n t s  unde r  a 

c e r t i f i e d  d e g r e e  program which  i s  p a r t  o f  o u r  Depar tment  o f  E n v i r o n m e n t a l  

Med ic ine .  Our s u p p o r t  f rom t h e  Depar tmen t  o f  Energy h a s  been  r e s p o n s i b l e  f o r  

p r o v i d i n g  t h e  n e c e s s a r y  t u i t i o n  and Ph.D. d i s s e r t a t i o n  t o p i c s  f o r  many o f  

t h e s e  s t u d e n t s .  

O p e r a t i o n  and Main tenance  I n s u r a n c e  

As p r e v i o u s l y  d e s c r i b e d ,  there  a re  several  i n d i v i d u a l s  o n - s i t e  who h a v e  

e x t e n s i v e  e l e c t r o n i c  e x p e r i e n c e  and who w i l l  t h e r e f o r e  be  a b l e  t o  g u a r a n t e e  a 

q u a l i t y  c o n t r o l  program t o  a s s u r e  e f f e c t i v e  and  t r o u b l e - f r e e  o p e r a t i o n .  All 

o f  o u r  e l e c t r o n i c  equipment  i s  c u r r e n t l y  powered t h r o u g h  an E l g a r  u n i n t e r r u p t -  

a b l e  power s u p p l y  which p r e v e n t s  t r a n s i e n t  power s p i k e s  and power f a i l u r e  

p rob lems .  I n  a d d i t i o n ,  we m a i n t a i n  a s e r i e s  o f  c o m p u t e r i z e d  q u a l i t y  c o n t r o l  

and q u a l i t y  a s s u r a n c e  c h e c k s  on a l l  e q u i p m e n t  i n  an e f f o r t  t o  m o n i t o r  any  

changes  i n  t h e  e f f i c i e n c y ,  b a c k g r o u n d ,  o r  d a t a  a c q u i s i t i o n  and r e a d o u t  t h a t  

might  n o r m a l l y  o c c u r .  F i n a l l y ,  i n  a d d i t i o n  t o  i n h o u s e  c o n t r o l ,  we would 

i n s t i t u t e  a s e r v i c e  c o n t r a c t  f rom t h e  EG&G Ortec Company ( a t  u n i v e r s i t y  

e x p e n s e )  which  would a c t  a s  a w a r r a n t y  f o r  t h e  germanium a r r a y  s y s t e m  and i t s  

a s s o c i a t e d  e l e c t r o n i c s .  I n  t h e  p a s t  we h a v e  had several s u c h  service 
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c o n t r a c t s  drawn w i t h  t h e  EC&G Ortec Company and  h a v e  f o u n d  t h a t  t h e i r  s e r v i c e  

i s  r a p i d  and r e l i a b l e .  

Academic E l i g i b i l i t y  

A s  p r e v i o u s l y  d e s c r i b e d  i n  t h e  t e x t  o f  t h i s  p r o p o s a l ,  t h e  New York 

U n i v e r s i t y  Medical C e n t e r ,  I n s t i t u t e  o f  E n v i r o n m e n t a l  M e d i c i n e  i s  a well es ta -  

b l i s h e d  and c e r t i f i e d  g r a d u a t e  p rogram i n  h e a l t h  p h y s i c s  and  r a d i a t i o n  p r o t e c -  

t i o n .  I n  f a c t ,  we are  a p a r t i c i p a t i n g  u n i v e r s i t y  i n  t h e  Oak R i d g e  T e n n e s s e e  

A s s o c i a t e d  U n i v e r s i t y  H e a l t h  P h y s i c s  F e l l o w s h i p  Program t h a t  h a s  r e c e n t l y  b e e n  

i n s t i t u t e d .  T h u s  f a r ,  we h a v e  b e e n  g r a n t e d  o n e  f e l l o w s h i p  for  o n e  of o u r  s t u -  

d e n t s .  I n  a d d i t i o n ,  we o f f e r  o u r  own NIEHS and  NIOSH f e l l o w s h i p s ,  a l o n g  w i t h  

g r a d u a t e  a s s i s t a n t s h i p s  wh ich  are  u s u a l l y  s u p p o r t e d  b y  DOE-sponsored r e s e a r c h .  

Our s t u d e n t s  h a v e  u s u a l l y  r e c e i v e d  employment i n  N a t i o n a l  L a b s ,  i n  t h e  n u c l e a r  

i n d u s t r y ,  and  i n  many cases w i t h  o the r  u n i v e r s i t i e s  a t  t h e  f a c u l t y  l e v e l .  

A l though  t h e  m a j o r i t y  o f  o u r  r a d i o l o g i c a l  h e a l t h  research s u p p o r t  comes 

from t h e  D e p a r t m e n t  of E n e r g y ,  o u r  I n s t i t u t e  h a s  i t s  basic  core s u p p o r t  w i t h  

t h e  N a t i o n a l  I n s t i t u t e  of E n v i r o n m e n t a l  H e a l t h  S c i e n c e s ,  t h e  N a t i o n a l  Cancer  

I n s t i t u t e ,  and  t h e  American Cance r  I n s t i t u t e .  T h i s  l a t t e r  f u n d i n g  c o v e r s  t h e  

cos t  of  s a l a r i e s  f o r  t h e  p r i n c i p a l  i n v e s t i g a t o r s  and  t e n u r e d  members of t h e  

f a c u l t y ,  a l l  u t i l i t i e s  a t  t h e  I n s t i t u t e  of  E n v i r o n m e n t a l  M e d i c i n e ,  and a l l  

2 e n e r a l  m a i n t e n a n c e  and  s t o c k  s u p p l i e s .  I n  t h e  p a s t ,  w e  h a v e  had  c o n s i d e r a b l e  

i n t e r a c t i o n  w i t h  almost a l l  of  t h e  N a t i o n a l  L a b o r a t o r i e s  i n  t h e  U.S. c u r r e n t l y  

unde r  DOE a e g i s .  On a non-Fede ra l  l e v e l ,  we h a v e  r e c e i v e d  c o n t i n u e d  s u p p o r t  

from two n u c l e a r  u t i l i t i e s ,  t h e  C o n s o l i d a t e d  E d i s o n  Company and  t h e  New York 

S t a t e  Power A u t h o r i t y ,  b o t h  o f  which own and  o p e r a t e  1000-MWe power reactors 

w i t h i n  50 miles o f  o u r  I n s t i t u t e .  I n  p a r t i c u l a r ,  we h a v e  p e r f o r m e d  whole-body 

c o u n t i n g  m e a s u r e m e n t s  f o r  a v a r i e t y  o f  e m p l o y e e s  who h a v e  o p e r a t e d  a t  these 
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u t i l i t y  s i t e s  i n  ca ses  of p o t e n t i a l  exposure and i n t e r n a l  contaminat ion w i t h  

rad ionucl ides  . 
A s  an I n s t i t u t e ,  t h e  New York Univers i ty  Yedical Center main ta ins  a 

var ie ty  of major equipment i n  a l l  of t h e  va r ious  s c i e n t i f i c  d i s c i p l i n e s  

involved i n  energy r e sea rch  p u r s u i t s .  I n  p a r t i c u l a r ,  a s  r e l a t e s  t o  t h e  

present  p roposa l ,  w e  have whole-body c o u n t e r s ,  X-ray f luorescence  systems,  a 

va r i e ty  of mult ichannel  a n a l y z e r s ,  IBM and PDP computers and va r ious  c r y s t a l  

conf igu ra t ions  f o r  measurement o f  nuc lear  r a d i a t i o n .  I n  a d d i t i o n ,  we have 

alpha/beta  p ropor t iona l  c o u n t e r s ,  and high-pressure ion chambers f o r  t h e  meas- 

urement of  background r a d i a t i o n .  A t  t he  I n s t i t u t e  l e v e l ,  o f  cour se ,  we main- 

t a i n  a v a r i e t y  of  i n s t rumen t s  of h igh  q u a l i t y ,  i nc lud ing  mass spec t romete r s ,  

scanning e l e c t r o n  microscopes,  e t c . ,  e t c .  

The q u a l i f i c a t i o n s  o f  t h e  major f a c u l t y  t h a t  w i l l  be a s soc ia t ed  w i t h  t h i s  

p a r t i c u l a r  r e sea rch  a r e a  a r e  descr ibed  i n  t h e  two a t tached  C V ' s .  Both of t h e  

p r inc ipa l  i n v e s t i g a t o r s  have had more than 25 y e a r s  of exper ience  i n  t h e  

nuclear r a d i a t i o n  and measurement f i e l d ,  and t each  var ious  graduate- leve l  

courses  d s  p a r t  o f  our Ph.D. program. Dr. Laure r ,  i n  p a r t i c u l a r ,  has  been 

respons ib le  f o r  some of  t h e  major developments i n  t h e  gamma spectrometry a r e a ,  

and has been t h e  inven to r /des igne r  of  t h e  Phoswich system descr ibed throughout 

t h i s  proposal and u t i l i z e d  throughout t he  world.  

INTRODUCTION AND OBJECTIVES 

The -- i n  v ivo measurement of  uranium, plutonium, and o the r  t r a n s u r a n i c  and 

heavy metal  r ad ionuc l ides  which emit low energy photons i s  an extremely com- 

plex problem. Complexity i s  introduced i n t o  t h e  measurement of  t h e s e  radionu- 

c l i d e s  b y  human v a r i a b l e s  s u c h  a s  source d i s t r i b u t i o n  ( i . e . ,  macro and micro- 

I O l b 5 5 0  



- 15 - 

n u c l i d e  d i s t r i b u t i o n ) ,  c h e s t  wal l  t h i c k n e s s  ( c w t ) ,  organ and t issue i n t e r f e r -  

ences ,  and s p e c t r a l  d i s t o r t i o n s  d u e  t o  t h e  presence o f  o t h e r  r a d i o n u c l i d e s .  

Therefore ,  e l a b o r a t e  methods, i n s t r u m e n t a t i o n ,  and c a l i b r a t i o n  t echn iques  a r e  

required i n  o rde r  t o  p rope r ly  access  dose d i s t r i b u t i o n s  w i t h i n  t h e  body. Past  

developments i n  t h e  measurement o f  t r a n s u r a n i c  and o t h e r  heavy metal  

r ad ionuc l ides  have concen t r a t ed  on measurement t echn iques  and phantom con- 

s t r u c t i o n  f o r  t h e  dosimetry o f  lung tissues. Experience has shown t h a t  most 

i n t a k e s  of t r a n s u r a n i c  and heavy metal  r a d i o n u c l i d e s  occur v i a  i n h a l a t i o n ,  

t h e r e f o r e  lung t i s s u e  p rov ides  t h e  most optimum s i t e  f o r  t h e  i n i t i a l  measure- 

ment o f  most i n t a k e s .  Whi le  lung t i s s u e  u s u a l l y  r e c e i v e s  t h e  l a r g e s t  i n i t i a l  

depos i t i on  due t o  i n h a l a t i o n  o f  bone seek ing  r a d i o n u c l i d e s ,  t h e  b i o l o g i c a l  

e f f e c t s  and long term dosimetry a r e  moderate when compared w i t h  t h e  dosimetry 

and ca rc inogen ic  e f f e c t s  i n c u r r e d  by b o n e / s o f t  t i s s u e  i n t e r p h a s e  a r e a s .  I n  

a d d i t i o n ,  t h e  metabolism of  t h e s e  r a d i o n u c l i d e s ,  once they a r e  t r a n s p o r t e d  out  

of lung t i s s u e ,  i s  h igh ly  v a r i a b l e  r e s u l t i n g  i n  l a r g e  u n c e r t a i n t i e s  i n  t h e  

systemic d e p o s i t i o n  f r a c t i o n s  f o r  o t h e r  organs.  

For 239Pu t h e  r i s k  from bone cancer  i s  a t  l e a s t  1,000 times g r e a t e r  t h a n  

the  r i s k  from lung cancer .  For t h i s  r e a s o n ,  a c c u r a t e  e s t i m a t e s  o f  bone depo- 

s i t i o n s  a r e  needed and, t o  d a t e ,  in measurement i s  t h e  most conc lus ive  

and a c c u r a t e  method f o r  determining t h e  magnitude o f  s p e c i f i c  t i s sue  and organ 

( e s p e c i a l l y  bone) d e p o s i t i o n s .  I n  o r d e r  to  perform a c c u r a t e  measurements o f  

bone t i s s u e ,  s e v e r a l  confounding f a c t o r s  need c a r e f u l  s t u d y  and p r a c t i c a l  

s o l u t i o n s  implemented which p rope r ly  a d d r e s s  these confounding f a c t o r s .  

Seve ra l  complicat ing f a c t o r s  exis t  when a t tempting t o  measure bone- 

seeking r a d i o n u c l i d e s  & vivo. An impor t an t  v a r i a b l e  i n  t h e  measurement o f  

these r a d i o n u c l i d e s  i s  source  d i s t r i b u t i o n  wi th in  and between tissues. Bone- 
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seeking r a d i o n u c l i d e s  t e n d  t o  i n i t i a l l y  d e p o s i t  on to  bone s u r f a c e s ,  t h u s  t r a -  

becular  bone t e n d s  t o  provide concentrated a r e a s  f o r  in 9 measurement. 

Measurement o f  bone using t h o r a c i c  s k e l e t a l  a r e a s  l e a d s  t o  confounding f a c t o r s  

involving c r o s s  c o n t r i b u t i o n s  from l i v e r  and lung t issues.  Methods developed 

a t  t n i s  I n s t i t u t e  a r e  c u r r e n t l y  being s tud ied  which  w i l l  r e s u l t  i n  simultane- 

ous de t e rmina t ion  o f  lung ,  l i v e r ,  and bone d e p o s i t i o n s .  I n  a d d i t i o n ,  t h e  

simultaneous s o l u t i o n  o f  organ a c t i v i t i e s  has  been compiled w i t h i n  a computer 

program co f a c i l i t a t e  i t s  use and demonstrate i t s  u t i l i t y  t o  o the r  labora- 

t o r i e s  performing t h e s e  t y p e s  of  measurements. 

Another f a c t o r  which i s  c r u c i a l  t o  t h e  - -  i n  v ivo measurement o f  bone- 

seeking r a d i o n u c l i d e s  is t h e  v a r i a b i l i t y  o f  human background l e v e l s .  Back- 

ground r educ t ion  i s  o f  l i m i t e d  u s e f u l n e s s  i f  t h e  v a r i a b i l i t y  of  t h e  background 

i n c r e a s e s  r e l a t i v e  t o  t h e  s i g n a l  s t r e n g t h .  New hyperpure germanium d e t e c t i o n  

s y s t e m s  which have r e c e n t l y  been employed by several l a b o r a t o r i e s  f o r  t he  rou- 

t ine  measurement of  r a d i a t i o n  workers have demonstrated a s i g n i f i c a n t  reduc- 

t i o n  i n  human background l e v e l s  r e l a t i v e  t o  a photopeak s i g n a l .  However, 

p re l imina ry  a n a l y s i s  o f  a s e t  of 100 human background s u b j e c t s  has shown t h a t  

t h e  v a r i a b i l i t y  o f  background may be g r e a t e r  t h a n  t h a t  predicted u s i n g  s tan-  

dard s t a t i s t i c a l  and s p e c t r a l  e x t r a p o l a t i o n  t echn iques .  Methods f o r  evaluat-  

ing human background m u s t  be i n v e s t i g a t e d  t o  determine which method provides 

t h e  l e a s c  v a r i a b l e  a n a l y s i s .  Seve ra l  methods o f  background determinat ion a r e  

app l i ed  t o  t h e  r o u t i n e  measurement o f  r a d i a t i o n  workers b y  v a r i o u s  labora- 

t o r i e s .  These methods a l s o  need t o  be t e s t e d  t o  determine which method pro- 

v i d e s  t h e  b e s t  and l e a s t  v a r i a b l e  answer t o  background determinat ions.  

C a l i b r a t i o n  f o r  v a r i o u s  i n  vivo source d i s t r i b u t i o n s  and bone depos i t i on  

s i t e s  i s  c r i t i c a l  t o  t h e  a c c u r a t e  de t e rmina t ion  o f  s k e l e t a l  depos i t i on  of 
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bone-seeking r a d i o n u c l i d e s .  C a l i b r a t i o n  f o r  low-energy X-rays ( e . g . ,  -17  keV 

X-rays from plutonium and o t h e r  a c t i n i d e  i s o t o p e s )  is extremely d i f f i c u l t  t o  

perform due t o  t h e  l a r g e  a t t e n u a t i o n  c r o s s  s e c t i o n s  of bone and s o f t  t i s s u e .  

The  17 keV pnotons have h a l f  value t h i c k n e s s e s  o f  0.07 cm and 0.54 cm f o r  bone 

and muscle t i s s u e s ,  r e s p e c t i v e l y .  Construct ion of human s u r r o g a t e  s t r u c t u r e s  

used t o  c a l i b r a t e  2 measurement equipment must  account f o r  v a r i a n c e s  i n  

t i s s u e  d e p t h  and source d i s t r i b u t i o n s  w i t h i n  t h e  organ,  e s p e c i a l l y  f o r  t r a n -  

s u r a n i c s  i n  bone. 

DESCRIPTION OF EQUIPMENT A N D  FACILITIES 

T h e  f i r s t  d u a l  c r y s t a l  d e t e c t i o n  system was developed i n  these labora-  

t o r i e s  and was l a t e r  marketed b y  Harshaw under  t h e  name o f  "Phoswich" detec-  

t o r s .  Today t h e  Laboratory o f  Radiological  S t u d i e s  ma in ta ins  a s i g n i f i c a n t  

inventory o f  t h e s e  d e t e c t o r s ,  t h r e e  of which a r e  maintained i n  an 8 ' x 8 ' x a 1  

low-background whole-body coun t ing  room. The count ing room i s  temperature  and 

humidity c o n t r o l l e d  and is cons t ruc t ed  of 15 cm of low background s t e e l  w i t h  

graded Z lead-cadmium-copper l i n i n g  t o  reduce low energy background. The 

d e t e c t o r s  maintained i n  t h i s  room a r e  15.2 cm dual  NaI-CsI(T1) c r y s t a l s  used 

f o r  s imultaneous measurement o f  h igh  and low energy photons. I n  a d d i t i o n ,  an 

S " x 4 "  NaI(T1) d e t e c t o r  i s  maintained w i t h i n  t h e  room f o r  1 meter a r c  whole 

body count  measurements. Dai ly  q u a l i t y  c o n t r o l  measurements a r e  performed and 

computer analyzed f o r  each d e t e c t o r  and a s soc ia t ed  e l e c t r o n i c s .  E l e c t r o n i c s  

a s soc ia t ed  w i t h  t h e  dual  c r y s t a l  d e t e c t o r s  i nc lude  pulse-shaping a n t i c o i n -  

cidence c i r c u i t r y ,  a 4096 channel MCA, a 16K Byte Data General Computer, 

c a s s e t t e  d a t a  s t o r a g e  s y s t e m ,  an HP704SA P l o t t e r ,  IBM Computer Terminal ,  and 

D i g i t a l  (LA1201 Line P r i n t e r .  Detector  p o s i t i o n i n g  i s  c a r e f u l l y  c o n t r o l l e d  

using s p e c i f i c  eng inee r ing  d e s i g n s  such t h a t  t h e  d e t e c t o r s  can be a c c u r a t e l y  
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r e p o s i t i o n e d  f o r  a l l  conceivable  count ing c o n f i g u r a t i o n s .  

Human s u r r o g a t e  "phantoms" have been designed and cons t ruc t ed  t o  accu- 

r a t e l y  s i m u l a t e  low energy photon escape and s c a t t e r i n g  p rocesses  w i t h i n  

humans. 241 Am 

embedded i n  a t i s sue -equ iva len t  t h o r a x ,  r ea l  human s k u l l s  l a b e l e d  w i t h  2 4 1 A m ,  

23aPu, a n d  210Pb embedded i n  t i s sue -equ iva len t  m a t e r i a l  and molded i n t o  human 

form, a Rando t r u n k  phantom w i t h  removable t i s s u e - e q u i v a l e n t  l ungs  capab le  o f  

These inc lude  an a c t u a l  t h o r a c i c  s k e l e t a l  phantom l abe led  w i t h  

being l abe led  w i t h  a v a r i e t y  o f  d i f f e r e n t  r a d i o n u c l i d e s  and a mult ipurpose 

phantom f o r  use i n  t h e  c a l i b r a t i o n  o f  i n t e r n a l l y - d e p o s i t e d ,  h i g h  ene rgy ,  

gamma-emitting r ad ionuc l ides .  

METHODOLOGY A N D  DESCRIPTION OF SPECIFIC RESEARCH TASKS 

Figure-of -- Merit S t u d i e s  for Phoswich and Hyperpure Germanium De tec t ion  Systems 

Germanium a r r a y  d e t e c t i o n  systems are  being used  i n  s e v e r a l  DOE and o t h e r  

nuc lea r  f a c i l i t i e s  f o r  vivo measurement o f  employees. These f a c i l i t i e s  

have h igh  throughputs  o f  personnel  f o r  -- i n  vivo measurement and consequent ly  

have minimal t ime and personnel t o  f u l l y  e v a l u a t e  and optimize t h e  use of new 

measurement systems. To d a t e ,  l i m i t e d  r e s e a r c h  has  been performed and a t o t a l  

of on ly  s i x  l i m i t e d  p u b l i c a t i o n s  (Bem76, Ber81, Fa78, (3075, Ki77, Pal84) deal-  

ing w i t h  i n  v ivo measurement o f  heavy metal  r a d i o n u c l i d e s  using germanium sys- 

tems can be found. I n i t i a l  s t u d i e s  show promise f o r  Ge a r r a y  measurement s y s -  

tems based on d e t e c t i o n  l e v e l  s t u d i e s  us ing  s t anda rd  s t a t i s t i c a l  t echn iques .  

However, measurements using hyperpure germanium measurement systems have been 

performed by members of t h i s  I n s t i t u t e  a t  i n  v ivo measurement f a c i l i t i e s  main- 

t a i n e d  by Rockwell International-Rocky F l a t s  P l a n t  and B a t t e l l e  P a c i f i c  

Northwest Labora to r i e s  and e a r l y  r e su l t s  i n d i c a t e  t h a t  comparative measure- 
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m e n t s  and s t u d y  o f  confounding f a c t o r s  a r e  d e s p e r a t e l y  needed. Determination 

of background and background v a r i a b i l i t y  needs proper and s t a t i s t i c a l  

a n a l y s i s .  Prel iminary r e s u l t s  o f  over 100 human s u b j e c t  background measure- 

ments show t h a t  convent ional  count ing s t a t i s t i c s  may n o t  be v a l i d  f o r  t hese  

new systems. I n  f a c t ,  background va r i ance  may be a more complex f u n c t i o n a l  

c h a r a c t e r i s t i c  o f  t h e s e  new systems and more e l a b o r a t e  methods a r e  needed t o  

properly access  t h e  s e n s i t i v i t y  o f  t h e s e  systems. I t  has  been  shown (NCRP85) 

t h a t  t h e  s t a t i s t i c a l  v a r i a t i o n  of germanium d e t e c t o r  response i s  r e f l e c t e d  i n  

t he  t o t a l  charge c o l l e c t e d  (Q). The t o t a l  cha rge  i s  equa l  t o  qn where n i s  

the  number o f  i n t e r a c t i n g  p a r t i c l e s ,  and q i s  t h e  cha rge  r e l e a s e d  per p a r t i -  

c l e .  Using t h e s e  c o n s i d e r a t i o n s ,  i t  can be shown t h a t  t h e  v a r i a t i o n  (6') O f  

c o l l e c t e d  charge i s  equa l  t o  qQ. F i n a l l y ,  t h e  v a r i a n c e  i s  ad jus t ed  u s i n g  t h e  

Fano f a c t o r  c o r r e c t  f o r  d i f f e r e n c e s  observed from experimental  resul ts .  T h i s  

method o f  va r i ance  de t e rmina t ion  may need  t o  be  inco rpora t ed  i n t o  t h e  r o u t i n e  

s t a t i s t i c a l  a n a l y s i s  and f i g u r e  of merit of germanium measurement systems. 

Q 

I n  add i t ion  t o  background va r i ance  d e t e r m i n a t i o n s ,  r e s e a r c h  i s  needed 

concerning t h e  measurement o f  bone and o t h e r  t i ssues .  V a r i a t i o n  i n  measure- 

ment resul ts  can occur due t o  c r o s s  c o n t r i b u t i o n s  from o t h e r  organs o r  unequal 

d i s t r i b u t i o n s  w i t h i n  an organ.  Pas t  r e sea rch  a t  t h i s  l a b o r a t o r y  has  concen- 

t r a t e d  on c h a r a c t e r i z i n g  t h e  response o f  dual  c r y s t a l  d e t e c t o r s  t o  varying 

organ d i s t r i b u t i o n s ,  and matr ix  methods have been devised which  e l i m i n a t e  

i n t e r f e r e n c e s  and provide a c c u r a t e  organ d i s t r i b u t i o n s .  Methods t o  e l i m i n a t e  

i n t e r f e r e n c e s  from v a r i a b l e  organ d i s t r i b u t i o n s  mus t  be developed f o r  ger- 

manium a r r a y  sys t ems .  The b e n e f i t s  a s  well a s  t h e  l i m i t a t i o n s  o f  t h e s e  sys- 

tems mus t  be  determined i n  order  t o  a s su re  a c c u r a t e  de t e rmina t ion  o f  organ 

d e p o s i t i o n s  w i t h i n  DOE personnel .  
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F i n a l l y ,  t h e  response o f  these systems f o r  t h e  measurement o f  bone depo- 

s i t i o n s  n e e d s  t o  be r e sea rched .  The methods f o r  a c c u r a t e  de t e rmina t ion  of  

bone d e p o s i t i o n s  us ing  d u a l  c r y s t a l  d e t e c t o r s  and t i s s u e - e q u i v a l e n t  bone phan- 

t o m s  were developed a t  t h i s  l a b o r a t o r y .  Over t h e  p a s t  s e v e r a l  y e a r s  s i g n i f i -  

cant improvements i n  t h e  de t e rmina t ion  o f  bone d e p o s i t i o n  a c t i v i t i e s  have 

occurred a t  l a b o r a t o r i e s  throughout t h e  U.S. and Europe, l a r g e l y  due t o  inno- 

va t ive  c a l i b r a t i o n  e f f o r t s  i n i t i a t e d  b y  t h i s  I n s t i t u t e  (Co??, C081, C083, 

La68, Wr72). 

The method devised t o  r e s e a r c h  t h e s e  new d e t e c t o r  systems has been 

d i v i d e d  i n t o  two s t e p s .  A germanium system acquired b y  t h i s  l a b o r a t o r y  would 

allow f o r  f u l l - t i m e  r e s e a r c h  and development o f  c a l i b r a t i o n  and count ing pro- 

cedures f o r  t h e s e  systems. Computer programs w i l l  be compiled t o  demonstrate  

t h e  f e a s i b i l i t y  o f  t h e  methods developed. I n  con junc t ion  with t h i s  i n i t i a l  

s t e p ,  NYUMC r e s e a r c h  personnel  w i l l ,  w i t h  t h e  coope ra t ion  o f  DOE l a b o r a t o r i e s ,  

perform r e l a t e d  r e s e a r c h  and  development a t  DOE s i tes  and a s s i s t  l a b o r a t o r i e s  

i n  e s t a b l i s h i n g  c a l i b r a t i o n  and measurement methods f o r  bone d e p o s i t i o n s .  

Areas o f  s t u d y  us ing  t h e  germanium d e t e c t o r  a r r a y  w i l l  c o n c e n t r a t e  on determi- 

nation o f  human background, human background v a r i a t i o n ,  r a d i o n u c l i d e  d i s t r i b u -  

t i o n  and a s s o c i a t e d  i n t e r f e r e n c e s ,  mathematical  and measurement method 

development, and computer development f o r  t h e  measurement of t r a n s u r a n i c s  i n  

bone and o t h e r  organs.  

Determination o f  t h e  optimum d e t e c t i o n  system f o r  measurement o f  radionu- 

c l i d e s  i s  a f u n c t i o n  o f  t h e  f i g u r e  o f  merit. The h i g h e s t  value o f  t h e  f i g u r e  

of merit i n d i c a t e s  t h e  b e s t  measurement s y s t e m  a v a i l a b l e  f o r  t h e  s p e c i f i e d  

measurement c o n d i t i o n s .  Over t h e  p a s t  few y e a r s  more and more DOE labora-  

t o r i e s  have begun t o  a l t e r  t h e i r  in vivo measurement systems i n  an a t t empt  t o  

1 0 1 b 5 5 b  
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o p t i m i z e  t h i s  f i g u r e  of merit .  W h i l e  t h i s  o p t i m i z a t i o n  r e p r e s e n t s  a p p a r e n t  

improvement  i n  s e n s i t i v i t y ,  t h e r e  a re  s e v e r a l  p e c u l i a r i t i e s  c o n c e r n i n g  these 

newer i n  v i v o  measurement  s y s t e m s  w h i c h  h a v e  n o t  been  s t u d i e d .  C u r r e n t l y  ( o r  

w i t h i n  t h e  n s a r  f u t u r e )  a t  l e a s t  f o u r  m a j o r  DOE l a b o r a t o r i e s  a r e  r e p o r t e d  t o  

be u t i l i z i n b  these  newer -- i n  v i v o  d e t e c t o r s  fo r  r o u t i n e  measu remen t s  o f  DOE and  

DOE c o n t r a c t o r  p e r s o n n e l  w i t h o u t  a c o m p l e t e  f o r e k n o w l e d g e  o f  t h e  i n h e r e n t  

d i f f e r e n c e s  between these  newer  d e t e c t i o n  s y s t e m s  and  p r e v i o u s l y  u s e d  i n  v i v o  

m o n i t o r s .  The  p u r p o s e  of  t h i s  j u s t i f i c a t i o n  i s  t o  r e q u e s t  f u n d i n g  t o  o b t a i n  

t h e  n e c e s s a r y  e q u i p m e n t  t o  p e r f o r m  v i t a l  s t u d i e s  of  t h e s e  newer i n  v i v o  meas- 

u r e m e n t  s y s t e m s ,  p r o v i d e  c o m p a r i s o n  t o  s y s t e m s  used  i n  t h e  p a s t ,  q u a n t i t a t e  

d a t a  p e r t u r b a t i o n s  d u e  t o  a n t h r o p o m e t r i c  d i f f e r e n t i a t i o n  of i n t e r n a l l y -  

d e p o s i t e d  n u c l i d e s ,  and p r o v i d e  DOE l a b o r a t o r i e s  u t i l i z i n g  these newer s y s t e m s  

w i t h  m o d i f i c a t i o n  me thodo logy  a n d  s u p p l e m e n t a l  i n f o r m a t i o n  wh ich  c a n  be u s e d  

t o  a c c o u n t  f o r  d i f f e r e n t i a l  d e p o s i t i o n  and a n t h r o p o m e t r i c  v a r i a b i l i t y .  

-- 

-- 

FIGURE OF MERIT 

'rlhen c h o o s i n g  " t h e  best" d e t e c t i o n  s y s t e m ,  a q u a n t i t a t i v e  v a l u e  must  be 

d e t e r m i n e d  t o  a s s u r e  optimum s e n s i t i v i t y  f o r  t h e  c o m p l e t e  measu remen t  s y s t e m .  

T h i s  v a l u e  has b e e n  termed t h e  " f i g u r e  o f  merit" a n d ,  i n  v e r y  s i m p l e  terms, i s  

t h e  r a t i o  o f  t h e  t o t a l  s i g n a l  t o  t h e  o v e r a l l  v a r i a b i l i t y .  W i t h o u t  a n t h r o -  

pometric i n t e r f e r e n c e s ,  t h e  f i g u r e  of  merit c a n  be r e d u c e d  t o :  

S 
1 /2 C(S + B >  + B l  

where: S = s i g n a l  c o u n t s  and  

B = background c o u n t s .  

F o r  r a d i o a c t i v i t y  m e a s u r e m e n t s ,  t h e  n e t  s i g n a l  c o u n t  i s  e q u a l  t o  t h e  
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d e t e c t o r  e f f i c i e n c y  m u l t i p l i e d  by  t h e  number o f  d i s i n t e g r a t i o n s  b e i n g  meas- 

u r e d .  Thus ,  a s  t h e  n e t  s i g n a l  c o u n t  a p p r o a c h e s  t h e  background  c o u n t  f o r  a 

d e t e c t i o n  s y s t e m  ( i . e . ,  low d i s i n t e g r a t i o n  r a t e s ) ,  t h e  h i g h e s t  r a t i o  3 f  t h e  

e f f i c i e n c y  t o  t h e  background  v a r i a b i l i t y  w i l l  p r o v i d e  t h e  optimum f i g u r e  o f  

merit. T h i s  means t h a t  t h e  c a p a b i l i t y  o f  s p e c t r o m e t r y  s y s t e m s  ( a s  used  f o r  - i n  

v i v o  measurement )  t o  a c h i e v e  t h e  optimum f i g u r e  of  merit i s  c o r r e l a t e d  

d i r e c t l y  ( p r o p o r t i o n a t e l y )  w i t h  t h e  a b i l i t y  o f  t h e  d e t e c t o r  t o  p roduce  a s i g -  

- 

n i f i c a n t  peak  r i s e  a b o v e  t h e  con t inuum under  t h e  p e a k  ( b a c k g r o u n d ) .  

When a c o m p a r i s o n  i s  pe r fo rmed  be tween h i g h  r e s o l u t i o n  germanium a r r a y s  

and c o n v e n t i o n a l  in v i v o  d e t e c t o r s  t N a I ( T 1 )  o r  NaI-CsI(T1)l w i t h o u t  t a k i n g  

i n t o  a c c o u n t  a n t h r o p o m e t r i c  i n t e r f e r e n c e s ,  i t  i s  e a s i l y  p r o v e n  t h a t  germanium 

a r r a y s  p o s s e s s  s u p e r i o r  s e n s i t i v i t y .  However, t h e  f i g u r e  o f  merit ,  by d e f i n i -  

t i o n ,  r e q u i r e s  t h a t  t h e  s i g n a l  c o u n t  be d i v i d e d  by  t h e  o v e r a l l  v a r i a b i l i t y .  

T h i s  o v e r a l l  v a r i a b i l i t y  mus t  i n c l u d e  t h e  v a r i a b i l i t y  i n  c o u n t - r a t e  i n t r o d u c e d  

by t h e  s i z e  and s h a p e  of  t h e  human s u b j e c t  and t h e  d i s t r i b u t i o n  o f  r ad ionu-  

c l i d e s  w i t h i n  t h e  human s u b j e c t .  T h e r e f o r e ,  human v a r i a b i l i t y  must be t a k e n  

i n t o  a c c o u n t ,  a s  w e l l  a s  e f f i c i e n c i e s  and b a c k g r o u n d s ,  b e f o r e  f i n a l l y  select-  

i n g  an optimum in v i v o  measurement  s y s t e m .  

I N  V I V O  MEASUREMENT EXPERIENCE WITH G E R M A N I U M  A R R A Y S  -- 

P u b l i c a t i o n s  a d d r e s s i n g  t h e  p o s s i b l e  a d v a n t a g e s  and u s e s  of  germanium 

(Ge) d e t e c t o r s  for t h e  in measurement  o f  i n t e r n a l l y - d e p o s i t e d  r ad ionu-  

c l i d e s  c a n  be t r a c e d  b a c k  t o  1976. Oak Ridge N a t i o n a l  L a b o r a t o r y  ( O R N L )  was 

t h e  f i r s t  t o  p r e s e n t  p r e l i m i n a r y  s t u d i e s  u t i l i z i n g  Monte C a r l o  c a l c u l a t i o n s  t o  

p r e d i c t  e f f i c i e n c i e s  f o r  i n  v i v o  measurement  of  r a d i o n u c l i d e s  u t i l i z i n g  Ge 

d e t e c t o r s .  These s t u d i e s  showed t h a t  e f f i c i e n c i e s  u s i n g  Ge d e t e c t o r s  c o u l d  

v a r y  b y  o v e r  a f a c t o r  of lo2 depend ing  on d e t e c t o r  p o s i t i o n i n g  and s o u r c e  

l 0 1 b 5 5 8  
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d i s t r i b u t i o n .  

T h e  f i r s t  recorded use o f  Ge a r r a y s  f o r  r o u t i n e  vivo measurement o f  

r a d i a t i o n  workers s t a r t e d  i n  October 1976 a t  t h e  DOE Rocky F l a t s  P l a n t .  The 

d e t e c t o r s  were and s t i l l  a r e  used t o  measure in t e rna l ly -depos i t ed  radionu- 

c l ides ,  p r i n c i p a l l y  c o n s i s t i n g  of plutonium and americium i s o t o p e s .  When 

f i r s t  i n s t a l l - e d  i n  1976 t h e  system c o s t  approximately 91,000 d o l l a r s  and pro- 

v i d e d  a c a l c u l a t e d  lower l i m i t  o f  d e t e c t i o n  ( L L D )  of 0.19 n C i  o f  241Am f o r  an 

average s u b j e c t  who was counted f o r  approximately one-half hour.  Cur ren t  LLD 

va lues  f o r  241An us ing  NaI-CsI(T1) d u a l  c r y s t a l  d e t e c t o r s  a r e  approximately 

0.3 n C i .  Figure-of-merit c o n s i d e r a t i o n s  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  dynamic 

nature  o f  human source  geometr ies  were n o t  s t u d i e d  p r i o r  t o  implementation o f  

t h i s  s y s t e m ,  however measurements o f  LLD and r e l a t i v e  u n c e r t a i n t i e s  f o r  max- 

i m u m  p e r m i s s i b l e  lung  burden (MPLB) measurements were d e t e r m i n e d .  

I n  1977 a s i m p l i f i e d  comparison o f  LLD's between NaI d e t e c t o r s  and h igh  

p u r i t y  germanium (Ge) d e t e c t o r s  was publ ished.  The  Ge d e t e c t o r  was a fou r  

c r y s t a l  a r r a y  and t h e  s o u r c e  geometry c o n s i s t e d  of uranium i s o t o p e s  p l a t e d  

onto metal d i s k s  o f  u n s p e c i f i e d  s i z e .  T h i s  comparison a l s o  e s t i m a t e s  f o r  tis- 

sue a b s o r p t i o n  us ing  s i x  centimeters of  pressed wood and an inc reased  source- 

t o -de tec to r  d i s t ance .  Like t h e  1976 Monte Carlo s t u d i e s ,  these  s t u d i e s  on ly  

considered d e t e c t o r  e f f i c i e n c i e s  a s  a b a s i s  f o r  determining t h e  optimum detec- 

t o r .  

Later i n  1983, a summary was publ i shed  which descr ibed t h e  use o f  a Ge 

array f o r  r o u t i n e  in v ivo  measurement o f  s e v e r a l  d i f f e r e n t  r a d i o n u c l i d e s  

210Pb.  T h i s  s t u d y  determined d e t e c t i o n  i n c l u d i n g  238Pu, A m ,  14'Ce, and 24 1 

levels f o r  t h e s e  r a d i o n u c l i d e s ,  b u t  a s  w i t h  previous s t u d i e s  d i d  n o t  provide a 

s tudy o f  t h e  detector  s y s t e m ' s  f i g u r e  o f  merit. I n  a d d i t i o n ,  r e s u l t s  from t h e  
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2’8Pu measurements have been t h e  s u b j e c t  o f  con t rove r sy  f o r  s e v e r a l  reviewers  

of t h e  a r t i c l e .  S e q u e n t i a l  measurements performed using the  Ge a r r a y  during 

the f i r s t  15 days i n  which dynamic lung c l e a r a n c e  mechanisms a r e  most not ice-  

able  had t o  be summed i n  o r d e r  t o  make a f i n a l  de t e rmina t ion  of 23aPu c o n t e n t ,  

Since p u b l i c a t i o n  o f  t h i s  s t u d y ,  i t  has  a l s o  been revealed t o  s e v e r a l  

reviewers t h a t  s imultaneous measurements u t i l i z i n g  a Phoswich d e t e c t i o n  system 

resul ted i n  -- i n  vivo e s t i m a t e s  o f  238Pu which  were 2 t o  3 t imes  higher  than t h e  

f i n a l  e s t i m a t e  determined b y  t h e  Ge a r r a y .  Likewise,  t h e  Ge and Phoswich 

measurements exh ib i t ed  v a s t l y  d i f f e r e n t  r e t e n t i o n  f u n c t i o n s  over t h e  f i r s t  15 

days of measurement. These r e s u l t s  can be explained by t h e  f i r s t  ORNL s t u d y  

c i t e d  i n  t h i s  review. During t h e  f i r s t  15 days o f  -- i n  vivo measurement, 

dynamic a l t e r a t i o n s  o f  s o u r c e  d i s t r i b u t i o n  and q u a n t i t y  a r e  occurr ing and 

because o f  t h e s e  a l t e r a t i o n s  t h e r e  can be geometry e f f e c t s  which a r e  no t  

co r rec t ed  wnen u t i l i z i n g  a Ge a r r a y .  

Germanium a r r a y s  a r e  be ing  used  i n  s e v e r a l  DOE and o the r  nuclear  f a c i l i -  

t i e s  f o r  in vivo measurement o f  employees. T h e s e  f a c i l i t i e s  have high 

throughputs  o f  personnel  f o r  in measurement and subsequent ly  have minimal 

time and personnel  t o  f u l l y  i n v e s t i g a t e  new measurement systems. I n i t i a l  s t u -  

d i e s  do show promise f o r  Ge a r r a y  measurement systems based on d e t e c t i o n  l e v e l  

s t u d i e s  and f igure-of-meri t  de t e rmina t ions  u t i l i z i n g  simple count ing s t a t i s -  

t i c s .  Study o f  t h e  v a r i a t i o n s  encountered f o r  -- i n  vivo measurement d a t a  when 

d i f f e r i n g  r ad ionuc l ide  d i s t r i b u t i o n s  a r e  encountered have no t  been s t u d i e d ,  

nor has  an a p p r o p r i a t e  f i g u r e  o f  merit, t a k i n g  i n t o  account o v e r a l l  v a r i a b i l -  

i t y  o f  t h e  measurement, been considered.  Based on published information,  

extremely l i m i t e d  s t u d y  h a s  been performed on Ge a r r a y s  f o r  i n  - -  vivo measure- 

ment and y e t  t h e s e  s y s t e m s  a r e  r o u t i n e l y  b e i n g  u t i l i z e d  f o r  in vivo measure- 

ment o f  personnel .  It  i s  p r o j e c t e d  t h a t  t h e  use o f  t h e s e  systems, based on 
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t h e  l i m i t e d  number o f  s t u d i e s  t o  d a t e ,  w i l l  i n c r e a s e  s u b s t a n t i a l l y .  

E x t e n s i v e  s t u d i e s  o f  Ge a r r a y  measurement  s y s t e m s  a r e  n e c e s s a r y .  These  

s t u d i e s  s h o u l d  n o t  o n l y  determine t h e  a p p r o p r i a t e  f i g u r e  o f  merit f o r  these  

s y s t e m s  b u t  must  p r o v i d e  DOE l a b o r a t o r i e s  c u r r e n t l y  u t i l i z i n g  these  systems 

w i t h  me thods  fo r  p r o p e r  d a t a  i n t e r p r e t a t i o n .  S t u d y  o f  d i s t r i b u t i o n  e f f ec t s  i n  

bone,  l u n g ,  l i v e r ,  and o the r  i n t e r f e r i n g  o r g a n s  mus t  be  pe r fo rmed  i n  o rder  t o  

i n s u r e  p r o p e r  dose e s t i m a t e s  f o r  i n t e r n a l l y - d e p o s i t e d  r a d i o n u c l i d e s .  These 

s t u d i e s  mus t  be pe r fo rmed  by  a l a b o r a t o r y  t h a t  does n o t  h a v e  t h e  p r e s s u r e s  o f  

a r o u t i n e  in v i v o  measurement  program so  t h a t  a c o m p l e t e  and d e t a i l e d  s t u d y  

can  b e  p e r  formed.  

New York U n i v e r s i t y  Med ica l  C e n t e r ' s  I n s t i t u t e  o f  E n v i r o n m e n t a l  Med ic ine  

has t h e  e x p e r i e n c e  and f a c i l i t i e s  n e c e s s a r y  f o r  t hese  t y p e s  o f  s t u d i e s .  S i n c e  

t h e  I n s t i t u t e  i s  a n  e d u c a t i o n a l  and r e s e a r c h  f a c i l i t y ,  i t  i s  i d e ' a l l y  s u i t e d  

fo r  d e v e l o p m e n t a l  s t u d i e s  o f  Ge a r r a y s  w i t h o u t  t h e  p r e s s u r e s  o f  a r o u t i n e  - i n  

- v i v o  m o n i t o r i n g  program.  L i k e w i s e ,  b e i n g  p a r t  of t h e  U n i v e r s i t y ' s  Med ica l  

C e n t e r  p r o v i d e s  a c c e s s  t o  a n t h r o p o m e t r i c  m a t e r i a l s  which  w i l l  a l l o w  f o r  t h e  

p r o p e r  d e t e r m i n a t i o n  of human v a r i a b i l i t y  and  v a r i a b l e  r a d i o n u c l i d e  d i s t r i b u -  

t i o n s .  

S p e c i f i c a l l y ,  we p l a n  t o  d e v e l o p  background  e s t i m a t i o n  t e c h n i q u e s  f o r  t h e  

new germanium s y s t e m s  u s i n g  a t  l e a s t  50 human background s u b j e c t s .  These 

background e s t i m a t i o n  t e c h n i q u e s  w i l l  i n c o r p o r a t e  t h e  u n i q u e  P o i s s o n  c h a r a c t e r  

of t h e s e  s y s t e m s .  I n  a d d i t i o n ,  we p l a n  t o  e v a l u a t e  t h e  d e g r e e  of  i n t e r f e r e n c e  

o b s e r v e d  b y  t h e  new germanium s y s t e m s  d u e  t o  mul t i -o rgan  d i s t r i b u t i o n s  of 

a c t i n i d e  e l e m e n t s .  T h i s  p r o j e c t  w i l l  u t i l i z e  t h e  Humanoid Sys t ems  t h o r a x  

phantom and bone  phantoms d e v e l o p e d  a t  t h i s  I n s t i t u t e .  F i n a l l y ,  we w i l l  

d e r i v e  s t a t i s t i c a l  methods  and e q u a t i o n s  f o r  t h e  c o r r e c t  p r o p a g a t i o n  of  e r ror  
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t:, be used f o r  t h e  r e a l i s t i c  de te rmina t ion  o f  lower limits o f  d e t e c t i o n ,  

Thus, t h e  proposed r e s e a r c h  w i l l  provide an a c c u r a t e  de te rmina t ion  o f  t h e  f i g -  

ure of  merits f o r  germanium and NaI-CsI(T1) systems which t a k e  i n t o  account 

t h e  unique s t a t i s t i c a l  d i s t r i b u t i o n s  o f  each system. T h i s  f igure-of-merit  

study and a s s o c i a t e d  r e s e a r c h  w i l l  a s s i s t  l a b o r a t o r i e s  i n  d e f i n i n g  t h e  proper 

counting s y s t e m  f o r  v a r i o u s  i n  vivo measurement a p p l i c a t i o n s .  

Development of 5 S p e c t r a l  L i b r a r y  f o r  Low Energy Photon Emitters 

I n t r o d u c t i o n  o f  h i g h  r e s o l u t i o n  Ge a r r a y s  f o r  t h e  in msasurement o f  

low energy photon emit ters  h a s  r e su l t ed  i n  d i s p l a y  of  r a r e l y  seen s p e c t r a l  

l ines.  Whi le  t h e s e  s p e c t r a l  l i n e s  a r e  desc r ibed  i n  t a b l e s  o f  i s o t o p e s ,  l i t t l e  

graphic  information ex i s t s  f o r  i n  v ivo measurements. T h i s  I n s t i t u t e  has ,  and 

cont inues t o  c o n s t r u c t ,  a r a d i o n u c l i d e  l i b r a r y  which provides  s p e c t r a l  p l o t s  

and using dua l  

c r y s t a l  d e t e c t o r s  [NaI-CsI(Tl)J.  T h i s  l i b r a r y  has  been publ i shed  i n  N Y U M C  

t echn ica l  d a t a  f o r  low energy  photon emitters measured in 

progress  r e p o r t s  i n  an e f fo r t  t o  a s s i s t  o t h e r  l a b o r a t o r i e s  i n  i d e n t i f y i n g  unk- 

nown s p e c t r a .  Equiva len t  i n f o r m a t i o n  does no t  e x i s t  f o r  in measurement 

of low energy photon s p e c t r a  u s i n g  Ge a r r a y  systems. As an a i d  t o  labora- 

t o r i e s  employing these  new d e t e c t i o n  systems f o r  t h e  r o u t i n e  -- i n  v ivo  measure- 

ment o f  pe r sonne l ,  and a s  a p a r t  o f  t h e  r e s e a r c h  performed a t  t h i s  l a b o r a t o r y ,  

a low energy s p e c t r a l  l i b r a r y  f o r  2 measurement w i l l  be developed for Ge 

a r r a y  systems. These s p e c t r a  w i l l  d i s p l a y  t h e  unique energy l ines  encountered 

when using Ge a r r a y s  f o r  i n  v ivo  measurement o f  r a d i o n u c l i d e s  which emit low 

energy photons and m u l t i p l e  X-rays. I n  a d d i t i o n ,  t e c h n i c a l  d a t a  f o r  each 

n u c l i d e  w i l l  be a t t a c h e d  t o  s p e c t r a l  p l o t s  i n  o rde r  t o  provide  a s i n g l e  source 

of t e c h n i c a l  i n fo rma t ion  for t h e  i n  vivo measurement o f  low energy photon 

em it t e  r s . 
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Determinat ion - of Environmental Exposures t o  Radon Progeny U s i n g  

urements 

Meas- 

The s u c c e s s f u l  use o f  210Pb s k e l e t a l  b u r d e n s  as a means o f  e s t i m a t i n g  t h e  

lung dose from t h e  cumulat ive exposure t o  s h o r t - l i v e d  radon progeny was f i r s t  

demonstrated w i t h  i n  vivo measurements o f  U.S. uranium miners i n  1967 ( E i 6 9 ) .  

New York Universi ty  Medical Center was t h e  f i r s t  r e s e a r c h  f a c i l i t y  t o  propose 

the -- i n  v ivo measurement of  210Pb t o  be performed along w i t h  t h e  bioassay o f  

*loPo a s  a means of d e r i v i n g  t h e  t o t a l  s k e l e t a l  con ten t  o f  t h e s e  n u c l i d e s  

which a r e  subsequent ly  employed t o  d e r i v e  a cumulat ive lung dose.  T h i s  tech-  

nique was f i r s t  made p o s s i b l e  b y  t h e  development o f  t h e  d u a l  c r y s t a l  

(Phoswich) d e t e c t o r  which s u p p r e s s e s  t h e  m a j o r i t y  o f  t h e  Compton background i n  

t h e  low energy region o f  t h e  photon spectrum, and allows f o r  t h e  measurement 

of t h e  47 keV photon emit ted b y  210Pb.  Based on t h i s  methodology, i t  i s  

est imated an amount o f  210Pb e q u i v a l e n t  t o  a cumulative exposure o f  300 

Working Levels Months (WLM) of radon progeny exposure can be de t ec t ed  w i t h  t h e  

dual  c r y s t a l  technology. 

t h a t  

N e w  hyperpure germanium (HPGe) a r r a y s  a r e  beginning t o  supplement t h e  

dual  c r y s t a l  technology i n  many l a b o r a t o r i e s .  It i s  est imated and has been 

shown b y  Palmer -- e t  a l .  (Pal841 t h a t  t h e  HPGe a r r a y s  a r e  more s e n s i t i v e  

(op t ima l ly  b y  a f a c t o r  o f  2 )  t han  t h e  Phoswich system i n  measuring 210Pb 

s k e l e t a l  burdens. T h i s  would i n c r e a s e  c a p a b i l i t i e s  t o  measure cumulat ive 

radon exposdre l e v e l s  by a f a c t o r  of  2,  t o  approximately 150 WLM. Other t han  

t h e  few measurements performed by Palmer,  no r e s e a r c h  o f  t h i s  new technology 

f o r  t h e  measurement o f  low leve ls  o f  radon progeny exposure has  been per- 

formed. I n  a d d i t i o n ,  e x i s t i n g  HPGe systems a re  l i m i t e d  i n  a v a i l a b l e  time f o r  

t h e  o f  210Pb s k e l e t a l  burdens due t o  commitments t o  perform r o u t i n e  

- 

r e s e a r c h  
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s u r v e i l l a n c e  o f  l a b o r a t o r y  personnel contaminat ion.  

The HPGe a r r a y  d e t e c t i o n  system w i l l  be an e x c e l l e n t  system f o r  monitor- 

ing env i ronaen ta l  exposures  t o  radon progeny i n  homes known t o  con ta in  

elevated l e v e l s  of  radon and radon progeny. Recent newspaper a r t i c l e s  i n  t h e  

no r theas t e rn  p o r t i o n  o f  t h e  country have been r e p o r t i n g  l e v e l s  o f  radon pro- 

geny a s  high a s  10 t o  15 WL i n  homes b u i l t  over t h e  Reading Prong. The Read- 

i n g  Prong i s  a g e o l o g i c a l  Precambrian s t r u c t u r e  ( c o n s i s t i n g  of s c h i s t s  and 

g r a n i t e  g n e i s s e s )  i n  t h e  n o r t h e a s t  which c o n t a i n s  e l e v a t e d  uranium d e p o s i t s  

and extends from s o u t h e a s t e r n  p o r t i o n s  o f  New York S t a t e  i n t o  New Je r sey  and 

Pennsylvania. Assuming an i n d i v i d u a l  spends 50% of t h e i r  t ime i n s i d e  a house 

w i t h  10-15 WL, a cumulat ive exposure of 250 WLM w i l l  occur a f t e r  one year of 

r e s idence .  While t h i s  exposure l e v e l  i s  t o o  low t o  d e t e c t  using dual  c r y s t a l  

d e t e c t i o n  systems, i t  i s  f a r  above t h e  e s t ima ted  lower limits o f  d e t e c t i o n  f o r  

t h e  HPGe d e t e c t i o n  system. 

I f  c u r r e n t  e s t i m a t e s  a r e  c o r r e c t ,  t h e  HPGe s y s t e m  proposed i n  t h i s  s tudy 

will al low f J r  t h e  measurement of  cumulat ive exposures  t o  environmental  l e v e l s  

o f  radon progeny. T h i s  h a s  f a r  r each ing  i m p l i c a t i o n s  r e l a t i v e  t o  being a b l e  

t o  determine t h o s e  i n d i v i d u a l s  who have i n c u r r e d  e l e v a t e d  exposures t o  radon 

progeny through t h e i r  n a t u r a l  environment. 

The r e s e a r c h  performed a t  t h i s  I n s t i t u t e  p rov ides  a t r a i n i n g  cen te r  f o r  

personnel which e v e n t u a l l y  e n t e r  t h e  nuc lea r  f i e l d .  Many o f  t h e  g radua te s  o f  

t h i s  program c u r r e n t l y  work a t  DOE f a c i l i t i e s  and have provided s i g n i f i c a n t  

accomplishments i n  t h e  nuc lea r  f i e l d .  There a r e  v e r y  few i n s t i t u t i o n s  capable  

o f  providing t r a i n i n g  f o r  t h e  in vivo measurement o f  low energy,  photon- 

e m i t t i n g  r a d i o n u c l i d e s ,  and t h i s  I n s t i t u t e  i s  one o f  t h e s e  t r a i n i n g  c e n t e r s .  

A l is t  o f  s t u d e n t s  which have been d i r e c t l y  o r  i n d i r e c t l y  supported by t h i s  
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research and t h e  e q u i p m e n t  m a i n t a i n e d  by  t h i s  r e s e a r c h  i s  p r o v i d e d  i n  Table 2.  

SIGNIFICANT PAST ACCOMPLISHHENTS 

Some of  t h e  most  s i g n i f i c a n t  a c c o m p l i s h m e n t s  wh ich  h a v e  r e s u l t e d  from t h e  

c o n t i n u i n g  s u p p o r t  o f  our r e s e a r c h  e n d e a v o r s  i n  t h i s  a r e a  i n c l u d e :  

1 )  'The o r i g i n a l  d e s i g n  o f  t h e  d u a l  c r y s t a l  [NaI-CsI(Tl)I  detector which pro- 

v i d e s  f o r  low-background,  h i g h - e f f i c i e n c y  d e t e c t i o n  o f  p h o t o n s  w i t h  ener- 

g i e s  below 150 keV. 

2 )  Development  o f  c a l i b r a t i o n  s t r u c t u r e s  f o r  b o n e - s e e k i n g  n u c l i d e s  which 

have  d z p o s i t e d  i n  o r  on t h e  s k u l l ,  t h o r a x  and k n e e  ( p a t e l l a  and e n d s  o f  

t h e  f e m u r ,  t i b i a  and f i b u l a )  areas .  These  phantoms h a v e  b e e n  employed by 

s e v e r a l  l a b o r a t o r i e s  w h i c h  a r e  r e s p o n s i b l e  for  t h e  r o u t i n e  measurement  o f  

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

3 )  Development  o f  a me thodo logy  f o r  d e t e r m i n i n g  t h e  c o n t r i b u t i o n  of  m a t e r i a l  

which h a s  d e p o s i t e d  i n  t h e  t h o r a c i c  s k e l e t o n  t o  m a t e r i a l  which may b e  

p r e s e n t  i n  t h e  l u n g .  T h i s  c o r r e c t i o n  i s  e s s e n t i a l  f o r  c a l c u l a t i o n  of t h e  

correct  r a d i a t i o n  d o s e  which h a s  b e e n  d e l i v e r e d  t o  t h e  l u n g .  

4 )  Development  o f  a n  optimum c o n f i g u r a t i o n ,  e .g., u s i n g  t h ree  Phoswich 

d e t e c t o r s ,  fo r  d e t e r m i n i n g  t h e  amount o f  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  

s k u l l  b o n e s .  

5 )  D e t e r m i n a t i o n  of  b o t h  low and h i g h  e n e r g y  p h o t o n - e m i t t i n g  n u c l i d e  contam- 

i n a t i o n  b y  a t e c h n i q u e  whereby s i g n a l s  a r e  s i m u l t a n e o u s l y  removed from 

bo th  t h e  C s I ( T 1 )  and t h e  NaI(T1)  ( i n  c o i n c i d e n c e  w i t h  t h e  CsI) from t h e  

same d e t e c t o r .  By t h i s  t e c h n i q u e  i t  i s  p o s s i b l e  t o  make b o t h  h i g h  and 

low e n e r g y  m e a s u r e m e n t s  i n  t h e  same g e o m e t r y ,  s i m u l t a n e o u s l y ,  w i t h o u t  t h e  
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requirement  f o r  a d d i t i o n a l  measurement t ime o r  r e p o s i t i o n i n g .  

6) 

7 )  

8) 

Development o f  a l e a s t - s q u a r e s  r e g r e s s i o n  computer program f o r  a n a l y s i s  

of low energy measurements o f  mixed nuc l ides  i n  man. 

CompilatLon of a l i b r a r y  o f  impor tan t  r a d i o n u c l i d e s  which a r e  r o u t i n e l y  

measured us ing  t h e  dua l  c r y s t a l  d e t e c t o r .  These i n c l u d e  t h e  major 

a c t i n i d e s  and a l k a l i n e - e a r t h  m a t e r i a l s  and inc ludes  impor tan t  information 

regard ing  s p e c t r a l  shape f o r  p o i n t  m u r c e  v s .  m a t e r i a l  homogenously d i s -  

t r i b u t e d  i n  t h e  l ung ,  a s  wel l  a s  decay scheme and important  s p e c t r a l  

c h a r a c t e r i s t i c s  f o r  each  nuc l ide .  

Development o f  a mat r ix  c a l c u l a t i o n  method which al lows f o r  t h e  s imul-  

taneous de te rmina t ion  o f  r a d i o n u c l i d e  c o n t e n t  w i t h i n  any number o f  speci-  

f i e d  organs.  T h i s  methodology i s  e a s i l y  computed, a l lows f o r  t h e  separa- 

t i o n  o f  organ a c t i v i t i e s  in vivo,  and provides  a b a s i s  f o r  d i r e c t  com- 

par i son  of measured organ b u r d e n s  w i t h  i n t e r n a l  dose s t anda rds .  

The above accomplishments i n  c r y s t a l  development and count ing methodology 

have r e s u l t e d  i n  t h e  fo l lowing  impor tan t  a p p l i c a t i o n s :  

1. 

2. 

3 .  

Determination o f  organ s p e c i f i c  a c t i v i t i e s  and follow-up o f  many inadver- 

t e n t  a c t i n i d e  exposures  i n  man. 

Use of  210Po i n  uranium miner s k e l e t a l  t i ssues  t o  e s t ima te  d e p o s i t i o n s  i n  

ske le ton  and cumulat ive lung doses  from 222Rn daughters .  

Comparison o f  human i n  v ivo  d a t a  wi th  nonhuman primate measurements a f t e r  

exposure t o  s i m i l a r  chemical and phys ica l  i so tope  forms. 
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TABLE 1 

Phoswich and Ger.anium Detec t ion  S v s t e m s  U t i l i z e d  a t  

Labora to r i e s  f o r  T n  Vivc  3easurement of Low-Energy 

Photon-Emit t i n g  Contaminant s 1  

United S t a t e s  Labora to r i e s  

Arponne Nat iona l  Laboratory 

Bat te l le  P a c i f i c  Northwest Labora to r i e s  

Idaho Nat iona l  Ecology Laboratory 

Lawrence Livermore Nat iona l  Labora to r i e s  

Los Alamos Na t iona l  Laboratory 

Found Labora to r i e s  

New York Un ive r s i ty  Medical Center 

Oak Ridge Nat iona l  Labora to r i e s  

Reynolds E l e c t r i c a l  & Engineering Co. 

Rocky F l a t s  P l an t  

Savannah River  P lan t  

Un ive r s i ty  of P i t t s b u r g h  

For eien Labor a t  o r  ies 

Type(s)  of System(s)  Used 
NaI-CsI (Tl) - Ge 

X 

X X 

X X 

X 
X 

X 

X 
X 
X 

X 
X 
X 

X 

X 

X 

Atomic Energy Establ ishment  (England ) X 

Atomic Energy Research Establ ishment  (England) 

Centre  d 'Etudes Nuclea i res  (France) 

Comissao Nat iona l  de  Energia N u c l e a r  ( B r a s i l )  
Dept. of Na t iona l  Heal th  & Welfare,  Radia t ion  

P r o t e c t i o n  Div i s ion  (Canada) 

X 

X 

Environmental Rad ioac t iv i ty  Laboratory,  CNEN-CSN 

( I t a l y )  X 

Physics  D i v i s i o n  ( I n d i a )  X 

Bhabha Atomic Research Center Hosp i t a l ,  Heal th  

This  d a t a  w a s  c o l l e c t e d  from t h e  s c i e n t i f i c  l i t e r a t u r e  and personal  
communications and may, t h e r e f o r e ,  no t  r e p r e s e n t  a complete account of 
t h e  types  of  d e t e c t i o n  systems u t i l i z e d  by t h e s e  l a b o r a t o r i e s .  
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TABLE 2 

S t u d e n t s  Who P a v e  R e c e i v e d  Advanced D e g r e e s  f rom 

New York U n i v e r s i t y  r i e d i c a l  C e n t e r  i n  t h e  L a s t  10 Years 

a s  a D i r e c t  o r  I n d i r e c t  R e s u l t  

of R e s e a r c h  Using  I n  Vivo C o u n t i n g  S y s t e m s  

Raymond C u i l m e t t e  

Henry S p i t z  - 

Thomas Lo S a s s o  

James Yeton 

Mark Y a i e l l o  
rn 

Lowel l  Ralston 1 
David Hickman - 

* To b e  awarded.  



Estimated Cost and Budget 

Hvperpure Germanium (HPGe) Array 

Detection System-Cost Breakdown* 

$96,900 1) 10 ea. Nodel GLP-36490/05 HP Ge Detectors ($9,690 ea.) 

2 )  10 ea. Model 4 7 2  Ortec Spec. Amps ($1,125 ea.) 11,250 

3)  2 ea. Model 4001C/4002A Nim Bin and Power-Supply 
( $ 8 4 0  ea.) 1,680 

4)  3 ea. Model  4 3 3 A  Dual Sum and Invert Amps ($295 ea.) 885 

5 )  1 ea. Model 47,8 2 kV Bias Supply ($745 ea.) 745 

6 )  1 ea. Automated Liquid Nitrogen Transfer and Fill 
System ($10,000 ea.) 10,000 

7 )  1 &a. Model Ortec ADCAM MCA 150 Multichannel 
Analyzer ($10,000 ea.) 10,000 

Sub t o t a1 $131,460 

8) Service Contract 

9) Installation 

10) Building Renovation 

$8,000 

5,000 

10.000 

Sub t o t a1 $23,000 

Grand Total $ 1 5 4 , 4 6 0  

. 

* Note that the $8,000 cost of the EG&G Ortec Service Contract 
will be assumed by our National Institute of Environmental Health 
Sciences Center Grant # ES 00260, whereas $15,000 in installation 
and renovation charges will be supplied by the New York University 
Medical Center as a cost-sharing contribution. 

I 



Curriculum Vi t ae  

Educat ional  Background: 

Employment: 

Professor  and D i r e c t o r ,  Laboratory of  Radio logica l  S t u d i e s ,  New York Univer- 
s i t y  Medical Center ,  Tuxedo, New York (9/84-present)  

Employment Descr ip t ion :  

Tsaching and r e sea rch  i n v e s t i g a t o r  f o r  va r ious  s t u d i e s  involved w i t h  
rad iobio logy ,  rad iochemis t ry  and r a d i a t i o n  phys ic s  of  t h e  b i o k i n e t i c s ,  meta 
bolism and toxico logy  of t h e  heavy meta ls  -- c u r r e n t  in te res t :  Pb-210, Po-2 
Am-241, Pu-238/239, Cm-243/244, Th-232/230/228, Np-237/239, Pa-233, Ra-226, 
Fe-55, v a r i o u s  e s s e n t i a l  t r a c e  me ta l s  and s t a b l e  l ead  i n  man and nonhuman p 
mates. 

0, 

i- 

Present Fede ra l  Government P u b l i c  Advisory Committees: 

Nat ional  Academy of Sc iences ,  Nat iona l  Research Counci l ,  Member, Uranium M i l l  
T a i l i n g s  Study Panel (1984) .  

b- 
National  Counci l  on Radia t ion  P r o t e c t i o n  and Measurements ( N C R P ) ,  Chairman, 
Task Group on Xenon I s o t o p e s  i n  t h e  Atmosphere 
S i g n i f i c a n c e ,  and Control  Technology (SC-38) (1982-present) .  

- Accumulation, Bio logica l  

Nat ional  Council  on Radiat ion P r o t e c t i o n  and Measurements ( N C R P ) ,  Member, Task 
Group on Neptunium (SC-57) (1982-present) .  

Pub l i ca t ions :  

Cohen, N . ,  T .  Jaakkola  and M.E. Wrenn, "Lead-210 Concent ra t ions  i n  t h e  Bone, 
Blood and Excreta  o f  a Former Uranium Miner," Heal th  Phys .  24: 601-609 (1973) .  - 
Cohen, N . ,  H.B. S p i t z  and M.E. Wrenn, l rEst imat ion o f  S k e l e t a l  Burden of 
'Bone-Seeking' Radionucl ides  i n  Man from In 
t h e  Head," Heal th  Phys. 33: 431-441 (1977).  

S c i n t i l l a t i o n  Measurements of 

Cohen, N . ,  T. LoSasso and M.E. Wrenn, "Metabolism of 241Am i n  Man: An Unusual 
Case of  I n t e r n a l  Contamination of  a C h i l d  and H i s  Fa the r , "  Sc ience  206 ( 4 4 1 4 ) :  - 
54-66 ( 1979 1. 

Cohen, N . ,  T .  Lo Sasso and W. Lei, 1'Xenon-133,135 I n t e r f e r e n c e  wi th  I n  Vivo 
Low-Energy Measurement Systems," H e a l t h  P h y s .  38: 416-419 (1980) .  

-- 
- 

Cohen, N., J.W. Neton, D.P. Hickrnan and N. Simon, " I n  Vivo Measurement o f  
Radon Seed Implants ,"  Hea l th  Phys. 49(1) :  169, WAM-D4 (1985). - -  



Curriculum Vitae 

Employment: New York Univ., Dept. Environmental Medicine 
550 First Avenue, N.Y., N.Y. 10016 Sept. '59 - present 

Position: Research Professor, 1983 - present 

Research Areas: Design/application of systems and techniques for & 
detection and measurement of radionuclides in man; design/application of 
XRF systems for analysis of stable elements in the environment and man. 

Publications 

1. Laurer, G.R., M. Eisenbud, and N. Cohen, A Detection System for the Locali- 
zation Measurement In Vivo of Small Amounts of Photon Emitters, Proc. of 
the Workshop on Measurement of Heavy Elements In m, Battelle Seattle 
Research Center , June 24-25, 1976,  BNWL-2099/UC-4 1 ,  pp. 207-2 'I 8 (Sept. 1976). 

and -- - -  - 

2. Laurer, G . R .  and M. Eisenbud, A Multicrystal Detection System for Localiza- 
tion and Measurement of Photon Emitters Without External Collimation, Nuclear 
Instruments Methods 140: 481-487 (1977). 

_I_ 

3. Laurer, G.R., T.E. Rahon, N. Cohen, and Z. Hu, A Detection System for the 
Localization and Measurement of Small Amounts of Photon Emitters, Health Phy- 
sics 43: 128-129, P/155 (1982). -- 
4. Laurer, G.R., T.E. Rahon and M. Eisenbud, A Gamma-Ray Detection and Imaging 
System f o r  Remote. Decontamination and Decommissioning, Trans. of the American 
Nuclear Society 46: 790 (1 984). - -- - 
5. Laurer, G.R., N. rjqhen, M. Eisenbud and I. Sekersky, Pharmacokinetic Stu- 
dies by In Vivo C Bremsstrahlung Detection, Health Physics 9: 178, Abs. 
WPM-C4 ( 1  9 s )  

- 

I O l b 5 1 4  
December 3 ,  1985 



OHB COYTROI. % O .  1910-0400 

L.S. DEPARTMENT OF ENERGY 

ASSURANCE OF COMPLIANCE 

Nondiscrimination in Federally Assisted Programs 

(Hereinafter called the “Applicant”) 
(Name of Applicant) 

HEREBY AGREES to comply with Title VI of the Civil Rights Act of 1964 (Pub. L. 88-352), 
Section 16 of the Federal Energy Adminstration Act of 1974 (Pub. L. 93-275), Section 401 of 
the Energy Reorganization Act of 1974 (Pub. L. 93-438), Title IX of the Education Amend- 
ments of 1972, as amended, (Pub. L. 92-318, Pub. L. 93-568, and Pub. L. 94-482), Section 504 
of the Rehabilitation Act of 1973 (Pub. L. 93-112), the Age Discrimination Act of 1975 (Pub. L. 
94-135), Title VI11 of  the Civil Rights Act of 1968 (Pub. L. 90-284), the Department of Energy 
Organization Act of 1977 (Pub. L. 95-91), and the Energy Conservation and Production Act of 
1976, as amended, (Pub. L. 94-385). In accordance with the above laws and regulations issued 
pursuant thereto, the Applicant agrees to  assure that no  person in the United States shall, on the 
ground of race, color, national origm, sex, age, or handicap, be excluded from participation in, be 
denied the benefits of, or be otherwise subjected to discrimination under any program or activity 
in which the Applicant receives Federal assistance from the Department of Energy. 

Applicability and Period of Obligation 

In the case of any service, financial aid, covered employment, equipment, property, or structure 
provided, leased, or improved with Federal assistance extended to the Applicant by the Depart- 
ment of Energy, this assurance obligates the Applicant for the period during which Federal assis- 
tance is extended. In the case of any transfer of such service, financial aid, equipment, property, 
or structure, this assurance obligates the transferee for the period during which Federal assistance 
is extended. If any personal property is so provided, this assurance obligates the Applicant for the 
period during which it retains ownership or possession of the property. In all other cases, this 
assurance obligates the Applicant for the period during which the Federal assistance is extended 
to  the Applicant by the Department of Energy. 

Employment Practices 

Where a primary objective of the Federal assistance is t o  provide employment or where the 
Applicant’s employment practices affect the delivery of services in programs or activities resulting 
from Federal assistance extended by the Department, the Applicant agrees not to  discriminate on 
the ground of race, color, national origm, sex, age, or handicap, in its employment practices. 
Such employment practices may include, but are not limited to ,  recruitment, recruitment adver- 
tising, hiring, layoff or termination, promotion, demotion, transfer, rates of pay, training and 
participation in upward mobility programs, or other forms of compensation and use of facilities. 

Subrecipient Assurance 

The Applicant shall require any individual, organization, or other entity with whom it sub- 
contracts, subgrants, or subleases for the purpose of providing any service, financial aid, equip- 
ment, property, or structure to comply with laws cited above. To this end, the subrecipient shall 
be required to  sign a written assurance form, however, the obligation of both recipient and 
subrecipient to ensure compliance is not  relieved by the collection or submission of written 
assurance forms. 

I 
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Data Collection and Access to Records 

The Applicant agrees to compile and maintain information pertaining to  programs or activities 
developed as a result of the Applicant's receipt of Federal assistance from the Department of 
Energy. Such information shall include, but is not limited to, the following: (1) the manner in 
which services are or will be provided and related data necessary for determining whether any 
persons are or will be denied such services on the basis of prohibited discrimination; (2 )  the 
population eligible to be served by race, color, national ongin, sex, age and handicap; (3) data 
regarding covered employment including use or planned use of bilingual public contact employ- 
ees serving beneficiaries of the program where necessary to  permit effective participation by 
beneficiaries unable to speak or understand English; ( 4 )  the location of existing or proposed 
facilities connected with the program and related information adequate for determining whether 
the location has or will have the effect of unnecessarily denying access to  any person on the basis 
of prohibited discrimination; ( 5 )  the resent or proposed membership by race, color, national 

program; and ( 6 )  any additional written data determined by the Department of Energy to be 
relevant to its obligation to assure compliance by recipients with laws cited in the first paragraph 
of this s u r a n c e .  

origin, sex, age and handicap, in any p P anning or advisory body which is an integral part of the 

The Applicant agrees to submit requested data to the Department of Energy regarding programs 
and activities developed by the Applicant from the use of Federal assistance funds extended by 
the Department of Energy. Facilities of the Applicant (including the physical plants, buildings, or 
other structures) and all records, books, accounts, and other sources of information pertinent t o  
the Applicant's compliance with the civil rights laws shall be made available for inspection during 
normal business hours on request of an officer or employee of the Department of Energy specif- 
ically authorized to make such inspections. Instructions in this regard will be provided by the 
Director, Federally Assisted Programs Division, Office of Equal Opportunity, U.S. Department 
of Energy. 

This assurance is given in consideration of and for the purpose of obtaining any and all Federal 
grants, loans, contracts (excluding procurement contracts), property, discounts or other Federal 
assistance extended after the date hereto, to the Applicant by the Department of Energy, includ- 
ing installment payments on account after such date of application for Federal assistance which 
are approved before such date. The Applicant recognizes and agrees that such Federal assistance 
wil l  be extended in reliance upon the representations and agreements made in this assurance and 
that the United States shall have the right to  seek judicial enforcement of this assurance, This 
assurance is binding on the Applicant, its successors, transferees, and assignees, as well as the 
person whose signature appears below and who is authorized to  sign this assurance on behalf of 
the Applicant. 

December 4 ,  1985 New York U n i v e r s i t v  Efedical Cen te r  

5 \Ip(-li r- 
(Name of Applicant) 
3 0  First Avenue 

(Address) -I 

(Date) 

New York, N.Y. 10016 -- 
(Authorized Offici&) 

(212 340-6702 
(Applicant's Telephone Number) 

"U.S. GOVERNMENT PRINTING OFFICE: 1985-bCl-ZC9:2?171 
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