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Crook, J . ,  Washburn, L. ,  Sun, T., Byrd, B . ,  B r i l l ,  A. ,  Kubota, K . ,  Bennett ,  G o ,  Zanzi, I . ,  
and Yeh, S. 
D- and L-enantiomers of  I lC-val ine i n  t h e  evaluat ion of panc rea t i c  adenocarcinoma. 
Dig. D i s .  Sc i .  30:968, 1985. 

Washburn, L.C. and Car l ton ,  J .E .  
A modified Limulus l y s a t e  technique f o r  r o u t i n e  pyrogen t e s t i n g  of gallium-68 EDTA. 
33rd Annual Meeting, Society of  Nuclear Medicine, Washington, D.C. (submitted) 

20c. 

The purpose of t h i s  t a s k  is  t o  apply nuc lea r  imaging techniques t o  the t e s t i n g  of 
radiopharmaceut icals  for d i a g n o s t i c  and physiologic s t u d i e s  i n  p a t i e n t s  with 
g a s t r o i n t e s t i n a l ,  r e s p i r a t o r y  t r a c t  and cardiovascular  d i seases .  This program focuses 
l a r g e l y  on two a r e a s  i n  nuc lea r  medicine,  (1) Pos i t ron  Emission Tomography (PET) w i t h  
pos i t ron -emi t t i ng  radiopharmaceut icals ,  and ( 2 )  computer a p p l i c a t i o n s  i n  image ana lys i s .  
During t h e  pas t  decade emphasis was placed on d i agnos t i c  and research a p p l i c a t i o n s  of  
l lC-labeled amino a c i d s  f o r  t h e  s tudy  of neop las t i c  d i s e a s e s ,  p a r t i c u l a r l y  of t he  bra in  &nd 
pencreas .  Elore r e c e n t l y ,  t h e  a r e a  of i n t e r e s t  has been expanded t o  include the 
ca rd iovascu la r  system as w e l l  as v a s c u l a r  abnormali t ies  of  t he  c e n t r a l  nervous system. 
Cyclotron-independent r ad ionuc l ides  such as 68Ga, 64Cu, and 18F are being invest igated f o r  
p o t e n t i a l  a p p l i c a t i o n s  i n  r e sea rch  and d i a g n o s t i c  PET imaging. This  r o u t e  i s  being u t i l i z e d  
and emphasized as a means of r e p l a c i n g  c l i n i c a l  research which had previously u t i l i z e d  l l C  
produced by the  Brookhaven Nat ional  Laboratory ( B m )  cyclotron.  N e w  radiopharmaceuticals 
showing p o t e n t i a l  i n  p r e c l i n i c a l  i n v e s t i g a t i o n s  a r e  t e s t e d  i n  humans through Phase I and 11 
pharmacological and c l i n i c a l  e f f i c a c y  s tud ie s .  I n  conjunct ion with the  Phase I and I1 
s t u d i e s ,  iaprovement i n  computer a p p l i c a t i o n s  and the  development of software programs f o r  
PET imaging f o r  q u a n t i t a t i v e  non-invasive s t u d i e s  of organ or t i s sue  (tumor) function ;re 
car r ied  out .  

The long range o b j e c t i v e s  of t h i s  t a s k  a r e  (1) t o  refocus and expand the  p o s i t r o n  tonography 
program and make i t  less dependent on t h e  a v a i l a b i l i t y  of a l o c a l  cyc lo t ron  through the 
development of radiopharmaceut icals  labeled with reactor-produced or generator-produced 
p o s i t r o n  e m i t t e r s ,  ( 2 )  t o  apply newly i d e n t i f i e d  positron-emitt ing radiopharmaceuticals f o r  
t h e  s tudy  and d i agnos i s  of neoplasms and d i s e a s e s  of the  pancreas ,  lung, b r a i n ,  and 
c a r d i o v a s c u l a r  s y s t e m ,  and ( 3 )  t o  f u r t h e r  develop PET a s  a research and c l i n i c a l  too l  
through improving computer a p p l i c a t i o n s  f o r  image a n a l y s i s  and q u a n t i t a t i o n  of PET da te .  
The g o a l  of t h i s  basic  r e sea rch  i s  t h e  development of new d i a g n o s t i c  procedures for use i n  
nuc lear  medicine . 
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Progress  FY-85 and FY-86 

Th i s  p r o j e c t  includes Phase I and Phase I1 t e s t i n g  of  positron-emitt ing radiopharmaceut icals  
u s ing  PET technology. I n  the  p a s t  t h i s  p ro jec t  has r e l i e d  heavily on t h e  ORNL 86-inch 
c y c l o t r o n  which is  no longer a v a i l a b l e  f o r  our u s e .  Thus, cont inuat ion o f  t h e  llC-labeied 
amino a c i d / p o s i t r o n  tonography c l i n i c a l  i n v e s t i g a t i o n s  i n  p a t i e n t s  with p a n c r e a t i c  cancer 
was c a r r i e d  o u t  through c o l l a b o r a t i v e  arrangements with the Nuclear Medicine Department of  
Brookhaven National Laboratory ( B N L ) .  P a t i e n t s  were r e fe r r ed  f o r  t h i s  p r o j e c t  from the  
Sloan K e t t e r i n g  Cancer Research Center ,  N e w  York, NY and the Northshore H o s p i t a l  on Long 
I s l a n d ,  NY t o  determine i f  t h e r e  was a p r e d i l e c t i o n  of the pancreas and/or panc rea t i c  t m o r  
f o r  e i t h e r  t he  D- o r  t he  L-enantiomeric form of l lC-labeled va l ine  o r  tryptophan. 
intravenous i n j e c t i o n  dose ranged from 2.5 t o  10.0 m C i .  Scanning was performed u t i l i z i n g  
t h e  now defunct  PETT I11 inst rument .  Resul ts  of t h a t  i nves t iga t ion  revealed a marked 
dimicut ion of  uptake of t he  D-isomer of l lC-labeled v a l i n e  by the  l i v e r .  
p a t i e n t s  who received both D- and L-valine, the  percent  of t h e  D-isomer l o c a l i z e d  i n  the 
tunor  was less than t h e  uptake of  t h e  L-isomer i n  one p a t i e n t  and equal  i n  another .  Of the  
four  p a t i e n t s  s tud ied  with D-valine only ,  i t  appeared t h a t  t he re  was a lower percentage of  
t h e  i n j e c t e d  dose p re sen t  i n  t h e  tumor than i n  t h e  remainder of the  pancreas.  C-Labe led 
D-tryptophan was adminis tered t o  a p a t i e n t  fo r  t he  f i r s t  time during t h i s  pe r iod ,  which is 
t o  our  knowledge t h e  f i r s t  c l i n i c a l  study anywhere with t h i s  agent. 

A s tudy u t i l i z i n g  68Ga-EDTA i n  PET b r a i n  scanning i n  p a t i e n t s  with small v e s s e l  
e t h e r o s c l e r o s i s  was i n i t i a t e d ,  A t o t a l  of 6 p a t i e n t s  have been s tudied.  A l l  t h e  p a t i e n t s  
had well-docuaented dementia of e i t h e r  t he  Alzheimer’s v a r i e t y  o r  s u b c o r t i c a l  i n f a r c t s .  The 
r e s u l t s  of  t h e  PET imaging were i n t e r p r e t e d  i n  conjunct ion with CT scans and magnetic 
resonance imaging s t u d i e s  where a v a i l a b l e .  Although the  number of p a t i e n t s  so f a r  is  s t a l l ,  
t h e r e  appears  t o  be a r e a s  of  white  ma t t e r  pathology mutual t o  a l l  t h r e e  imaging modal i t ies  
employed. Prel iminary d i s c u s s i o n s  were held with D r .  Votaw of the  Quillen-Dishner School of 
Medicine, Johnson C i t y ,  TN regarding t h e  c o l l a b o r a t i v e  inves t iga t ion  o f  copper-64 c i t r a t e  a s  
a tumor-imaging agent  i n  Hodgkin’s d i sease .  

The 

O f  t h e  two 

The P rec 1 i n  ic  a 1 Rad iopha rmaceu t i c  a 1 Deve lopmen t group has explored a 1 te  r n a t  i v e  synthe t i c  
processes  which include t h e  inco rpora t ion  and s u b s t i t u t i o n  of fluorine-18 as a pos i t ron  
e n i t t e r  i n  p l ace  of carbon-11 f o r  compounds t h a t  have displayed s p e c i f i c i t y  f o r  tumor 
l o c a l i z a t i o n  and as i n d i c a t o r s  o f  both acu te  and chronic  d i seases  such as those a r i s i n g  from 
exposure t o  substances i n j u r i o u s  t o  the  pulmonary parenchyma and endothelium. Therefore,  w e  
a re  a c t i v e l y  involved with t h e  Tandem van d e  Graaff a c c e l e r a t o r  group and t h e  Nuclear 
Medicine Technology s e c t i o n  a t  ORNZ t o  produce 18F. 
p l a c e  i n  t h e  Tandem van d e  Graaff a c c e l e r a t o r  employing an 180-enriched water t a r g e t  which 
have r e s u l t e d  i n  t h e  product ion o f  small amounts of  18F. 

Several  p i l o t  experiments have taken 

Region-of-interest  methodology f o r  both b ra in  and thorax imaging have been v a s t l y  improved 
through r ewr i t i ng  of t h e  o r i g i n a l  computer program and adapting an N I H  program f o r  the 
c a l c u l a t i o n  of a t t e n t u a t i o n  c o r r e c t i o n  f a c t o r s  f o r  t hese  two anstomical r eg ions .  

1 1 8 5 0 8 1  
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20f .  -1 P r o w  (con t inued)  

We a s s i s t e d  J .  Neiler of ORBIT, Inc .  i n  t he  success fu l  completion of  h i s  Small Business 
Innovat ive  Research Program, Phase I ,  proposal t o  DOE f o r  the f u r t h e r  development o f  a 
mini-cyclotron tha t  would be housed a t  ORAU UHSD and u l t i r ra te ly  be capab le  of producing 
on-s i t e  c 1 i n i c a  1 l y  use fu 1 quant i t  ies  o f  p o s i t r o n  e m i t t e r s  . 
Planned Progress  FY-86 and FY-87 

Arrangements have been made w i t h  t h e  Nuclear Medicine Departaent o f  Brookhaven National 
Laboratory t o  continue c l i n i c a l  i n v e s t i g a t i o n s  i n  p a t i e n t s  with cancer  of t h e  pancreas. 
P a t i e n t  r e f e r r a l  f o r  t h i s  p r o j e c t  has  been assured by the  Sloan K e t t e r i n g  Cancer Research 
Center  and t h e  Northshore H o s p i t a l  on Long Is land .  The s tudies  w i l l  f ocus  mainly on 
determining the  imaging s u p e r i o r i t y  of one amino ac id  over the o t h e r ,  a s  w e l l  as one isomer 
ove r  t h e  o t h e r .  
p r o p o r t i o n a l  chamber i n  imaging tumors of t he  pancreas. 

Also, w e  w i l l  have an  opportuni ty  t o  assess  the  u t i l i t y  o f  a multi-wire 

C o l l a b o r a t i v e  e f f o r t s  with t h e  Un ive r s i ty  of Tennessee Memorial Research Center  and Hospital  
and S t .  Nary's Kedical Center have been e s t ab l i shed  t o  continue a s tudy o f  small  ves se l  
a t h e r o s c l e r o s i s  using 68Ga i n  p a t i e n t s  s u f f e r i n g  from e i t h e r  a cerebrovascular  accident  o r  
m u l t i - i n f a r c t  dementia. These s t u d i e s  are viewed as a prelude t o  a more ambit ious 
i n v e s t i g a t i o n  of Alzheimer's d i s e a s e  and underlying e x i s t e n t  modi f ica t ion  of  t he  b l o d -  
b r a i n - b a r r i e r  due t o  t h e  d i s e a s e .  

A c l i n i c a l  i n v e s t i g a t i v e  p r o t o c o l  u t i l i z i n g  t h e  pos i t ron  en i t te r ,  64Cu, t o  e v a l u a t e  
lymphomas, e s p e c i a l l y  Hodgkins disease,  w i l l  be i n i t i a t e d .  In  a d d i t i o n  t o  eva lua t ing  i t s  
a b i l i t y  t o  provide enhanced iuiages of  lymphomas, w e  w i l l  have an  oppor tuni ty  t o  explore the  
k i n e t i c s  o f  copper uptake 2nd c l e a r a n c e  and how therapy e f f e c t s  t hese  t w o  parameters.  

P l a n s  a r e  t o  f i l e  an amendment t o  t h e  p re sen t  Ih?) f o r  copper-64 c i t r a t e  t o  al low f o r  i t s  use 
i n  non-tumor app l i ca t ions  such as  cardiomegaly and a o r t i c  aneurysms. Concurrent ly  with 
t h i s ,  a p i l o t  protocol w i l l  be developed t o  begin c l i n i c a l  s t u d i e s  of  i n d i v i d u a l s  with 
card ionegaly  secondary t o  d i v e r s e  e t i o l o g i e s ,  e.g., i n fec t ions ,  hyper tens ion ,  e t c .  

Planned Progress  FY-88 

The c o l l a b o r a t i v e  arrangement w i t h  BNL f o r  t he  study of the  D- and L-isomers of v a l i n e  and 
t ryptophan i n  p a t i e n t s  with p a n c r e a t i c  adenocarcinoma w i l l  be concluded. The f i n a l  s tud ie s  
q f  D- vs L-tryptophan uptake i n  p a n c r e a t i c  carcinoma and how it relates  t o  the  e f f e c t s  of 
t r e a t m e n t  w i l l  be determined. The prognost ic  value of the uptake s t u d i e s  should be 
answered. 

The u s e f u l n e s s  of 64Cu i n  c a r d i o v a s c u l a r  d i sease  and s o f t  t i s s u e  tumors as w e l l  as hepatic 
d i s e a s e  w i l l  remein under i n v e s t i g a t i o n .  Whether o r  not the ORNL Tandem van de  Graaff 
a c c e l e r a t o r  can rou t ine ly  produce s u f f i c i e n t  q u a n t i t i e s  of 18F €or PET imaging s t u d i e s  w i l l  
b e  resolved.  Gallium-68 i n v e s t i g a t i o n s  i n  p a t i e n t s  with d ive r se  forms o f  d i s e a s e  of the 
c e n t r a l  nervous s y s t e m  w i l l  s t i l l  be under a c t i v e  inves t iga t ion .  Cons idera t ion  w i l l  be 
g i v e n  t o  i n i t i a t i n g  c l i n i c a l  t r i a l s  of  
p a t i e n t s  with c o l o r e c t a l  csrcinoma and/or melanoma. 

o r  255Fm-labeled monoclonal a n t i b o d i e s  i n  

5 
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20h. Re la t ionsh ip  t o  Other P r o j e c t s  

The C l i n i c a l  Nuclear Medicine Program i s  very c l o s e l y  l inked  v i t h  t h e  P r e c l i n i c a l  
Radiopharmaceutical  Development group of t h e  M&HSD, especially s i n c e  bo th  of t h e s e  program 
are h e a v i l y  focused on developing and t e s t i n g  new radiopharmaceut icals .  
r e l a t i o n s h i p  t o  t h e  Nuclear Medicine group a t  t h e  Oak Ridge Nat ional  Laboratory w i l l  be 
i n t e n s i f i e d  because of our need f o r  f luorine-18 and copper-64, as well as poss ib ly  o the r  
r a d i o n u c l i d e s .  
radiopharmaceut ical  development, biochemistry,  pharmacology, and nuclear  medicine f o r  t h e  
purpose o f  developing d i agnos t i c  nuc lear  medicine procedures  f o r  lung d i sease .  
c o l l a b o r a t i v e  r e l a t ionsh ip  has  been e s t ab l i shed  between t h e  H&HSD's nuclear  medicine 
programs and t h e  Nuclear Medicine Department a t  t h e  Brookhaven Nat ional  Laboratory.  
l a t t e r  arrangement i s  supported i n  terms of p a t i e n t  s e l e c t i o n  and r e f e r r a l  by t h e  Sloan 
K e t t e r i n g  Cancer Research Center and t h e  Long I s l a n d  Northshore Hospi ta l .  On a reg iona l  
b a s i s  w e  maintain a c o l l a b o r a t i v e  r e l a t i o n s h i p  wi th  The Univers i ty  of Tennessee Memorial 
Research Center and Hospi ta l ,  Knoxville;  i n  p a r t i c u l a r .  with c l i n i c a l  groups i n  neurology 
( D r .  John Doughterty) and rad io logy  ( D r .  Karl Hubner) . 
e s s e n t i a l  t o  t h i s  program. 

The e x i s t i n g  

An i n t e r d i s c i p l i n a r y  t a sk  f o r c e  wi th in  t h e  MhHSD combines e f f o r t s  i n  

A 

Thls 

All of t h e s e  r e l a t i o n s h i p s  a r e  

20k. C a p i t a l  Equipment 

PDP 11/44 Computer 

ET 1987 

The success  of  t h e  C l in i ca l  Nuclear Medicine program 
depends on t h e  development of new software and programs. 
A t  p r e s e n t  w e  are experiencing d i f f i c u l t i e s  due t o  t h e  
s t o r a g e  c a p a b i l i t i e s  of t h e  e x i s t i n g  system. down time, 
and c o s t s  t o  maintain it  i n  an opera t ing  mode. 

$ 20.0 

201. Foreign Travel  

I11 World Conference on C l i n i c a l  Pharmacology and Therapeut ics ,  July 27 - August 1. 
1986. Stockholm, Sweden. $2500.00 

European Nuclear Medicine Congress, September 2-5. 1986. Goslar, FRG. $2500.00 
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20c. Purpose 

T h i s  t a s k  is  combined i n t o  service-or iented and research a c t i v i t i e s  f o r  t h e  s p e c i f i c  purpose 
t o  improve t h e  medical care of persons in ju red  in r a d i a t i o n  acc iden t s .  
o b j e c t i v e s ,  a mul t i -d i sc ip l ina ry  s t a f f  t r a i n e d  i n  medical management of r ad ia t ion  acc iden t s  
is re spons ib l e  f o r  handl ing r a d i o l o g i c a l  emergencies in a s p e c i a l l y  equipped f a c i l i t y  and t o  
t r a i n  o t h e r s  i n  r a d i a t i o n  accident  management. 
r e a d i n e s s  t o  assist i n  t h e  management of r ad io log ica l  emergencies and r a d i a t i o n  in ju ry  of 
DOE n u c l e a r  workers i n  O a k  Ridge as w e l l  as ou t s ide  Oak Ridge a s s u r e s  optimal management of 
i n d i v i d u a l  cases  and provides  a back-up medical team f o r  on - s i t e  emergencies. Teaching and 
t r a i n i n g  i n  t h e  area of r a d i a t i o n  accident  management c o n t r i b u t e s  t o  t h e  o v e r a l l  improvement 
of t h e  q u a l i t y  of b o t h  n a t i o n a l  and i n s t i t u t i o n a l  medical emergency and occupational medical 
service systems. 

To meet t h e s e  

Keeping a p r o f e s s i o n a l  s t a f f  i n  a s ta te  of 

Research a c t i v i t i e s  w i t h i n  t h i s  task include: (1) b a s i c  r e sea rch  regarding t h e  mechanism 
damage induced by r a d i a t i o n  and t h e  use of cytogenet ic  techniques as a b io log ica l  i n d i c a t o r  
of d o s e  i n  suspected r a d i a t i o n  overexposures; (2) a t tempts  t o  improve t h e  diagnosis  and 
assessment of s eve re  local r a d i a t i o n  i n j u r y  by such pharmacologic means as prostaglandins  
and o t h e r  anti-inflammatory vascu la r  p r o t e c t i v e  drugs; (3) continued na t iona l  management f o r  
DOE of t h e  FDA-IND cl inical  trials of calcium and z inc  DTPA c h e l a t i o n  therapy f o r  i n t e r n a l l y  
d e p o s i t e d  ac t in ides , .  eva lua t ion  of new developments i n  c h e l a t i o n  therapy involving e i t h e r  
improved protocols  f o r  t h e  e x i s t i n g  agents  or research on improved che la to r s ;  when 
i n d i c a t e d ,  submission of t h e  appropr i a t e  IND amendments or new IND’s t o  FDA through DOE; and 
management of t h e  DTPA Registry,  a computer-assisted c o l l e c t i o n  of case h i s t o r i e s  of 
DTPA-treated ind iv idua l s .  t o  assist i n  t h e  determinat ion of t h e  s a f e t y  and e f f i c a c y  of DTPA 
drugs  and t o  f a c i l i t a t e  long-term medical follow-up of t h e s e  persons: and ( 4 )  a continuing 
s t u d y  of past and p r e s e n t  r a d i a t i o n  acc iden t s  and t h e i r  medical consequences. 
Rad ia t ion  Accident Regis t ry ,  a c e n t r a l i z e d  medical d a t a  b a s e  of p a s t  r a d i a t i o n  accidents ,  
p rov ides  a ready source  of information on t h e  radiobiology of man, t h e  e f f i c a c y  of treatment 
p r o t o c o l s ,  and suppor t s  epidemiologic s t u d i e s  of s e l e c t e d  populat ions.  Consultation during 
compensation proceedings where it  i s  a l l eged  t h a t  r a d i a t i o n  exposures were causa l ly  r e l a t e d  
t o  t h e  subsequent man i fe s t a t ion  of d i s e a s e  provides f o r e n s i c  support  i n  both t h e  medical and 
h e a l t h  physics a s p e c t s  of accident  i n v e s t i g a t i o n .  

The US 

Prov ide  f o r  nonrecoverable medical expenses of qua l i fy ing  former p a t i e n t s  of t h e  Medical and 
H e a l t h  Sciences Div i s ion ’ s  i n p a t i e n t  program. 

1. 20f. Technical Profiress 

P r o g r e s s  i n  FY85 and M86 

A s s i s t a n c e  and Consul ta t ion by REAC/TS 

The RBAC/TS emergency response program and team cont inues t o  provide a s s i s t a n c e  t o  the 
p r i v a t e  nuclear power indus t ry  and f u e l  reprocessing f a c i l i t i e s  in t h e  event of r ad ia t ion  
a c c i d e n t s  involving personnel i n ju ry .  These commitments are documented by let ter agreements 
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between t h e  r eques t ing  p a r t y  and t h e  U.S. DOE O a k  Ridge Operations. A t  p r e s e n t ,  42 such 
le t ter  agreements are i n  e f f e c t  w i th  REAC/TS response c a p a b i l i t i e s  t o  meet t h e s e  commitments 
r o u t i n e l y  t e s t e d  through p a r t i c i p a t i o n  i n  on-si te  acc iden t  d r i l l s ,  telephone consul ta t ion,  
t e s t i n g  of emergency communications networks, and ca l l -ou t  d r i l l s  s imulat ing recept ion of 
r a d i a t i o n  acc iden t  victims . 

' ' 

1 

I '  

I '  

I 

I .  

During E'Y85-86. REAC/TS updated i t s  a n a l y t i c a l  c a p a b i l i t i e s  for gemma spectrometry through 
t h e  a d d i t i o n  of a new multichannel analyzer  t o  be used with t h e  u l t r a  low background level 
count ing chamber. 
emergency management of r a d i a t i o n  acc iden t s .  

This new system is now f u l l y  i n s t a l l e d .  ca l ib ra t ed .  and ready f o r  

In FY85-86, REAC/TS, w i t h  t h e  approval of DOE and t h e  S t a t e  Department. continued t o  assist 
t h e  World Health Organization through des igna t ion  as t h e  WHO Radiation Emergency 
Consu l t a t ion  Center" w i t h  r e s p o n s i b i l i t i e s  t o  North America, Mexico. Cen t ra l  and South 
America, and t h e  I s l a n d s  of t h e  Caribbean. 
t o  provide a s s i s t a n c e  t o  t h e  Mexican government regarding t h e  Ciudad Suatez cobalt-60 
a c c i d e n t .  
acc iden t  t o  determine t h e  r e l a t i v e  l i f e spanof  lymphocytes bearing radiation-induced 
chromosome a b e r r a t i o n s  i n  s e l e c t e d  persons having received t h e  highest  exposures. 
a d d i t i o n .  two new acc iden t  v i c t ims  have been i d e n t i f i e d  wi th  suspected high-level exposure 
and cy togene t i c  dos ime t r i c  estimates accomplished. REAC/TS w i l l  cont inue t o  work with the  
Mexican government through t h e  WHO des igna t ion  wi th  advise  and on-si te  c o n s u l t a t i o n  as 
needed regarding t h e  establishment of medical follow-up protocols  i n  t h e  exposed Mexican 
populat ion.  

The REAC/TS WHO co l l abora t ion  system continued 

Recent e f f o r t s  have concentrated on follow-up of persons involved in t h i s  

I n  

In  E'Y85, REAC/TS a s s i s t e d  t h e  FEMA Emergency Management I n s t i t u t e  in two major e f f o r t s  a t  
FEMA's n a t i o n a l  emergency t r a i n i n g  c e n t e r ,  Emmittsburg. MD. In t h e  f i r s t  e f f o r t ,  REAC/TS 
p a r t i c i p a t e d  in t h e  Nat ional  Workshop on Hazardous Materials Emergency Tra in ing  wi th  
a c t i v i t i e s  focused on t h e  r o l e  of t h e  f e d e r a l  government i n  providing hazardous materials 
t r a i n i n g  in t h e  areas of planning, preparedness,  response. and recovery, t h e  need f o r  a 
coord ina ted  e f f o r t  i n  providing such t r a i n i n g  and t h e  r e l a t i o n s h i p  of f e d e r a l  t r a i n i n g  t o  
that t r a i n i n g  provided by s ta te  and l o c a l  governments in t h e  p r i v a t e  s e c t o r .  
e f f o r t ,  hazardous materials included both r a d i o a c t i v e  and nonradioactive hazmat. The result 
of the workshop w a s  a better apprec i a t ion  and understanding of t h e  r e spec t ive  r o l e s  and 
r e s p o n s i b i l i t i e s  o f  f e d e r a l  agencies involved i n  hazardous materials t r a i n i n g ,  t h e  
development of c r i t e r i a  f o r  a n a t i o n a l  curriculum of hazardous ma te r i a l s  t r a i n i n g .  and 
improved i n t e r a c t i o n  between and among f e d e r a l ,  s ta te .  and l o c a l  agencies. The r o l e  that 
REAC/TS emergency response and t r a i n i n g  p l ays  i n  t h i s  e f f o r t  vas discussed. Secondly, 
REAC/TS p a r t i c i p a t e d  i n  an evaluat ion and recommendation f o r  updating of a program of study 
c o n s i s t i n g  of f i v e  r a d i o l o g i c a l  courses c u r r e n t l y  f i e l d  deployed by m. Two of these 
c o u r s e s  were w r i t t e n  under terms of an interagency agreement between DOE and FEMA with 
REAC/TS providing a l l  components of t h e  t r a i n i n g  package. 
committee meeting made appropr i a t e  recommendations f o r  change i n  each of t h e  f i v e  courses 
under review. To b e t t e r  coordinate  f e d e r a l  r a d i o l o g i c a l  t r a i n i n g  a c t i v i t i e s ,  FEMA requested 
i n p u t  t o  t h e s e  reviews by t h e  Federal  Radiological  Preparedness Coordinating Committee 
Tra in ing  and Exercises Subcommittee member agencies .  

I n  t h i s  

This curriculum advisory 
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In  FY85/86, REAC/TS s t a f f  responded t o  62 r eques t s  f o r  assistance involving a maximum of 92 
pe r sons  (an unspec i f i ed  number of persons were involved i n  f i v e  of t h e s e  s i t u a t i o n s ) ;  t h i s  
is a 6.5% i n c r e a s e  over t h e  number of r eques t s  f o r  a s s i s t a n c e  received during t h e  same 
pe r iod  i n  FY84/85. 
r a d i a t i o n  exposures t o  n ine  persons t h a t  met t h e  DOE/NRC r a d i a t i o n  acc iden t  dose c r i t e r i a ;  
ano the r  r eques t  concerned a s e r i o u s  r ad ia t ion - re l a t ed  accident  a t  Kerr McGee's Squoysh 
Nuclear F a c i l i t y ,  Gore, OK involving approximately 110 persons,  bu t  t h e  i n j u r i e s ,  including 
one f a t a l i t y  were chemically (UFg gas ) .  not r a d i a t i o n  induced. 
Goodyear Atomic Corporat ion 's  Gaseous Diffusion P lan t  i n  Piketon. Ohio, were r e fe r r ed  t o  
REAC/TS f o r  whole body and lung count8 because of t h e i r  concern about having been 
o c c u p a t i o n a l l y  exposed t o  uranium and thorium. 
Counting F a c i l i t y  a t  Oak Ridge National Laboratory; no r a d i o a c t i v i t y  in excess of t h e  noma1 
range vas de tec t ed  i n  any of t h e  ind iv idua l s  counted. Cytogenetic a n a l y s i s  vas conducted on 
c u l t u r e d  p e r i p h e r a l  lymphocytes of 11 persons suspected of being overexposed t o  r ad ia t ion  to 
estimate any r a d i a t i o n  dose t h e y  had a c t u a l l y  received.  

Of these .  61  requests  were from wi th in  t h e  US; six requests  concerned 

Nine employees of t h e  

The counts  were conducted a t  t h e  Whole Body 

The W C / T S  R e g i s t r i e s  

In EY85/86, a t o t a l  of 96 r ad ia t ion - re l a t ed  even t s  involving more than 185 persons was 
recorded i n  t h e  c e n t r a l  REAC/TS Registry;  REAC/TS provided c o n s u l t a t i v e  a s s i s t ance  i n  61 of 
t h e  e v e n t s  recorded.. Thirty-two events m e t  t h e  cr i ter ia  f o r  i n c l u s i o n  i n  spec i f i c  
r e g i s t r i e s  and were assigned as follows: 

(1) U.S. Radiat ion Accident Regis t ry:  
pe r sons ,  were recorded in FYS5/86. REAC/TS was consulted i n  7 of t h e  12 accidents t h a t  
a c t u a l l y  occurred during t h i s  period; t hese  concerned f i v e  in s t ances  of high dose l o c a l  
exposures  f o r  l g21r  i n d u s t r i a l  radiography sources (4 acc iden t s .  4 persons) and from a 
f l u r o s c o p e  i n  a food p r e p a r a t i o n  p l an t  (1 acc iden t ,  4 persons);  1 plutonium contaminated 
wound (1 person);  and 1 uncontrol led release of UP6 t h a t  involved approximately 110 persons,  
20 of them s e r i o u s l y .  and r e s u l t e d  i n  one non-radiation induced f a t a l i t y .  
a c c i d e n t s  were t h e  r e s u l t  of t h e  misadministration of r a d i a t i o n  o r  r ad ioac t ive  materials 
(1311) for d iagnos t i c  and t h e r a p e u t i c  purposes; t h e s e  acc iden t s  came t o  REAC/TS a t t e n t i o n  
v i a  NRC r e p o r t s .  
p e r i o d  and vere recorded r e t r o s p e c t i v e l y ;  t hese  included t h e r a p e u t i c  overdoses from 6oCo 
r ad io the rapy  devices  (3 a c c i d e n t s ,  3 persons) ,  an X-ray source (1 accident ,  1 person). and 
an unrecovered radium implant (1 accident ,  1 person);  a d iagnos t i c  overdose of 1311 (1 
a c c i d e n t .  1 person);  and a whole body exposure g r e a t e r  t han  25 rems t o  one person from an 
a c c e l e r a t o r  u n i t .  

19 acc iden t s  involving more than a t o t a l  of 25 

Five add i t iona l  

The remaining seven acc iden t s  occurred p r i o r  t o  t h e  current  report ing 

Follow-up continued of s u r v i v o r s  of previously recorded r a d i a t i o n  acc iden t s .  
six l i v i n g  s u r v i v o r s  of t h e  1958 accident a t  t h e  Oak Ridge Y-12 p l a n t  were examined a t  
REAC/TS i n  EY85 and t h e  f i n d i n g s  were reported t o  t h e i r  personal  physicians;  only one of 
t h e s e  i n d i v i d u a l s  is  s t i l l  employed a t  Y-12, t h r e e  have r e t i r e d ,  and one is employed 
elsewhere.  
accident from being examined a t  REAC/TS t h i s  year ,  t hey  are i n  t h e  continuing ca re  of t h e i r  
p e r s o n a l  physicians.  
lymphocytes obtained from t h e  f i v e  su rv ivo r s  who were examined and from e igh t  other  
s u r v i v o r s  of ear l ier  a c c i d e n t s  including t h e  1984 accident  i n  Jua rez ,  Mexico. 

Five of t h e  

I l l n e s s e s  prevented t h e  s i x t h  Y-12 su rv ivo r  and t h e  su rv ivo r  of t he  1971 UT-CARL 

Follow-up cytogenet ic  analyses  were conducted on samples of pe r iphe ra l  
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(4) DTPA Registry:  During t h e  June 1, 1984-May 31, 1985 FDA r epor t ing  per iod,  42 physicians 
were authorized as co - inves t iga to r s  on t h e  FDA’s IND wi th  DOE f o r  t h e  admin i s t r a t ion  of both 
Ca and Zn DTPA. In t h i s  p r o j e c t ,  f i v e  co - inves t iga to r s  reported t r e a t i n g  a t o t a l  of 29 
persons with DTPA because of r e a l  o r  suspected a c t i n i d e  contamination; t h e  remaining 37 
eo- inves t iga to r s  s t a t e d  they  had administered no DTPA. Two of 29 persons t r e a t e d ,  received 
Ca-DTPA only; of t h e s e  16 persons,  including 2 who were cont inuing therapy begun previously 
f o r  a plutonium contamination incident i n  A p r i l  1984, each received a s i n g l e  dose,  t h e  4 
o t h e r s  each received 2 doses.  Five of 6 persons t r e a t e d  with Zn only received mul t ip l e  
doses  up t o  a maximum of 18, as continuing therapy f o r  americum-241 contamination acquired 
i n  E’Y83; t h e  s i x t h  person received a s i n g l e  dose of Zn-DTPA. I n  addi t ion,  t h r e e  persons 
r ece ived  mul t ip l e  doses  of both Ca- and Zn-DTPA f o r  s e p a r a t e  contamination i n c i d e n t s .  
Ca-DTPA (35 x 1 gm doses)  and Zn-DTPA (161 I 1 gm doses) were administered by d i r e c t  I V  
(Push) i n j e c t i o n ,  IV i n f u s i o n  i n  normal s a l i n e ,  a e r o s o l  i nha la t ion .  and wound i r r i g a t i o n .  
No t o x i c  nor o t h e r  untoward e f f e c t s  were reported t o  have occurred i n  any of t h e  persons 
t r e a t e d .  This usage of DTPA w a s  reported t o  t h e  FDA. Follow-up of persons previously 
t r e a t e d  with Ca- and Zn-DTPA w a s  on-going v i a  t h e  Soc ia l  Secur i ty  Administration 
( m o r t a l i t y ) ,  a t t e n d i n g  physicians.  o r  d i r e c t  con tac t  w i th  t r e a t e d  persons. 
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Training Medical and Paramedical Personnel 

In ET 85-86. 12 formal r a d i a t i o n  accident  management t r a i n i n g  courses  were held including 4 
courses  e n t i t l e d  "Medical Planning and Care i n  Radiation Accidents" designed f o r  
occupat ional  h e a l t h  physicians and nurses.  6 courses e n t i t l e d  "Handling of Radiation 
Accidents by Emergency Personnel" designed f o r  emergency physicians and 2 courses  e n t i t l e d  
"Health Physics i n  Radiation Accidents" designed for t h e  h e a l t h h e d i c a l  p h y s i c i s t .  
of 209 persons were t r a i n e d  a t  REAC/TS i n  E'Y8S-86 including 89 UDs, 66 We. 1 EMT/Paramedic. 
38 h e a l t h  p h y s i c i s t s  and 15 o t h e r s .  A t o t a l  of 1,511 persons have been t r a i n e d  since June 
of 1976 i n  REAC/TS r a d i a t i o n  acc iden t  management t r a i n i n g  courses .  
physicians and nu r ses  geographical ly  d i s t r i b u t e d  throughout t h e  United S ta t e8  represents  a 
medical resource base  in t h e  event  of r a d i a t i o n  acc iden t s  involving personnel i n ju ry .  
REAC/TS courses  cont inue t o  be recognized f o r  W E  c r e d i t  by t h e  American College of 
Enrergency Physicians,  t h e  American Medical Association. and t h e  American Board of Health 
Physics.  
U.S. Pub l i c  Heal th  Service in t r a i n i n g  a n a t i o n a l  pub l i c  h e a l t h  service response team f o r  
hazardous materials acc iden t s  and otherwise p a r t i c i p a t e d  i n  seminars and t r a i n i n g  outside 
t h e  Oak Ridge area. In add i t ion .  over 5.000 persons were reached through a v a r i e t y  of 
l e c t u r e s .  post-graduate courses.  e x h i b i t s .  demonstrations a t  p ro fes s iona l  meetings. and 
through t h e  use of t h e  REAC/TS informational  e x h i b i t .  

A t o t a l  

A cadre of over 1,OOO 

RESAC/TS a l s o  p a r t i c i p a t e d  i n  t h e  E'Y85 Health Physics Summer School, a s s i s t e d  t h e  

In FY85, REAC/TS, wi th  t h e  a s s i s t a n c e  of ORAU Off i ce  of Information Services ,  developed a 
ques t ionna i r e  f o r  eva lua t ing  t h e  use and implementation of r a d i a t i o n  accident  management 
techniques set  f o r t h  i n  two t r a i n i n g  packages e n t i t l e d  "Pre-hospital Management of Radiation 
Accidents" and "Hospital Emergency Department Management of Radiation Accidents". 
survey was designed t o  determine t o t a l  number of i n d i v i d u a l s  t r a ined ,  p ro fes s iona l  
a f f i l i a t i o n  and background. paid o r  vo lun tee r  emergency medical responder, r u r a l  o r  urban 
s e t t i n g ,  and t h e  experience i n  r a d i a t i o n  accident  management s i n c e  using t h e s e  materials f o r  
t r a i n i n g .  
r a d i a t i o n  acc iden t  management t r a i n i n g  materials as needed as w e l l  as f o r  review by the 
FRPCC T W  Subcommittee with a p p l i c a t i o n  t o  any f u t u r e  subcommittee t r a i n i n g  endeavors. 

The user  

Resu l t s  of t h e  ques t ionna i r e  w i l l  be published i n  FY86 and used t o  update 

In FY8S-86, REAC/TS continued t o  p u b l i s h  its q u a r t e r l y  news le t t e r  w i th  approximately 15.000 
cop ie s  mailed annual ly  and another  1,000 d i s t r i b u t e d  in conjunction wi th  t h e  REAC/TS 
informational  e x h i b i t .  
concerning information on newly discovered r a d i a t i o n  accidents .  emerging methodologies and 
t reatment  protocols .  innovations i n  t r a i n i n g .  emergency response, and contr ibuted materials 
r e f l e c t i n g  cour se  p a r t i c i p a n t  a c t i v i t i e s .  The REAC/TS medical and emergency response s ta f f  
have a l s o  received t r a i n i n g  on cont inuing education through d r i l l s  and exe rc i se s  as well as 
p a r t i c i p a t i o n  i n  o f f - s i t e  t r a i n i n g  a c t i v i t i e s .  

1 Through t h e  news le t t e r .  REAC/TS continues t o  inform its readers 

I 
I 
i B io log ica l  Dose Estimation 

f 
i 
i ,  

1, 

During FY 85-86 cytogenet ic  dosimetry estimates o r  follow-up eva lua t ions  were provided f o r  
24 persons r e f e r r e d  t o  REAC/TS because of suspected r ecen t  o r  previous r a d i a t i o n  
overexposures. Relevant information on t h e  l i f e s p a n  of T-lymphocytes was obtained from our 
follow-up s t u d i e s  i n  f i v e  persons havin 
200 rad gamma r a d i a t i o n  i n  t h e  Mexican f o b  Accident. When f i r s t  s tud ied  i n  February 1984. 

estimated whole-body exposures ranging from 25 t o  < 
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t h e  frequencies  of metaphases bear ing r i n g s  o r  d i c e n t r i c s  v a r i e d  from 5 t o  108 p e r  500 
lymphocyte metaphases i n  p repa ra t ions  from t h e s e  i n d i v i d u a l s .  
frequency was reduced by an average of 71.4% (range 61-93.5%). 
persons having p ro t r ac t ed  whole-body exposures are i n  good agreement wi th  earlier e s t ima tes  
of lymphocyte l i f e s p a n  based on evaluat ions of p e r s i s t e n t  a b e r r a t i o n s  i n  anlrylosing 
s p o n d y l i t i s  p a t i e n t s  who received f r ac t iona ted  par t ia l -body exposures t o  X-radiation. 

Twenty-two months l a t e r  t h e  
Our f indings i n  t h e s e  f i v e  

Blood samples were a l s o  obtained from two a d d i t i o n a l  Jua rez  r e s i d e n t s  on whom earlier 
cy togene t i c  s t u d i e s  had not been conducted. 
year-old adolescent  who l i v e d  on Aldama S t r e e t .  and who were a t  r i s k  f o r  exposure from t h e  
r a d i o a c t i v e  pick-up truck. demonstrated p e r s i s t e n t  u n s t a b l e  abe r ra t ions  i n  1.8 and 1.0% of 
t h e i r  metaphases. 
has survived f o r  22 months. t h e s e  d i c e n t r i c  f r equenc ie s  estimate t h a t  t h e s e  two persons 
received minimum doses of approximately 100 and 70 rad.  r e spec t ive ly .  i n  1984. 

Evaluat ions i n  a 50-year-old woman and a 16 

Assuming t h a t  only one-fourth of t h e i r  i r r a d i a t e d  T-lymphocyte populat ion 

I n  r a d i a t i o n  acc iden t s  t h a t  p o t e n t i a l l y  involve l a r g e  numbers of persons (such as occurred 
i n  Jua rez )  it may not  be f e a s i b l e  t o  promptly in i t ia te  and ha rves t  c u l t u r e s  from all persons 
suspected of overexposure. Recently completed experimental  s t u d i e s  have demonstrated t h a t  
blood samples from such i n d i v i d u a l s  may be preserved by f r eez ing  without compromising t h e  
accu ra t e  assessment of radiation-induced chromosome a b e r r a t i o n s  i n  lymphocyte c u l t u r e s  
i n i t i a t e d  a t  la ter  d a t e s .  To quant i fy  t h e  e f f e c t s  of cryopreservat ion on b a s e l i n e  and 
radiation-induced chromosome abe r ra t ions .  human lymphocytes were exposed in v i t r o  t o  varying 
doses o f  6oCo r a d i a t i o n  and cu l tu red  e i t h e r  immediately o r  a f t e r  one week’s s t o r a g e  a t  
-7OOC. A s l i g h t  depression i n  c e l l u l a r  p r o l i f e r a t i o n  and a s i g n i f i c a n t  i nc rease  i n  
chromatid breakages were observed i n  c u l t u r e s  i n i t i a t e d  from frozen lymphocytes. 
i n  p repa ra t ions  from both frozen and nonfrozen lymphocytes. t h e  dose response r e l a t i o n s h i p s  
f o r  radiation-induced d i c e n t r i c s  gave a bes t  f i t  t o  t h e  l inear-quadrat ic  dose response model 
w i t h  no s i g n i f i c a n t  d i f f e r e n c e s  i n  abe r ra t ion  frequencies  between t h e  two sets of c u l t u r e s .  
This  f ind ing  provides  evidence t h a t  lymphocyt es bea r ing  radiation-induced chromosome 
a b e r r a t i o n s  are not  a t  s e l e c t i v e  r i s k  f o r  cel l  d e a t h  as 8 r e s u l t  of cryopreservation. 

However. 

The Cytogenetics Program has  continued p a r t i c i p a t i o n  as a U. S. Representative i n  an 
IAEA-sponsored I n t e r n a t i o n a l  Cooperative Program on t h e  Routine Use of Chromosome Aberrat ion 
Analysis  i n  Occupationally Exposed Radiation Workers. I n  a r ecen t  co l l abora t ive  study. 
i n v e s t i g a t o r s  a t  t h e  National Radiological P r o t e c t i o n  Board i n  Great B r i t a i n  exposed human 
blood t o  v a r i o u s  doses of X o r  gamma r a d i a t i o n  under cond i t ions  designed t o  mimic a c u t e  
whole-body o r  partial-body exposures. Repl icate  i r r a d i a t e d  blood samples were shipped by 
a i r  t o  cy togene t i c s  l a b o r a t o r i e s  i n  10 c o u n t r i e s  f o r  t h e  a n a l y s i s  of radiation-induced 
chromosome abe r ra t ions .  Preliminary r e s u l t s  and i n t e r l a b o r a t o r y  comparisons of d a t a  were 
p resen ted  and discussed a t  an IAEA Meeting which was held a t  t h e  University of Kyoto. Japan 
i n  November. 1985. Detai led s t a t i s t i c a l  e v a l u a t i o n s  are c u r r e n t l y  i n  progress a t  t h e  NRPB. 

During l a s t  year. d a t a  c o l l e c t i o n  was a l s o  completed i n  an i n t e r l a b o r a t o r y  study of t h e  
cy togene t i c  e f f e c t i v e n e s s  o f  low energy (0.2 MeV) f i s s i o n  spectrum neutrons. 
assembly a t  Los Alamos of a Hiroshima Bomb r e p l i c a ,  as a r e a c t o r ,  was used t o  expose human 
lymphocytes t o  varying doses of f i s s i o n  neutrons.  Evaluat ions of s l i d e s  f o r  r ad ia t ion -  
induced chromosome a b e r r a t i o n  frequencies were j o i n t l y  conducted by c y t o g e n e t i c i s t s  a t  
Lawrence Livermore Laboratory. ORAU. and t h e  RERF i n  Hiroshima. 

Earlier. an 

Preliminary s t a t i s t i ca l  

t 1 8 5 0 8 9  14 
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e v a l u a t i o n s  demonstrated t h a t  t h e  Hiroshima-type neutrons are similar t o  o rd ina ry  f i s s i o n  
spectrum neutrons i n  t h e i r  cytogenet ic  e f f e c t i v e n e s s ,  inducing about one d i c e n t r i c / c e l l /  Gy. 
Data from t h i s  c o l l a b o r a t i v e  s tudy may a i d  dosimetry eva lua t ions  now under way i n  t h e  A-Bomb 
Survivors .  

In c o l l a b o r a t i o n  with s c i e n t i s t s  a t  t h e  Radiat ion Epidemiology Branch of NCI. b a s i c  research 
s t u d i e s  aimed a t  determining t h e  a p p l i c a b i l i t y  of cytogenet ic  systems f o r  dose est imat ion i n  
persons having r a d i a t i o n  exposure many yea r s  previously have continued. 
completed d e t a i l e d  cytogenet ic  e v a l u a t i o n s  i n  approximately 500 c o n t r o l  and i r r a d i a t e d  
persons s e l e c t e d  from va r ious  cohor t s  having medical exposures 20-40 yea r s  ago. Relat ive t o  
f i n d i n g s  i n  non i r r ad ia t ed  c o n t r o l s ,  a smell but  s t a t i s t i c a l l y  s i g n i f i c a n t  increase i n  the 
frequency of metaphases bear ing s t a b l e  radiation-induced chromosome a b e r r a t i o n s  was observed 
i n  persons who previously received 400-1200 rad loca l i zed  r a d i a t i o n  t o  t h e  t o n s i l .  
lymphocyte c u l t u r e s  from 98 cervical cancer  p a t i e n t s  who received average marrow doses of 
750 rad. t h e  numbers of metaphases with symmetrical and asymmetrical chromosome-type 
a b e r r a t i o n s  ranged from 0 t o  12%. In s p i t e  of considerable  v a r i a b i l i t y  i n  f i n d i n g s  among 
vomen who received similar doses. prel iminary s t a t i s t i c a l  eva lua t ions  demonstrated t h a t  t he  
mean f requencies  of metaphases bea r ing  radiation-induced a b e r r a t i o n s  varies as a l i n e a r  
f u n c t i o n  of t o t a l  marrow dose for about 20 yea r s  a f t e r  radiotherapy f o r  c e r v i c a l  cancer. 
During t h i s  year  w e  completed cy togene t i c  eva lua t ions  of approximately 30.000 lymphocyte 
metaphases from 146 persons who received mul t ip l e  f luoroscopic  examinations t o  monitor 
t reatment  f o r  d i s e a s e s  of t h e  lung. 
f o r  a b e r r a t i o n s  i n  t h e  fluoroscopy p a t i e n t s  is c u r r e n t l y  under way a t  NCI. 

We have now 

I n  

S t a t i s t i c a l  eva lua t ions  of dose-response r e l a t i o n s h i p s  

S i s t e r  chromatid exchanges (SCEs) are a h igh ly  s e n s i t i v e  b i o l o g i c a l  i n d i c a t o r  of exposure t o  
c e r t a i n  classes of DNA-damaging chemicals.  
s c reen ing ,  t h e  b i o l o g i c a l  and biochemical mechanisms involved i n  SCE production remain t o  be 
d e l i n e a t e d .  
i n i t i a t e d  t o  determine t h e  cytogenet ic  consequences of exposure of human lymphocytes t o  
p r o t e i n  c r o s s l i n k i n g  agents  with high s p e c i f i c i t y  f o r  lysine r e s idues .  
ace t imida te .  a monofunctional c r o s s l i n k i n g  agent ,  demonstrated t h a t  t h e  reagent was highly 
c y t o t o x i c  and induced suppression of c e l l  growth as measured by depressions i n  m i t o t i c  index 
and lengthening of t h e  c e l l  cyc le .  However, t h e  compound caused only minimal i nc reases  i n  
SCEs a t  concen t r a t ions  t h a t  caused pronounced a l t e r a t i o n s  i n  c e l l  cyc le  k i n e t i c s .  In  
c o n t r a s t  t o  f i n d i n g s  of highly s i g n i f i c a n t  i nc reases  i n  sister chromatid exchanges a f t e r  
exposure of human lymphocytes t o  DNA c r o s s l i n k i n g  agents  such as mitomycin C, t h e s e  s tud ie s  
sugges t  t h a t  chemicals t h a t  act s p e c i f i c a l l y  by c r o s s l i n k i n g  l y s i n e  residues i n  p ro te ins  are 
n o t  e f f i c i e n t  inducers  of sister chromatid exchanges. 

Although t h e  methodology is rou t ine ly  used f o r  

I n  c o l l a b o r a t i o n  wi th  s c i e n t i s t s  a t  Tuskegee Universi ty .  i n  v i t r o  s t u d i e s  Vere 

S tud ie s  with methyl 

Under t h e  support  of NCI's National Toxicology Program, w e  cont inue t o  employ su r roga te  
animal models in b a s i c  research s t u d i e s  aimed a t  de f in ing  mechanisms involved i n  t h e  
i n d u c t i o n ,  r e p a i r  and p e r s i s t e n c e  of chromosome damage induced by genotoxic chemicals. 
s t u d i e s  conducted t h i s  year  we observed t h a t  extending t h e  t i m e  between treatment and 
s a c r i f i c e  results i n  higher a b e r r a t i o n  rates in bone marrow c e l l s  of mice i n j e c t e d  with 
4 - n i t r o q u i n o l i n e .  
of mice wi th  both mitomycin C and dimethylbenzanthracene. 
ob ta ined  using t h e s e  t h r e e  chemicals. which have q u i t e  d i f f e r e n t  a c t i o n s  a t  t h e  molecular 
level. e s t a b l i s h  t h e  g e n e r a l i t y  of t h e  t ime e f f e c t  on a b e r r a t i o n  production o r  expression 

In  

Similar  r e s u l t s  had p rev ious ly  been obtained following i n  vivo treatment 
The s i m i l a r i t y  of r e s u l t s  

I185090 15 
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and v a l i d a t e  t h e  increased s e n s i t i v i t y  of t he  a s say  obtained by sampling a t  l a te r  times. 
Since l a t e  sampling n e c e s s i t a t e s  t h e  use  of bromodeoxyuridine t o  avoid scoring second 
d i v i s i o n  metaphases, w e  have a l s o  compared a b e r r a t i o n  levels i n  mice with and without 
bromodeoxyuridine implants t o  e s t a b l i s h  whether t h i s  chemical has an e f f e c t  on abe r ra t ion  
rates . 
An unusual p a i r  of r e l a t e d  chemicals was examined i n  some d e t a i l  for t h e i r  aberrat ion-  
inducing p o t e n t i a l .  
suspected c l a s togen .  
unique chemical i n  that it  causes no d e t e c t a b l e  damage i n  t h e  majori ty  of marrow cells but 
i n  up t o  3% of t h e  c e l l s .  depending on dose, causes  ex tens ive  s t r u c t u r a l  rearrangement of 

Tests  w i th  4-chloro-o-phenylene diamine had earlier i d e n t i f i e d  it as a 
Further eva lua t ions  during t h e  p a s t  year have shown it t o  be a r a t h e r  

t h e  chromosomes. 
t h i s  e f f e c t  when 
all-or-none type  
h igh ly  s e n s i t i v e  
cel ls .  

Heal th  Physics  

In FY85, REAC/TS 
p h y s i c i s t .  This  

The very c l o s e l y - r e l a t e d  compound 4 - n i t  ro-o-phenylene diamine d id  not have 
simutaneously t e s t e d .  
e f f e c t  of t h e  4-chloro compound i s  due t o  a smell population of cel ls  with 
chromosomes or t o  d i f f e r e n t i a l  p e n e t r a t i o n  of t h e  compound i n t o  select 

It i s  u n c e r t a i n  a t  t h i s  time whether t h i s  

expanded i t s  emergency response team w i t h  t h e  add i t ion  of a f a c i l i t y  h e a l t h  
individual  has  assumed t h e  r e s p o n s i b i l i t i e s  f o r  h e a l t h  physics team 

l e a d e r s h i p  as w e l l  as c a l i b r a t i o n  and maintenance of a l l  r e l a t e d  emergency responee 
equipment f o r  r ad io log ica l  assessment. I n  add i t ion .  a s s i s t a n c e  with physical  dosimetry, 
e s t i m a t i o n  of body burdens of i n t e r n a l l y  deposi ted radionucl ides  and i n t e r n a l  dose 
c a l c u l a t i o n  were provided t o  h e a l t h  p h y s i c i s t s  . phys ic i ans  . nurses,  and o the r  emergency 
medical personnel .  

DTPA Chelat ion Therapy 

Management o f  t h e  Ca-DTPA and Zn-DTPA IND's f o r  DOE involved: 
ana lyses  on randomly se l ec t ed  ampules of both c h e l a t o r  drugs t o  a s c e r t a i n  t h e i r  continued 
s u i t a b i l i t y  f o r  c l i n i c a l  use (pu r i ty .  s t e r i l i t y .  pyrogenici ty .  and proper DTPA 
c o n c e n t r a t i o n ) ;  (b) surveying on an annual b a s i s  t h e  authorized physician co-invest igators  
on t h e  IND's f o r  Ca-DTPA and Zn-DTPA t o  determine t h e i r  c l i n i c a l  experience with t h e s e  drugs 
(usage. c l i n i c a l  e f f i c a c y ,  s i d e - e f f e c t s ,  and replenishment requirements); (c) submitt ing 
annual r e p o r t s  for both c h e l a t o r  drugs t o  E'DA as r equ i r ed  by the  IND'6; ( d )  educating those 
i n d u s t r i a l  phys i c i ans  i n  f a c i l i t i e s  having p o t e n t i a l  r a d i a t i o n  acc iden t s  involving a c t i n i d e s  
about t h e  a v a i l a b i l i t y  and use of c h e l a t i n g  drugs; and (e) e s t a b l i s h i n g  those physicians 
w i t h  a p o t e n t i a l  need f o r  DTPA drugs as c o - i n v e s t i g a t o r s  on t he  IND's and supplying them 
w i t h  t h e s e  drugs from t h e  e x i s t i n g  s t o c k p i l e s  at ORAU. 

(a) performing pe r iod ic  

During t h e  most r ecen t  FDA r e p o r t i n g  period. June 1984 through May 1985, 42 physicians (39 
in t h e  U.S. and one each i n  Canada. England, and Spain) were authorized as co-invest igators  
on t h e  IND's for both Ca-DTPA and Zn-DTPA. In t h i s  per iod.  f i v e  co-invest igators  i n  the 
U.S. r epor t ed  t r e a t i n g  a t o t a l  of 29 persons w i t h  DTPA because of real o r  suspected a c t i n i d e  
contamination; t h e  remaining 37 co- inves t iga to r s  s t a t e d  they  had administered no DTPA. 
Twenty of t h e  29 persons t r e a t e d  received Ca-DTPA only; of these. 16 persons. including two 
who were con t inu ing  therapy begun previously f o r  a plutonium contamination incident  i n  Apr i l  

16 
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1984. each received a s i n g l e  dose. and t h e  fou r  o t h e r s  each received two doses. 
persons t r e a t e d  wi th  Zn-DTPA only received mul t ip l e  doses up t o  a maximum of 18 as 
con t inu ing  therapy f o r  americium-241 contamination acquired i n  FY 83; t h e  s i x t h  person 
received a s i n g l e  dose of Zn-DTPA. 
both Ca-DTPA and Zn-DTPA for separate contamination inc iden t s .  
and Zn-DTPA (161 one-gram doses) were edministered by d i r e c t  intravenous (push) i n j e c t i o n .  
i n t r avenous  in fus ion  i n  normal s a l i n e ,  ae roso l  i n h a l a t i o n ,  and wound i r r i g a t i o n .  No t o x i c  
o r  o t h e r  untoward e f f e c t s  were reported t o  have occurred i n  any of t h e  persons t r e a t e d .  This 
usage o f  DTPA i n  FY 84/85 was reported t o  the  FDA. 

Five of six 

In a d d i t i o n ,  t h r e e  persons received mul t ip l e  doses of 
Ca-DTPA (35 one-gram doses) 

Medical follow-up of persons previously t r e a t e d  wi th  Ca-DTPA or Zn-DTPA was c a r r i e d  ou t  on a 
con t inu ing  b a s i s  by means of Soc ia l  Secur i ty  Administration records (mortal i ty)  . r e p o r t s  
from a t t e n d i n g  physicians,  o r  d i r e c t  con tac t  with t r e a t e d  persons using an OMB-approved 
comprehensive telephone i n t e r v i e w  ques t ionna i r e .  

I n  an e f f o r t  t o  better educate nuclear  employees who work with a c t i n i d e s  about t h e  
i n d i c a t i o n s .  e f f i c a c y ,  and s a f e t y  of DTPA c h e l a t i o n  therapy and t o  a l l e v i a t e  f e a r s  and 
misconceptions,  a DTPA f a c t  shee t  w r i t t e n  i n  nontechnical  language was prepared. S i t e  
personnel  d i r e c t o r s  a t  t h e  t h r e e  Oak Ridge p l a n t s  determined i n  what a r e a s  a p o t e n t i a l  for 
a c t i n i d e  exposure ex i s t ed  (only i n  c e r t a i n  a reas  a t  Oak Ridge National Laboratory) and t h e  
employees who worked i n  those a r e a s .  
t h r e e  s h i f t s  f o r  those .workers w i th  a p o t e n t i a l  f o r  i n t e r n a l  a c t i n i d e  contamination 
r e q u i r i n g  DTPA therapy. 
meetings.  

Informational meetings were held during each of t h e  

The DTPA f a c t  s h e e t  was made a v a i l a b l e  t o  t h e s e  workers a t  t h e  

Previous s t u d i e s  showed t h a t  Ca-DTPA encapsulated i n  liposomes, e i t h e r  of t he  mul t i l ame l l a r  
v e s i c l e  (MLV) type o r  of t h e  newer l a r g e  un i l ame l l a r  v e s i c l e  (LUV) type,  produced b e t t e r  
deco rpora t ion  of c o l l o i d a l  16%b. a model contaminant. from r a t s  than was obtained wi th  t h e  
f r e e  c h e l a t i n g  agent.  
entrapment c a p a c i t y  (end consequent reduct ion i n  t h e  quan t i ty  of l i p i d  required for 
encapsu la t ion  of a f ixed dosage of c h e l a t o r )  and i t s  smaller. more uniform s i z e  
d i s t r i b u t i o n .  d id  not cause t h e  spleen weight i n c r e a s e  always observed wi th  MLV-encapsulated 
Ca-DTPA. 
n e t  n e g a t i v e  charges and n e t  p o s i t i v e  charges,  r e spec t ive ly .  as a component of LW-type 
liposomes. 
liposome-encapsulated Ca-DTPA was s tud ied .  Nei ther  t h e  e f f i c i e n c y  of Ca-DTPA encapsulat ion 
n o r  t h e  s t o r a g e  s t a b i l i t y  seemed t o  be a f f e c t e d  by t h e  charge on t h e  liposomal p a r t i c l e .  
Its e f f e c t  on t h e  decorporation e f f i c a c y  was s t u d i e d  i n  d e t a i l  by t r e a t i n g  40 male F i sche r  
rats in t r avenous ly  with c o l l o i d a l  16%b. 
groups: one group each received LUV-eccapsulated Ca-DTPA bearing n e u t r a l ,  pos i t i ve .  or 
n e g a t i v e  charges;  one group each received "empty" liposomes bearing n e u t r a l ,  p o s i t i v e ,  or 
n e g a t i v e  charges;  one group received free Ca-DTPA; and one c o n t r o l  group received no 
i n j e c t i o n .  Decorporation of 16%b was monitored us ing  a small-animal whole body counter .  
No s i g n i f i c a n t  d i f f e rence  in decorporat ioa e f f i c a c y  was found t o  b e  caused by t h e  charge on 
t h e  l iposomal p a r t i c l e .  As was observed previously.  each of the groups receiving 
liposome-encapsulated Ca-DTPA, r e g a r d l e s s  of t h e  charge on t h e  p a r t i c l e s .  removed more 16%b 
than t h e  f r e e  che la to r .  vhich i n  tu rn  removed s i g n i f i c a n t l y  more than  was observed i n  t h e  
c o n t r o l  group. 

However. t h e  LUV-encapsuleted Ca-DTPA. because of i ts  much g r e a t e r  

We inves t iga t ed  t h e  use of  both dicetylphosphate  and stearylamine. which produce 

The a b i l i t y  of such modif icat ions t o  improve t h e  performance of 

After 24 h r  t h e  rats were divided i n t o  e igh t  

The groups r ece iv ing  "empty" liposomes, regardless  of t h e  charge. were 
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s t a t i s t i c a l l y  i n d i s t i n g u i s h a b l e  from t h e  c o n t r o l  animals. 
each of t h e  t h r e e  groups r ece iv ing  liposome-encapsulated Ca-DTPA produced a small but  
s i g n i f i c a n t  i n c r e a s e  i n  t h e  sp l een  weight (expressed as a percentage of t h e  t o t a l  animal 
weight) .  
t o  s p l e n i c  enlargement than  o the r  spec ie s .  and, t h e r e f o r e .  t h i s  f inding is  probably not of 
major concern. 

Unlike our previous experiment . 
However, based on our earlier work. w e  know t h a t  t h e  ra t  i s  much more suscep t ib l e  

Former P a t i e n t  Care 

During FY85 w e  processed twenty a c t i o n s  on six p a t i e n t s  who a r e  e l i g i b l e  f o r  coverage under 
t h e  AEC d i r e c t i v e  of October 1984 f o r  a s s i s t a n c e  t o  former i n p a t i e n t s  of t h e  cancer c l i n i c .  
A survey i n  February 1986 i d e n t i f i e d  fourteen su rv iv ing  p a t i e n t s .  
months of FY86 w e  have processed seven a c t i o n s  on f i v e  p a t i e n t s .  

During t h e  f i r s t  t h ree  

Planned progress  FY86-87 

Assis tance and Consul ta t ion by REAC/TS 

The REAC/TS f a c i l i t y  and s t a f f  w i l l  cont inue t o  be a v a i l a b l e  t o  handle o r  otherwise aesist 
i n  t r e a t i n g  r a d i a t i o n  accident  p a t i e n t s .  
n u c l e a r  f a c i l i t i e s  w i l l  be  maintained wi th  con t inua t ion  of le t ter  agreements. t r a i n i n g  of 
medical. paramedical. and h e a l t h  phys i c s  personnel. and REAC/TS p a r t i c i p a t i o n  i n  d r i l l s  and 
exercises. 
Accident Response Group (ARG) a6 w e l l  a s  p a r t i c i p a t e  more c l o s e l y  i n  nuclear  weapons 
acc iden t  management t r a i n i n g  courses .  
Fede ra l  Emergency Management Agency and cont inue t o  meet i t s  ob l iga t ions  t o  t h e  World Health 
Organization. 

Relat ionships  wi th  emergency response s t a f f  of 

REAC/TS w i l l  cont inue t o  i n t e g r a t e  its a c t i v i t i e s  with those of t h e  DOE/DOI) 

REAC/TS w i l l  con t inue  i ts  c l o s e  l i a i s o n  w i t h  the  

The REAC/TS R e g i s t r i e s  

The r e g i s t r i e s  w i l l  b e  maintained i n  accordance wi th  t h e  programmatic needs of t h e  Medical 
and Health Sciences Divis ion and o t h e r  rou t ine  use r s .  The anbual s t a t u s  of t h e  r a d i a t i o n  
acc iden t  r e g i s t r i e s  and updated bibl iography w i l l  be published as a t echn ica l  r e p o r t .  

Reg i s t ry  data on a c u t e  c l i n i c a l  e f f e c t s  observed among r a d i a t i o n  accident  v i c t ims  who 
received whole body doses of >SO rems. w i l l  be  r epor t ed  f o r  publ icat ion and t o  t h e  UNSCEAR 
c o r n i t t e e  on t h e  a c u t e  e f f e c t s  of r a d i a t i o n .  
c h e l a t i o n  of t r a n s u r a n i c s  w i l l  be  r epor t ed  a t  a meeting of r ad ia t ion  p ro tec t ion  physicians 
i n  Germany; t h i s  r e p o r t  subsequently w i l l  be submitted f o r  pub l i ca t ion  i n  t h e  U.S. 

The U.S. experience of t h e  use of DTPA in t h e  

Survivors  of t h e  1958 and 1971 Oak Ridge r a d i a t i o n  a c c i d e n t s  w i l l  be  inv i t ed  t o  REAC/TS f o r  
r o u t i n e  follow-up in t e rv i ews  and examinations. A r e p o r t  on t h e  cu r ren t  s t a t u s  of t hese  and 
o t h e r  r a d i a t i o n  acc iden t  su rv ivo r s  w i l l  be  prepared f o r  pub l i ca t ion .  

Active follow up of 25 rem study p a r t i c i p a n t s  and of persons previously t r e a t e d  wi th  DTPA 
w i l l  be  completed f o r  workers a t  Rocky F l a t s .  Mound Laborator ies ,  Argonne, and Brookhaven 
Net ionel  Laborator ies ,  Savannah River,  Bettis. REECo and Holmes and Narver, and Hanford as 
resources  allow. Vital  s t a t u s  of t h e  5 rem study populat ion and t h e i r  matched comparisons 
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w i l l  be  updated through the  Social  S e c u r i t y  Administration. 
comparison s u b j e c t s  for workers with 25 r e d y e a r  a t  remaining sites. w i l l  be  completed. 
R e t r i e v a l  of work h i s t o r y  and annual r a d i a t i o n  monitoring d a t a  f o r  i nd iv idua l  study 
p a r t i c i p a n t s  w i l l  proceed as resources  allow. 
exposure r o s t e r  w i l l  proceed as t h e  d a t a  are a v a i l a b l e .  

Select ion of i n t e r n a l  
. r 

I Compilation of t h e  L5 rem per year career 

I 

I 'I 

I 
I '  
I 
1 

11 

DOE/DOE c o n t r a c t o r  employees reported t o  have received 25 rem per year i n  calendar  yea r s  
1985 and 1986. and persons t r e a t e d  w i t h  DTPA between June 1985 and May 1986 and between June 
1986 and May 1987 w i l l  be added t o  t h e  r e g i s t r i e s '  d a t a  base f o r  i nc lus ion  on f u t u r e  
s t u d i e s .  

T ra in ing  Medical and Paramedical Personnel 

During t h e  remainder of FY86, a t o t a l  of 8 t r a i n i n g  courses w i l l  be  held wi th  a p ro jec t ed  
enrollment o f  158 p a r t i c i p a n t s .  
c u r r e n t l y  or pro jec t ed  t o  be f u l l y  subscr ibed.  

All t r a i n i n g  courses  for t h e  remainder of ET86 are 

In Fp86, REAC/TS w i l l  continue t o  p a r t i c i p a t e  i n  s e l e c t e d  o f f - s i t e  r a d i a t i o n  accident  
management courses  with emphasis d i r e c t e d  t o  t h e  American Occupational Medical Association. 
Nuclear Indus t ry  Physician's Associat ion,  t h e  Federal  Emergency Management Agency, and 
v a r i o u s  s t a t e  and local medical a s s o c i a t i o n s .  

In E'Y87, REAC/TS w i l l  sponsor t h e  Second I n t e r n a t i o n a l  Conference on t h e  Medical Basis f o r  
Radiat ion Accident Preparedness. 
I n t e r n a t i o n a l  Conference w i l l  p u l l  t o g e t h e r  a l l  l ead ing  experts i n  t h e  f i e l d  of medical 
management of r a d i a t i o n  accidents  f o r  purposes of updating r a d i a t i o n  accident  h i s to ry .  t h e  
follow-up of accident  survivors and a review of c u r r e n t  state-of-the-art  medical/health 
physics  procedures for managing t h e  r a d i a t i o n  acc iden t  victim. 

As i n  t h e  previous conference, held i n  1979. t h e  Second 

B io log ica l  Dose Estimation 

Microscopic a n a l y s i s  of radiation-induced micronuclei  i n  cul tured lymphocytes has been 
proposed as a simpler and s t a t i s t i c a l l y  no re  p r e c i s e  method f o r  quant i fying r a d i a t i o n  
exposure l e v e l s  than t h e  more time-consuming a b e r r a t i o n  ana lys i s .  
of t h i s  system is t h a t  micronuclei  can only be observed i n  interphase n u c l e i  t h a t  have 
completed one ce l l  d iv i s ion  after r a d i a t i o n  exposure. I n  asynchronously d iv id ing  c e l l  
popu la t ions  (such as mitogen-stimulated T-lymphocytes) t h e  accurate  enumeration of 
micronuclei  is h igh ly  dependent upon be ing  a b l e  t o  determine t h e  proportion of responding 
cel ls  t h a t  have divided once, tw ice  or more times during the i n  v i t r o  c u l t u r e  per iod.  
year.  a method which allows s e l e c t i v e  a n a l y s i s  of micronuclei  frequencies i n  exc lus ive ly  
second d i v i s i o n  interphase nuc le i  w a s  published. 
of t h e  chemical. cytochalasin B, t o  p r o l i f e r a t i n g  lymphocyte c u l t u r e s  as a method f o r  
chemical ly  blocking cytokinesis .  
i n t e r p h a s e  cells. Should t h i s  method prove t o  be reproducible and accurate.  it could 
p o t e n t i a l l y  i n c r e a s e  t h e  s e n s i t i v i t y  and r e l i a b i l i t y  of t h e  micronucleus assay system. 
p a r t  of ou r  continued p a r t i c i p a t i o n  i n  t h e  IAEA-sponsored Program on cytogenet ic  dosimetry. 
our  l a b o r a t o r y ,  i n  co l l abora t ion  w i t h  c y t o g e n e t i c i s t s  from f i v e  o the r  coun t r i e s ,  is 
undertaking b a s i c  research s t u d i e s  aimed a t  de f in ing  va r i ab le s  t h a t  may a f f e c t  t h e  induct ion 

The primary disadvantage 

Last 

The experimental protocol  employs a d d i t i o n  

Micronuclei  are subsequently scored i n  b inuc lea t e  

As a 
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I n  s t u d i e s  conducted las t  year ,  w e  determined t h a t  human lymphocytes exposed i n  v i t r o  t o  
r a d i a t i o n  doses of up t o  400 rad  could be success fu l ly  cu l tu red  a f t e r  being s t o r e d  a t  -7OOC 
f o r  p e r i o d s  of s e v e r a l  days. 
radiation-induced chromosome a b e r r a t i o n s  could be made i n  lymphocytes which had been 
c u l t u r e d  a f t e r  cryopreservat ion.  
zygotes.  are preserved i n  t h e  frozen state f o r  pe r iods  ranging from seve ra l  months t o  
s e v e r a l  years .  
accumulating low doses of r a d i a t i o n  due t o  background exposures. During next year.  w e  
i n t e n d  t o  employ human lymphocytes as a system f o r  a s ses s ing  t h e  p o t e n t i a l  cytogenet ic  
detr iment  of r a d i a t i o n  erposure during cryopreservat ion.  Successful  f reezing of h w a n  
lymphocytes depends upon suspending cel ls  in a medium con ta in ing  e i t h e r  DMSO o r  g l y c e r o l  t o  
i n h i b i t  formation of l a r g e  i c e  c r y s t a l s .  
e f f e c t  i n  terms of c e l l  k i l l i n g .  prel iminary s t u d i e s  w i l l  be  conducted t o  determine t h e  dose 
response r e l a t i o n s h i p  f o r  chromosome a b e r r a t i o n  induct ion i n  human lymphocytes exposed t o  
r a d i a t i o n  i n  medium with and without t h i s  oxygen-radical scavenging chemical. 
preserved i n  DMSO and frozen a t  -7OOC w i l l  then be exposed t o  varying r a d i a t i o n  doses while  
i n  t h e  frozen s t a t e .  and subsequently cu l tu red  f o r  eva lua t ion  of a l l  c l a s s e s  of 
radiation-induced chromosome a b e r r a t i o n s .  

Our s t u d i e s  f u r t h e r  demonstrated t h a t  accurate  estimates of 

P resen t ly ,  numerous types of human cells.  including e a r l y  

Unless p rope r ly  shielded.  such cryopreserved material is  a t  risk f o r  

Since DMSO i s  known t o  have a r ad iop ro tec t ive  

Lymphocytes 

During FY 86-87 t h e  REAC/TS Cytogenetics Group w i l l  cont inue s t u d i e s  aimed a t  de f in ing  t h e  
long-term cytogenet ic  sequelae of par t ia l -body r a d i a t i o n  exposures. Detailed cy togene t i c  
ana lyses  of p e r s i s t e n t  radiation-induced chromosome a b e r r a t i o n s  are cu r ren t ly  i n  progress  i n  
200 s e l e c t e d  a d u l t s  who received l o c a l i z e d  radiotherapy f o r  enlarged thymus glands i n  
infancy.  I n  addi t ion.  s e r i a l  blood samples have a l s o  been c o l l e c t e d  from c e r v i c a l  cancer 
p a t i e n t s  before .  during and six months a f t e r  t hey  completed r a d i a t i o n  treatment. as w e l l  as 
from s e l e c t e d  women who were i r r a d i a t e d  two, f i v e .  1 0  and 15 y e a r s  e a r l i e r .  When da ta  
c o l l e c t i o n s  are completed on t h e s e  p a t i e n t  populations.  cy togene t i c  f indings i n  t h e  TB. 
thymus. t o n s i l  and cervical cancer cohor t s  w i l l  be  compared t o  assess t h e  consequences of 
p a r t i a l  body exposure. f r a c t i o n a t i o n  of dose. and t h e  e f f e c t s  of age and sex on t h e  recovery 
of lymphocytes bearing a b e r r a t i o n s  many yea r s  a f t e r  exposure. 

I n  s t u d i e s  completed las t  year  we observed pronounced depression i n  mi to t i c  a c t i v i t y  i n  
human lymphocytes t r e a t e d  during t h e  G2 s t a g e  of t h e  c e l l  c y c l e  wi th  the  p ro te in  
c r o s s l i n k i n g  agent. methyl ace t imida te  (MI). In our prel iminary evaluat ions of s l i d e  
material. w e  observed s e v e r a l  types of abe r ran t  m i t o t i c  conf igu ra t ions  suggestive of 
anomalous formation of t h e  sp ind le  apparatus .  A p o s s i b l e  explanat ion f o r  t h e  MAI-induced 
i n h i b i t i o n  i n  lymphocyte p r o l i f e r a t i o n  is  t h a t  t h i s  compound may act a t  t h e  molecular l e v e l  
by c r o s s l i n k i n g  l y s i n e  r e s idues  i n  microtubles.  thereby prevent ing chromosome migrat ion and 
completion of cy tok ines i s .  
agen t  a t  t h e  c e l l u l a r  level. w e  plan t o  employ c e l l - c y c l e  s t a g e  s p e c i f i c  t reatments  with MA1 
i n  conjunct ion with s p e c i a l i z e d  conventional and f luo rescen t  s t a i n i n g  techniques f o r  

To f u r t h e r  d e f i n e  t h e  de t r imen ta l  a c t i o n  of t h i s  c r o s s l i n k i n g  
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v i s u a l i z i n g  a l t e r a t i o n s  i n  t h e  sp ind le  appara tus .  In  add i t ion  t o  providing relevant infor-  
mation on t h e  p o s s i b l e  cytogenet ic  sequela  of human exposure t o  h i d a t e s ,  t h e s e  s t u d i e s  may 
a l s o  provide b a s i c  information r e l a t e d  t o  t h e  mechanisms involved in t h e  product ion of 
t ubu l in  and formation of t h e  sp indle  appara tus  i n  mi to t i c  lymphocytes. 

In p a r a l l e l  experiments,  i n  vivo assays  of MA1 i n  t h e  bone marrow system w i l l  be u t i l i z e d  t o  
determine which of t h e  unusual chemical e f f e c t s  r e s u l t i n g  from i n  v i t r o  exposure a l s o  occur 
fol lowing i n  v ivo  adminis t ra t ion  of a chemical.  
genotoxic e f f e c t s  w i l l  a l s o  be assessed by  simultaneous measurement of t h e i r  chromosome 
abe r ra t ion  and SCE inducing p o t e n t i a l  under i n  vivo condi t ions.  

The p o t e n t i a l  of such agents  f o r  inducing 

Inves t iga t ions  w i l l  cont inue i n t o  t h e  induct ion  of chromosome abe r ra t ions  and sister 
chromatid exchanges i n  t h e  bone marrow of mice following t h e  adminis t ra t ion  of var ious  
chemicals.  Emphasis w i l l  be  placed on t h e  comparison of p a i r s  of r e l a t e d  chemicals wherein 
one member i s  accepted as noncarcinogenic while t h e  o the r  is known o r  suspected t o  be a 
carcinogen.  Such d a t a  are expected t o  g ive  f u r t h e r  i n s igh t  i n t o  t h e  poss ib l e  r e l a t i o n s h i p  
the mst real is t ic  eva lua t ion  of t h e  geno tox ic i ty  of a chemical, i t  is 8160 time-consuming 
and expensive.  Most of t h e  chemicals be ing  t e s t e d  have a l s o  been evaluated i n  one o r  more 
i n  v i t r o  assay systems. 
w i l l  provide a means f o r  c r i t i c a l l y  eva lua t ing  t h e  e f f ec t iveness  of t h e  in v i t r o  assays and 
w i l l  g ive  a good ind ica t ion  of whether o r  not  t hese  f a s t e r  and cheaper assays  adequately 
measure t h e  i n  v ivo  potency of chemicals. 
d a t a  being gathered on a v a r i e t y  of chemicals w i l l  a l s o  fu rn i sh  a basis f o r  eva lua t ing  t h e  
r e l a t i v e  s e n s i t i v i t y  of t he  SCE and chromosome abe r ra t ion  assays and w i l l  provide some 
i n s i g h t  i n t o  t h e  mechanisms underlying SCE induct ion.  

Comparisons of our  r e s u l t s  with those from i n  v i t r o  test  systems 

The simultaneous SCE and chromosome abe r ra t ion  

DTPA Chelat iop Therapy 

Management of t h e  Ca-DTPA and Zn-DTPA IND's w i l l  cont inue,  wi th  t h e  same genera l  
r e s p o n s i b i l i t i e s  as indica ted  f o r  FY 85 /86 .  
b e  repor ted  t o  t h e  FDA as required under t h e  DOE IND's, 
t o  t h e  d a t a  base of  t h e  DTPA Registry.  

Annual usage of DTPA by co- inves t iga tors  w i l l  
This information w i l l  a l s o  be added 

Long-term follow-up of persons prev ious ly  t r e a t e d  wi th  DTPA w i l l  continue.  
c l i n i c a l  experience wi th  DTPA drugs w i l l  b e  summarized f o r  p re sen ta t ion  t o  physicians 
involved i n  r a d i a t i o n  pro tec t ion  programs and f o r  subsequent publ ica t ion .  

The U.S. 

We w i l l  i n v e s t i g a t e  wi th  r ep resen ta t ives  from DOE and FDA t h e  f e a s i b i l i t y  and d e s i r a b i l i t y  
of ob ta in ing  NDA status  f o r  Ca-DTPA and/or  Zn-DlTA. 
i s  so in f requent  and t h e  usage of DTPA i s  very  low i n  volume compared t o  most drugs,  t h e  
pharmaceutical  i ndus t ry  has shown l i t t l e  i n t e r e s t  i n  agents  f o r  a c t i n i d e  decorporat ion.  
However, t h e  r e c e n t l y  passed Orphan Drug Act (Pub. Law 97-414 as amended) may provide an 
avenue f o r  ob ta in ing  NDA s t a t u s  f o r  DTPA drugs.  We w i l l  i n t e r a c t  wi th  FDA o f f i c i a l s  t o  
compile information about t h e  requirements f o r  NDA s t a t u s  under t h i s  l e g i s l a t i o n  and the  
p o t e n t i a l  b e n e f i t s  of  such status.  
appropr i a t e  dec i s ion  t o  be made with  regard  t o  f i l i n g  an NDA appl ica t ion .  

Because t h e  need f o r  c h e l a t i o n  therapy 

This  information w i l l . b e  submitted t o  DOE t o  allow an 
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T h i s  program w i l l  continue t o  monitor and eva lua te  up-to-date developments i n  che la t ion  
therapy involving improved p ro toco l s  and c a r r i e r  forms f o r  Ca-DTPA and Zn-DTPA as w e l l  as 
r e s e a r c h  on new che la to r s .  In  some cases, r e p o r t s  of new developments w i l l  be  t e s t e d  
experimental ly  i n  animals. When c l i n i c a l  t e s t i n g  of t hese  new developments i s  ind ica t ed ,  
t h e  appropr i a t e  IND amendments or new IND a p p l i c a t i o n s  w i l l  be submitted through DOE t o  FDA. 

The p o t e n t i a l  of Ca-DTPA encapsulated i n  LUV-type n e u t r a l  liposomes w i l l  b e  inves t iga t ed  
f u r t h e r  by determining t h e  b e s t  p r o t o c o l  f o r  removal of Ia%b from rats. 
t h e  most favorable  time a f t e r  exposure for adminis ter ing t h e  c h e l a t i n g  agent.  
p o s s i b i l i t y  t h a t  using a combination of  f r e e  and liposome-encapsulated c h e l a t o r s  may be more 
e f f e c t i v e  than e i t h e r  agent by i t s e l f  w i l l  be h v e s t i g a t e d .  
optimal sequence €o r  t h e  two types o f  c h e l a t i n g  agen t s  w i l l  be determined. 
experiments should allow ua t o  s e l e c t  t h e  best  o v e r a l l  treatment technique, using liposome1 
and/or  f r e e  DTPA, for removal of 16%b from r a t s .  

We w i l l  determine 
The 

I f  t h i s  is t h e  case,  t h e  
These 

Planned Progress  in ET88 

Ass i s t ance  and Consultation by REAC/TS 

REAC/TS w i l l  cont inue t o  provide r o u t i n e  24-hour p e r  day s e r v i c e  through a s s i s t a n c e  by 
c o n s u l t a t i o n  o r  d i r e c t  involvement. 
medical p ro toco l s  f o r  handling t h e  exposed/contaminated r a d i a t i o n  accident  vict im.  

E f f o r t s  w i l l  be  d i r e c t e d  t o  cont inue development of 

The REX/TS R e g i s t r i e s  

The R e g i s t r i e s  w i l l  be maintained t o  meet programmatic needs of i n v e s t i g a t o r s  i n  t h e  Medical 
and Heal th  Sciences Division and o the r  rou t ine  use r s .  
m o r t a l i t y  and morbidity among DOE/DOE c o n t r a c t o r  workers using workers s e l e c t e d  from t h e  
same sites f o r  comparison, 
t h e s e  analyses  as they become a v a i l a b l e  from t h e  Johns Hopkins epidemiology group. 
Compilation of t h e  DOE 25 rem career exposure r o s t e r  w i l l  be completed f o r  s e l ec t ed  
f a c i l i t i e s  as resources allow i n  p repa ra t ion  f o r  a study of m o r t a l i t y  among persons wi th  25 
r e m  p e r  year  compared with t h a t  among persons with t o t a l  ca ree r  exposures of 25 rems. 

Analyses w i l l  be completed of 

Data f o r  c i v i l i a n  n u c l e a r  shipyard workers w i l l  be included in 

Tra in ing  Medical and Paramedical Personnel 

In Fy88, REAC/TS w i l l  cont inue its t r a i n i n g  program and it i s  p ro jec t ed  t h a t  a t o t a l  of 10 
formal t r a i n i n g  courses w i l l  be  o f f e r e d  including t h r e e  courses f o r  occupational physicians 
and nurses ,  two f o r  h e a l t h  p h y s i c i s t s .  and f i v e  f o r  h o s p i t a l  emergency department personnel.  
REAC/TS w i l l  cont inue t o  pub l i sh  i ts  q u a r t e r l y  news le t t e r  and p a r t i c i p a t e  i n  o f f - s i t e  
t r a i n i n g  a c t i v i t i e s  as requested by both h e a l t h  physics  and medical a s soc ia t ions  a t  t h e  
l o c a l ,  s t a t e ,  and na t iona l  l e v e l s .  

B io log ica l  Dose Estimation 

During J?Y 88 t h e  REAC/TS Cytogenetics Group w i l l  cont inue dosimetry and follow-up 
e v a l u a t i o n s  i n  se l ec t ed  persons having recent  o r  previous r a d i a i t o n  exposures. 
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We a l s o  p l a n  t o  con t inue  our s t u d i e s  with cryopreserved lymphocytes t o  include eva lua t ions  
of t h e  e f f e c t s  of dose f r a c t i o n a t i o n  and p r o t r a c t i o n  on t h e  induc t ion  of DNA l e s i o n s  t h a t  
l e a d  t o  chromosome a b e r r a t i o n  formation i n  lymphocytes exposed i n  t h e  frozen state. It is  
a n t i c i p a t e d  
cryopreserved lymphocytes. and t h a t  DNA damage induced by chronic  r a d i a t i o n  exposure would 
simply be accumulated i n  t h e  ce l l s  i n  t h e  f rozen  state. Thus t h e  formetion of two-break 
chromosome a b e r r a t i o n s  as a r e s u l t  of m i s r e p a i r  of DNA damage should not occur u n t i l  t h e  
cryopreserved c e l l s  have been rehydrated and thawed. 
experiments w i l l  be  undertaken t o  determine whether f r a c t i o n a t i o n  e f f e c t s  can be observed i n  
cryopreserved lymphocytes. 
regarding a b e r r a t i o n  production i n  f rozen ce l l s .  bu t  w i l l  a l s o  serve as a system f o r  
e v a l u a t i n g  mechanisms involved i n  t h e  formation of two-break a b e r r a t i o n s  i n  lymphocytes. 

t h a t  enzymatically dependent r e p a i r  systems would be inope ra t ive  i n  

To tes t  t h i s  hypothesis.  s p l i t  dose 

Data from t h e s e  s t u d i e s  w i l l  not only provide information 

Prel iminary d a t a  have ind ica t ed  t h a t  when bromodeoxyuridine is p resen t  a t  t h e  time of 
t reatment  w i t h  a chemical it may a c t  s y n e r g i s t i c a l l y  wi th  some chemicals. Further  in- 
v e s t i g a t i o n s  w i l l  be  conducted t o  determine i f  such a problem e x i s t s  in our assay system t o  
t h e  e x t e n t  t h a t  i t  con t r a ind ica t e s  t h e  p re sen t  p r a c t i c e  of using bromodeoxyuridine t o  i n s u r e  
t h a t  only f i r s t  d i v i s i o n  metaphases are scored.  The micronucleus assay o f f e r s  c e r t a i n  
advantages over o the r  cytogenet ic  methods f o r  geno tox ic i ty  measurements. The r e l a t i v e  
merits of t h e  t h r e e  common cytogenet ic  a s says  w i l l  b e  evaluated by including simutaneous 
micronucleus a s says  of chemicals being t e s t e d  f o r  SCE and a b e r r a t i o n  induction. 

Heal th  Physics 

The h e a l t h  physics  component of t h e  REAC/TS emergency response team w i l l  cont inue t o  support  
REAC/TS commitments in r a d i a t i o n  emergency a s s i s t a n c e  and in t r a i n i n g  e f f o r t s .  E f f o r t s  w i l l  
be  made t o  enhance t h e  c a p a b i l i t i e s  f o r  p r e d i c t i n g  r a d i a t i o n  dose following i n t e r n a l  
contaminat ion. 

DPTA Chelation Therapx 

Management of t h e  Ca-DTPA and Zn-DTPA IND's w i l l  cont inue,  along w i t h  t h e  evaluat ion of new 
developments i n  c h e l a t i o n  therapy, t o  determine t h e  importance of f u r t h e r  p r e c l i n i c a l  o r  
c 1 i n i c a l  i n v e s t i g a t i o n .  

The u s e  of  DTPA reported by co - inves t iga to r s  i n  J?Y 87 w i l l  be  r epor t ed  t o  t h e  FDA and added 
t o  t h e  DTPA Reg i s t ry  d a t a  base f o r  e v a l u a t i o n .  Long-term medical follow-up of DTPA-treated 
i n d i v i d u a l s  w i l l  cont inue.  
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20h. Relat ionship t o  Other P r o j e c t s  

Within ORAU. RBAC/TS ha6 c l o s e  c o l l a b o r a t i v e  r e l a t i o n s h i p s  wi th  t h e  (a) Radiation Safety 
Off ice, (b) t h e  Preclinical  and C l i n i c a l  Radiopharmaceutical Development Groups , (c) t he  
Center f o r  Epidemiology Research. (dl t h e  Manpower Education. Research. and Training 
Div i s ion ’ s  P ro fes s iona l  Training Programs. (e) t h e  I n t e r n a l  Dosimetry Center. and ( f )  t h e  
Biochemistry Group. 

Outside r e b t i O n 6 h i p s  i n  t h e  Oak Ridge area erist between REAC/TS and (a) t h e  s t a f f  of t h e  
Methodist Medical Center of Oak Ridge; (b) t h e  Medical Departments of t h e  DOE-Oak Ridge 
n u c l e a r  f a c i l i t i e s  (X-10, K-25, and Y-12); (c)  t h e  Health and Safety Research Divisions of 
O W ;  (d) p r i v a t e  physicians of t h e  Oak Ridge Medical Community; and (e) a number of ou t s ide  
c o n s u l t a n t s  s e rv ing  as f a c u l t y  members of t h e  REAC/TS t r a i n i n g  programs. 

I n  add i t ion .  REAC/TS has e s t ab l i shed  r e l a t i o n s h i p s  f o r  teaching, consu l t a t ion ,  and expert  
testimony with t h e  AFRRI. t h e  VA h o s p i t a l  system. FEMA. WHO, PAHO. and t h e  U.S. Department 
of J u s t i c e .  

The DTPA c h e l a t i o n  therapy program i s  managed by REAC/TS. because of its involvement in t h e  
medical management of r a d i a t i o n  a c c i d e n t s  and t r a i n i n g .  Other s t a f f  members of ORAU ’ 8  MHSD 
(p reel i n i c  e l  radio-pharmac eu t  i c  a1 development . b io log ica l  c hemist r y  . and epidemiology) &d 
c o n s u l t a n t s  c o n t r i b u t e  t o  t h i s  task: S. Garrett. M.D.. Oak Ridge Nat ional  Laboratory; G. 
Poda. M.D.. Savannah River Laboratory; G. Voelz. M.D.. Los Alamos S c i e n t i f i c  Laboratory; B. 
B r e i t e n s t e i n ,  M.D.. Hanford Enviormental Health Foundation; E. Saenger. M.D.. University of 
C inc inna t i ;  N. Wald. H.D., Universi ty  o f  Pi t tsburgh;  N. Cohen. New York University;  and C. 
Mays. Universi ty  of Utah. 
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FY 88 201. Cap i t a l  EquGment E'Y 87 - 
Zeiss IBAS 2000 Image Analysis System 
t o  upgrade e x i s t i n g  equipment 

The Zeiss IBAS 2000 Image Analysis System 
i s  required t o  upgrade and modernize e x i s t i n g  
chromosome a n a l y s i s  c a p a b i l i t i e s .  The instrument 
automatical ly  scans e l i d e s ,  l o c a t e s  metaphases, 
records coord ina te s ,  and provides prel iminary 
karyotypic  a n a l y s i s .  These func t ions  reduce time 
required for sco r ing  of p repa ra t ions  by about 75% 
and, t h e r e f o r e ,  g r e a t l y  inc rease  volume of work 
t h a t  can b e  generated by Research Associate  S t a f f .  

Two Linear Transducer D i g i t a l  Readouts for 
mic roscopes 

Foreign Trave l  

Toronto , Canada 
IAEA-sponsored working group meeting 
on use of chromosome a b e r r a t i o n  
a n a l y s i s  i n  b i o l o g i c a l  dosimetry - 
REAC/TS Cytogenetics experience 
w i l l  be  presented 

Edinburgh, Scotland 
P a r t i c i p a t i o n  i n  t h e  Eighth I n t e r n a t i o n a l  
Congress of Radiation Research 
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18. TASK DESCRIPTION I A w r c u h .  relatron io murk  p y k a p ,  in 200 words or leu) 

The I n s t i t u t e  f o r  Energy Analysis of Oak Ridge Associated Un ive r s i t i e s  has 
been examining p o t e n t i a l  r e l a t ionsh ips  between ion iz ing  r ad ia t ion  and age-specif ic  
cancer  incidence.  Resu l t s  t o  da t e  i n d i c a t e  t h a t  low-level whole-body ioniz ing  
r a d i a t i o n  exposure a l t e r s  t h e  hormonal system t o  reduce a p p e t i t e  and the  r e s u l t i n g  
r educ t ion  of food i n t a k e  prolongs the l i f e  of d i f f e r e n t  i nd iv idua l s  t o  d i f f e r e n t  
degrees .  The age-specif ic  incidence of cancer  I n  a population is  somewhat reduced 
by l h i s  mechanism. 

During FY 1986 the I n s t i t u t e  is  i n v e s t i g a t i n g  t h i s  r e l a t i o n s h i p  t o  develop 
t h e  hypothesis  and i t s  r e l a t i o n s h i p  t o  o the r  causes  of senescent death.  
approach is  t o  search t h e  l i t e r a tu t e ;  review :he ava i l ab le  d a t a  i n  t h e  spec ia l i zed  
f i e l d s  of n u t r i t i o n  and c a l o r i c  in take ,  r a d i a t i o n  e f f e c t s ,  and n a t u r a l  s e l ec t ion ;  
and at tempt  t o  i d e n t i f y  causa l  r e l a t i o n s h i p s  between observed sets of daca. 
are consu l t ing  c l o s e l y  and holding d i scuss ions  with other  s c i e n t i s t s  whose s p e c i a l  
l a b o r a t o r y  research comprises s p e c i f i c  segments of t he  ove ra l l  physiology t h a t  
would be involved i n  t h e s e  concepts. 

The 

We 

During FY 1987 and FY 1988 t h e  I n s t i t u t e  will continue examining the  po- 
t e n t i a l  r e l a t i o n s h i p s  between age-specif ic  cancer incidence i n  l igh t  of new data 
and co l l abora t e  with other i n s t i t u t i o n s  doing labora tory  research which may 
i l l u m i n a t e  the  hypothesis  w e  are developing. 
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