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A. Summary 

This  t r i p  r e p o r t  i s  being submi t ted  by L. Gayle L i t t l e f i e l d ,  Ph.D., 

D i rec to r  of the  Cytogenet ics  Labora tory  of t h e  Medical and Hea l th  Sc iences  

Div is ion  of Oak Ridge Assoc ia t ed  Univer s i t i e s  (under  Cont rac t  

%DE-AC05-750R00033 wi th  t h e  U. S. Department of Energy). The o f f i c i a l  p o r t i o n  

of t h i s  t r i p  extended 'from J u l y  1, 1983 through J u l y  12, 1983. 

The d e s t i n a t i o n s  of t h i s  t r i p  were Amsterdam, The Nether lands ,  where the  

7 t h  I n t e r n a t i o n a l  Congress of Rad ia t ion  Research was he ld  from J u l y  3-8, 1983, 

and Vienna, Aus t r i a ,  f o r  t h e  t r a v e l e r  t o  a t t e n d  t h e  I n t e r n a t i o n a l  Atomic Energy 

Agency Technical Committee Meeting on "Medical Handling of Overexposed Persons" 

h e l d  from Ju ly  11-15, 1983. On J u l y  11 and 12 ,  1983, the  t r a v e l e r  a t t ended  t h e  

l a t t e r  meeting a t  t he  i n v i t a t i o n  of D r .  A. Bianco, S c i e n t i f i c  S e c r e t a r y ,  IAEA. 

The purpose of t h i s  t r a v e l  ass ignment  was twofold:  t h e  f i r s t ,  t o  

p a r t i c i p a t e  i n  and p r e s e n t  an  a b s t r a c t  e n t i t l e d  "Six year  cy togene t i c  follow-up 

of an ind iv idua l  heav i ly  contaminated w i t h  Americium 241" a t  t h e  7 t h  

I n t e r n a t i o n a l  Congress of Rad ia t ion  Research. Secondly, Dr. L i t t l e f i e l d  

r ep resen ted  REACITS a s  an  i n v i t e d  member of a t e c h n i c a l  committee convened by 

The I n t e r n a t i o n a l  Atomic Energy Agency i n  Vienna. The purpose of t he  committee 

meet ing was t o  d i s c u s s  t h e  s u b j e c t  material t o  be inc luded  i n  f u t u r e  IAEA 

p u b l i c a t i o n s  on the  medical  c r i t e r i a  f o r  t rea tment  of overexposed persons.  

The f u l l  r epor t  r e p r e s e n t s  a summary of t he  con ten t s ,  t h e  h i g h l i g h t s ,  and 

t h e  t r ave le r ' s  impression of both meet ings.  
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Actual c o s t s  of the t r a v e l  are i temized a s  f o l l o w s :  

Transportation : 

Lodging : 

Per diem: 

R e g i s t r a t i o n  f e e :  

TOTAL : 

$ 1272.13 

563.30 

303.50 

$ 205.00 

$ 2043.93 
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B. Comprehensive and D e t a i l e d  T r i p  Report 

7 t h  I n t e r n a t i o n a l  Congress of Radia t ion  Biology 

The 7 t h  I n t e r n a t i o n a l  Congress  of Radia t ion  Biology was h e l d  i n  Amsterdam, 

The Nether lands ,  J u l y  3-8, 1983. The meeting was a t t ended  by 1304 r e g i s t e r e d  

p a r t i c i p a n t s  from 45 d i f f e r e n t  c o u n t r i e s .  The l a r g e s t  con t ingen t  of s c i e n t i s t s  

(over  400 t o t a l )  was from t h e  Uni ted  S t a t e s ,  and included a number of 

p a r t i c i p a n t s  from v a r i o u s  DOE f a c i l i t i e s  ( i . e .  Brookhaven, Argonne, Hanford, 

Lawrence Livermore,  Los Alamos, and Oak Ridge Nat iona l  L a b o r a t o r i e s ,  and ORAU) .  

S i t e  of Congress: 

The Congress was h e l d  a t  t h e  RAI (pronounced RT) on t h e  Southern  o u t s k i r t s  

of t h e  c i t y  of Amsterdam. The RAI, which we l ea rned  dur ing  t h e  c l o s i n g  

ceremony was the  Dutch a b b r e v i a t i o n  f o r  Bicycle  and Automotive I n s t i t u t e ,  i s  a 

sprawling,  very  modern I n t e r n a t i o n a l  Congress Center ,  complete wi th  a number of 

l a r g e  well-equipped aud i to r iums  (Gro te ) ,  s eve ra l  smaller  l e c t u r e  rooms, a bank, 

post  o f f i c e ,  r e s t a u r a n t s ,  and ba r s .  The f a c i l i t y  was q u i t e  impress ive ,  and 

c e r t a i n l y  l a r g e  enough t o  c o n t a i n  a meeting of our s i ze .  The only disadvantage 

t h a t  I found wi th  the  Congress Center  was the  d i s t ance  between the  seven 

v a r i o u s  meet ing h a l l s  where p o s t e r s  were displayed.  

l o c a t e d  wi th  regard  t o  lodg ing  accommodations f o r  p a r t i c i p a n t s .  Severa l  

modern, h igh- r i se  h o t e l s  were w i t h i n  a 15 minute walking d i s t a n c e ,  and a 

combination tram-railway s t a t i o n  wi th  m u l t i p l e  i n t e r c o n n e c t i o n s  t o  a l l  p a r t s  of 

t he  c i t y  w a s  l o c a t e d  w i t h i n  10 minutes  walking d i s t ance  from the  meeting 

f a c i l i t y  . 

The RAI was convenient ly  

Planning and Orzan iza t ion  of The Congress: 

The Congress was wel l -organized  and compliments a r e  due members of the 

Organizing Committee ( e s p e c i a l l y  J. J. Broerse,  Sec re t a ry  General)  and t o  the  

S c i e n t i f i c  Program Committee. General  announcements f o r  t h e  meet ing appeared 

over a year  i n  advance, and the  f i r s t  c a l l  f o r  pape r s  i n  February 1983. 
Correspondence r ega rd ing  s c i e n t i f i c  p r e s e n t a t i o n s  was handled promptly,  and 

Program o u t l i n e s  and fo rma t s  f o r  p r e s e n t a t i o n s  were mailed t o  p rospec t ive  

p a r t i c i p a n t s  s eve ra l  weeks i n  advance. Likewise, the  Dutch Trave l  Agency, 

Wagon L i t s ,  was very  accommodating i n  r e se rv ing  lodging,  as  w a s  Matisse Travel 

i n  schedul ing ove r seas  a i r  t r a v e l  a t  reduced r a t e s  f o r  members of t h e  U. S. 

Radia t ion  Research Soc ie ty .  
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R e g i s t r a t i o n  and Informat ion  Desks were open on Sunday, J u l y  3 from 12.00 - 
18.00 hours ,  and check-in of p a r t i c i p a n t s  was accomplished without  delay.  Upon 

r e g i s t e r i n g  w e  r e c e i v e d  Congress badges, a Revised Program Out l ine ,  and f i v e  

volumes of t h e  publ i shed  a b s t r a c t s  of t h e  p r o f f e r e d  papers. Throughout t h e  

remainder of t h e  week, R e g i s t r a t i o n ,  Informat ion ,  and o ther  Serv ice  Desks 

remained open i n  t h e  lobby of t h e  main h a l l  of t h e  Congress Center,  and were 

s t a f f e d  by h e l p f u l  and congenial  per  sons. 

The Committee f o r  accompanying persons  and s o c i a l  a c t i v i t i e s  a l s o  d i d  a 

commendable j o b  i n  a r r a n g i n g  a s p e c i a l  program on Monday evening by t h e  

N a t i o n a l  Youth O r c h e s t r a  which was p r e s e n t e d  a t  t h e  Concertgebouw, and a 

Congress e x c u r s i o n  on Wednesday a f t e r n o o n  t o  t h e  town of Hoorn. P a r t i c i p a n t s  

a l s o  r e c e i v e d  a week tram-pass f o r  t r a v e l  on a l l  p u b l i c  t r a n s p o r t a t i o n  systems 

and a t i c k e t  f o r  a cana l  t r i p  through t h e  h i s t o r i c  d i s t r i c t  of t h e  c i t y .  

S c i e n t i f i c  Program: 

The S c i e n t i f i c  Program Committee f o r  t h e  Congress cons is ted  of 29  persons 

and was cha i red  by G. W. Barendsen. The Organizing Committee designed a 

s c i e n t i f i c  program w i t h  a s t r u c t u r e  d i f f e r e n t  from t h a t  used i n  e a r l i e r  

Congresses. A6 no ted  by t h e  Committee, t h e  s p e c i f i c  aims of the r e v i s e d  format  

were t o  opt imize t h e  informat ion  exchange and i n t e r a c t i o n  among p a r t i c i p a n t s .  

The number of p a r a l l e l  s e s s i o n s  was reduced in an e f f o r t  t o  avoid o v e r l a p  of 

s u b j e c t s  of i n t e r e s t  t o  t h e  same p a r t i c i p a n t .  To accomplish t h i s ,  t h e  v a s t  

m a j o r i t y  of c o n t r i b u t i o n s  were presented  and d iscussed  i n  33 poster-workshop 

s e s s i o n s .  Each of t h e s e  s e s s i o n s  was in t roduced  by an i n v i t e d  speaker,  and 

summarized by an  i n v i t e d  rappor teur .  E i t h e r  s i x  o r  seven poster-workshops were 

presented  concurren t ly  on each day of t h e  Congress. 

The S c i e n t i f i c  Program of t h i s  Congress was divided i n t o  f i v e  broad groups,  

i n c l u d i n g :  A. Chemistry and Physics;  B. Biology; C. Somatic and Genet ic  

E f f e c t s ;  D. Tumor Biology and Therapy; E. Dosimetry. Radionuclides and 

Technolow.  Each of t h e s e  c a t e g o r i e s  inc luded  6-8 s p e c i f i c  r e s e a r c h  a r e a s ,  f o r  

example, t h e  S c i e n t i f i c  S e s s i o n s  i n  B. Biology included: 

B. 1 Radia t ion  biochemistry-mechanisms of damage 

B. 2 DNA damage and r e p a i r  i n  c e l l s  

B. 3 E f f e c t s  on DNA and membranes 

B. 4 Mutagenesis and chromosome changes 

B. 5 L e t h a l ,  s u b l e t h a l  and p o t e n t i a l l y  l e t h a l  damage i n  c e l l s  
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B. 6 S e n s i t i z a t i o n  and p r o t e c t i o n  

B. 7 Repair  i n  c e l l s ,  c e l l  c o n t a c t  

P a r t i c i p a n t s  submit ted two-page "extended a b s t r a c t s "  i n  February,  which 

were a s s i g n e d  t o  s p e c i f i c  s u b j e c t  a r e a s .  

p r e  sen ted  . 
Approximately 1000 c o n t r i b u t i o n s  were 

I n  a d d i t i o n  t o  t h e  p r o f f e r e d  p a p e r s  and i n v i t e d  c o n t r i b u t i o n s  presented  i n  

t h e  poster-workshops, two p a r a l l e l  semi-plenary l e c t u r e s  were presented  by 

i n v i t e d  speakers  i n  t h e  two l a r g e  audi tor iums on Monday, Tuesday, Thursday and 

Friday morning. 

Although t h e  t o p i c s  of primary i n t e r e s t  t o  m e  were those s t u d i e s  r e l a t e d  t o  

human o r  mammalian c y t o g e n e t i c s ,  a number of o t h e r  study a r e a s  were of 

p e r i p h e r a l  i n t e r e s t  t o  our  work a t  O M U ,  o r  d i r e c t l y  r e l e v a n t  t o  t h e  t a s k  of 

NCRP Committee 40 i n  d e f i n i n g  b i o l o g i c a l  e f f e c t s  of r a d i a t i o n s  of d i f f e r i n g  

LET. For t h i s  reason  I a t t e n d e d  a v a r i e t y  of p r e s e n t a t i o n s  which a r e  

a b s t r a c t e d  i n  t h e  fo l lowing  s e c t i o n .  

H i g h l i g h t s  of s e l e c t e d  c o n t r i b u t i o n s  t h a t  r e l a t e d  t o  ongoinn work a t  ORAU 

For t h e  l a s t  s e v e r a l  years our  r e s e a r c h  e f f o r t s  have focused on 1) us ing  

c y t o g e n e t i c  methodology t o  a s s e s s  t h e  induct ion  o r  long-term p e r s i s t e n c e  of 

a b e r r a t i o n s  i n  lymphocytes of persons  having r e c e n t  o r  previous exposures  t o  

i o n i z i n g  r a d i a t i o n  2 )  apply ing  c y t o g e n e t i c  techniques  i n  q u a n t i f y i n g  t h e  

c e l l u l a r  e f f e c t s  of r a d i a t i o n s  having d i f f e r i n g  LETS 3 )  a s s e s s i n g  t h e  r i s k  of 

i n d u c t i o n  by chemicals of t r a n s m i s s i b l e  c y t o g e n e t i c  l e s i o n s  i n  female germ 

c e l l s  and 4) i n  d e f i n i n g  parameters  t h a t  a f f e c t  t h e  expression of c y t o g e n e t i c  

h y p e r s e n s i t i v i t y  i n  persons and an imals  a t  i n c r e a s e d  r i s k  f o r  malignancy. 

P o s t e r s ,  semi-plenary l e c t u r e s ,  and i n t r o d u c t o r y  t a l k s  t h a t  addressed t h e s e  

v a r i o u s  s u b j e c t s  were presented  on s e v e r a l  d i f f e r e n t  days i n  a v a r i e t y  of 

d i f f e r e n t  s e s s i o n s ,  and f o r  s i m p l i c i t y  i n  h i g h l i g h t i n g  important f i n d i n g s ,  I 

have grouped papers  by s u b j e c t  areas (which do not  n e c e s s a r i l y  r e f l e c t  the  

s u b j e c t  a r e a s  t o  which t h e  p o s t e r s  were ass igned  i n  t h e  Program). The 

informat ion  presented  i n  each p o s t e r  w a s  summarized i n  "extended a b s t r a c t s "  

which were l i m i t e d  i n  l e n g t h  t o  two single-spaced typed pages. Because t a b l e s  

and f i g u r e s  could be inc luded  i n  t h e  a b s t r a c t s ,  t h i s  format more c l o s e l y  

resembled "br ief  r e p o r t s "  than  t h e  t y p i c a l  250 word a b s t r a c t .  S ince  the  

extended a b s t r a c t s  were publ ished p r i o r  t o  opening day of t h e  Congress, I w i l l  

no t  r e i t e r a t e  many t e c h n i c a l  d e t a i l s  presented i n  t h e  p r i n t e d  t e x t ,  but w i l l  
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note  s i g n i f i c a n t  f i n d i n g s  t h a t  I considered most r e l e v a n t  t o  ongoing work i n  

our  labora tory .  

Cytogenet ic  methods i n  popula t ion  monitor ing and b i o l o g i c a l  dosimetry 

A number of papers  which dealt  wi th  c y t o g e n e t i c  methods i n  popula t ion  

moni tor ing  were presented  i n  a v a r i e t y  of d i f f e r e n t  sess ions .  In a d d i t i o n ,  one 

poster-workshop s e s s i o n  was devoted t o  b i o l o g i c a l  i n d i c a t o r s  of dose. 

D r .  David Lloyd of t h e  Nat iona l  P r o t e c t i o n  Board, Harwell ,  gave t h e  

i n t r o d u c t o r y  l e c t u r e  i n  t h i s  sess ion ,  Dosimetry: B i o l o g i c a l  I n d i c a t o r s ,  i n  

which I presented  a p o s t e r .  

poster-workshop were c y t o g e n e t i c i s t s ,  Dr. Lloyd gave a n i c e  overview of t h e  

u t i l i t y  of a number of d i f f e r e n t  systems t h a t  have been used a s  b i o l o g i c a l  

i n d i c a t o r s .  H e  i n t r o d u c e d  t h e  subjec t  by n o t i n g  t h a t  i n d i c a t o r  systems should 

have the  fo l lowing  a t t r i b u t e s :  1 )  The systems should r e q u i r e  a b i o l o g i c a l  

sample t h a t  i s  o b t a i n e d  from t h e  donor with a minimum of trauma; 2) 

Measurements of e f f e c t  must be reproducib le ,  and should n o t  show l a r g e  

v a r i a b i l i t y  between d i f f e r e n t  donors,  nor i n  measurements made between 

d i f f e r e n t  l a b o r a t o r i e s .  3 )  The e f f e c t s  t h a t  a r e  t o  be measured must p e r s i s t  

f o r  a reasonable  p e r i o d  of t i m e ,  i.e. those e f f e c t s  which a r e  t r a n s i e n t  w i l l  

obviously n o t  be of g r e a t  u t i l i t y  when doses a r e  es t imated  some t i m e  a f t e r  an  

exposure. 4 )  The b i o l o g i c a l  e f f e c t  t o  be measured must show good c o r r e l a t i o n  

wi th  r a d i a t i o n  dose, and i t  is important t h a t  t h e  e f f e c t  can be measured a t  

r e l a t i v e l y  low doses  ( l e s s  than  50 r a d ) .  

systems t h a t  may have p o t e n t i a l  a s  i n d i c a t o r s  of dose,  i n c l u d i n g  a l t e r a t i o n s  i n  

e x c r e t e d  m e t a b o l i t e s ,  serum enzymes, o r  serum thymidine. Each of these  systems 

makes use of body f l u i d s  (1.e. e i t h e r  ur ine  o r  serum) which a r e  e a s i l y  

obtained.  One of t h e  primary problems would be how long a f t e r  exposure a l t e r e d  

biochemical parameters p e r s i s t ;  t h a t  i s ,  whether o r  n o t  t h e  a l t e r e d  products  

are  t r a n s i e n t  i n  n a t u r e ,  o r  w i l l  s t i l l  be measurable f o r  a reasonable  time 

a f t e r  an exposure.  With r e f e r e n c e  t o  t h i s  p o i n t ,  he  c a l l e d  a t t e n t i o n  t o  a 

p o s t e r  presented  in t h e  s e s s i o n  which suggested t h a t  a l t e r a t i o n s  i n  serum 

thymidine may be observed a f t e r  exposure of mice t o  doses  of a s  low a s  0.5 

gray. The e f f e c t  h a s  not been induced a f t e r  i n  v i t r o  exposures  t o  r a d i a t i o n ,  

however, a f t e r  i n  v i v o  exposure,  t h e r e  i s  a r e d u c t i o n  in t h e  uptake of 

H3-thymidine when serum from i r r a d i a t e d  mice i s  added t o  f i b r o b l a s t s  grown i n  

c e l l  c u l t u r e .  This  system may have some p o t e n t i a l ,  but a s  y e t  h a s  n o t  been 

Although the  m a j o r i t y  of the  p a r t i c i p a n t s  i n  t h i s  

He noted t h r e e  p o s s i b l e  biochemical 
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t e s t e d  i n  o ther  species .  

Under poss ib le  c e l l u l a r  dos imeters ,  he l i s t e d :  membrane e f f e c t s ,  mitogen 

response ,  r e t i c u l o c y t e  count,  stem-cell count,  germ-cell e f f e c t s ,  and 

chromosome s tudies .  With regard  t o  membrane e f f e c t s ,  some i n t e r e s t i n g  new 

s t u d i e s  have shown a l t e r a t i o n s  i n  l e c i t h i n  binding a f t e r  exposure t o  some t y p e s  

of r a d i a t i o n .  Likewise, s t u d i e s  have suggested t h a t  r a d i a t i o n  exposure 

d e c r e a s e s  t ransformat ion  response of lymphocytes. However, t h e  response i s  

q u i t e  v a r i a b l e  among donors and q u i t e  v a r i a b l e  a t  d i f f e r e n t  do-ses and f o r  t h i s  

r e a s o n  cannot be a c c u r a t e l y  "ca l ibra ted" .  With regard t o  a l t e r a t i o n s  i n  

r e t i c u l o c y t e  count, some r e c e n t  s t u d i e s  have shown a depress ion  i n  r e t i c u l o c y t e  

counts  i n  mice a t  doses  of a s  low a s  13 rad .  S i m i l a r l y ,  r e c e n t  s t u d i e s  i n  dogs 

have shown decrease i n  t h e  number of s t e m  c e l l s  a f t e r  exposures t o  doses  a s  low 

a s  25 rad ,  and based on s t u d i e s  of g e m  c e l l s  i n  t e s t i c u l a r  b i o p s i e s ,  d e c r e a s e s  

have been seen a t  doses  a s  low a s  1 0  rad.  

To date, t h e  most r e l i a b l e  b i o l o g i c a l  i n d i c a t o r  t h a t  h a s  been descr ibed  f o r  

t h e  e s t i m a t i o n  of r a d i a t i o n  dose i s  t h e  use of radiat ion-induced chromosome 

l e s i o n s  i n  lymphocytes. A l l  t h a t  i s  r e q u i r e d  t o  undertake a c y t o g e n e t i c  s tudy  

i s  about  5 m l  of whole blood, which can be obta ined  with a minimum of trauma. 

Both i n  v i v o  and i n  v i t r o  s t u d i e s  have shown t h a t  e f f e c t s  are  h i g h l y  

reproducib le ,  and t h a t  t h e r e  i s  l i t t l e  v a r i a b i l i t y  among donors.  Likewise,  

a l though t h e r e  i s  some v a r i a b i l i t y  i n  measurement between l a b o r a t o r i e s ,  most 

g e n e r a t e  s imi la r  r e s u l t s .  Because t h e  lymphocyte i s  a long-l ived c e l l  wi th  a 

h a l f - l i f e  of approximately one thousand days, t h e  e f f e c t s  p e r s i s t  f o r  a long 

p e r i o d  of time and can be eva lua ted  many y e a r s  a f t e r  exposure. Induced 

c y t o g e n e t i c  l e s i o n s  n o t  only show good c o r r e l a t i o n  with r a d i a t i o n  dose,  but  

a l s o  some i n d i c a t i o n  of r a d i a t i o n  q u a l i t y  may be obtained from c y t o g e n e t i c  

s t u d i e s  by a s s e s s i n g  t h e  d i s t r i b u t i o n  of induced l e s i o n s  i n  damaged cel ls .  

e f f e c t  i s  measurable t o  doses  i n  t h e  range of about 10 r a d  f o r  low-LET 

r a d i a t i o n ,  and whole body doses  a s  low a s  approximately 5 r a d  may be measured 

a f t e r  exposures t o  high-LET r a d i a t i o n s  such a s  f i s s i o n  neutrons.  Because 

c y t o g e n e t i c  e f f e c t s  a re  s tudied  i n  a c i r c u l a t i n g  blood c e l l ,  cy togenet ic  dose 

estimates give i n d i c a t i o n  of equiva len t  whole body dose and may n o t  a c c u r a t e l y  

r e p r e s e n t  doses i n  i n s t a n c e s  of p a r t i a l  body exposure. 

The 

I n  terms of p a r t i a l  body exposures ,  D r .  Lloyd discussed r e c e n t  s t u d i e s  t h a t  

suggested the  p o s s i b i l i t y  of us ing  s k i n  f i b r o b l a s t s  c u l t u r e d  from a r e a s  
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d i r e c t l y  i n  t h e  r a d i a t i o n  f i e l d  a s  a n  i n d i c a t o r  of dose t o  a s p e c i f i c  p o r t i o n  

of t h e  body. Another approach t h a t  i s  c u r r e n t l y  under i n v e s t i g a t i o n ,  is t h e  

s tudy of e p i t h e l i a l  c e l l s  surrounding h a i r  f o l l i c l e s  f o r  induced cy togene t i c  

damage. There i s  some promise i n  s tudying  t h i s  type  c e l l  s i n c e  t h e  f o l l i c u l a r  

c e l l s  a re  i n  a Go ( r e s t i n g )  s t a t e  i n  t h e  f o l l i c l e ,  and f o r  t h i s  reason ,  l e s i o n s  

would p e r s i s t  u n t i l  t he  f i r s t  m i t o s i s  and n o t  be l o s t  dur ing  c e l l u l a r  

p r o l i f e r a t i o n .  Unfor tuna te ly ,  both t h e  f i b r o b l a s t  and f o l l i c u l a r  c e l l  systems 

are  q u i t e  new and w i l l  r e q u i r e  a g r e a t  dea l  of work t o  e s t a b l i s h  t h e i r  u t i l i t y  

i n  t h e  f u t u r e .  

Seve ra l  p o s t e r s  d e a l t  wi th  t h e  u t i l i t y  of c y t o g e n e t i c  methods i n  popula t ion  

moni tor ing ,  o r  addressed  i n  v i v o  o r  i n  v i t r o  v a r i a b l e s  t h a t  a f f e c t  t h e  

a c q u i s i t i o n  of cy togene t i c  data i n  t h e  lymphocyte c u l t u r e  system. Us. Jan 
- Tam, of B r i t i s h  Nuclear Fuels  Limi ted ,  summarized ongoing s t u d i e s  of t h e i r  

a n a l y s i s  of rad ia t ion- induced  chromosome l e s i o n s  i n  two-day BrdU-substi tuted 

lymphocyte c u l t u r e s  from r a d i a t i o n  workers  a t  Windscale.  The study popula t ion  

c o n s i s t s  of workers  w i th  known body burdens of plutonium ranging  from 0 - 
1480 Bq (acqu i red  by i n h a l a t i o n  o r  puncture  wound), and new e n t r y  workers w i t h  

no prev ious  exposures  t o  i n t e r n a l  o r  external r a d i a t i o n .  To date, they have 

observed a marked i n c r e a s e  i n  both s t a b l e  and u n s t a b l e  a b e r r a t i o n s  i n  a l l  t h r e e  

dose groups of plutonium workers r e l a t i v e  t o  those  seen i n  c o n t r o l s ,  wi th  

s t a b l e  a b e r r a t i o n s  exceeding uns t ab le  l e s i o n s  i n  a l l  groups inc lud ing  c o n t r o l s .  

S imar i ly ,  i n  a l l  groups of plutonium workers  t h e  d i s t r i b u t i o n  of l e s i o n s  was 
ove rd i spe r sed  r e l a t i v e  t o  t h a t  expec ted  based on Poisson  s t a t i s t i c s ,  a s  would 

be expec ted  a f t e r  exposure of human lymphocytes t o  h igh  energy a lpha  p a r t i c l e s .  

Although d i c e n t r i c  f r equenc ie s  were h ighe r  i n  smokers than  i n  nonsmokers, t h e  

i n c r e a s e  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  A major po in t  r a i s e d  by seve ra l  

persons  who viewed t h e  pos t e r  was t h a t  the  c o n t r o l  s u b j e c t s  are  cons iderably  

younger (about  20 y e a r s )  than the  popu la t ion  of workers  w i th  measurable body 

burdens of plutonium. Jan  i n d i c a t e d  t h a t  s t u d i e s  a r e  i n  p rogres s  i n  o lde r  

c o n t r o l  s u b j e c t s  t o  determine whether age i s  a confounding v a r i a b l e  i n  t h e i r  

ana ly  se s. 

I n t e r e s t i n g l y ,  t h e  e f f e c t s  of age on a b e r r a t i o n  induc t ion  in human 

lymphocytes was addressed  by G. Stephan and T. P. Chanq of t h e  Federa l  Republ ic  

of Germany who presented  da ta  ob ta ined  a f t e r  t h e  i n  v i t r o  exposure of human 
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whole blood from 25 men and 25 women t o  200 r a d  X-radiation. The age of t h e  

s u b j e c t s  ranged from newborn (cord  blood)  t o  85 years .  

p r o l i f e r a t i o n  k i n e t i c s  and a b e r r a t i o n s  i n  BrdU-substi tuted lymphocyte c u l t u r e s  

demonstrated t h a t  lymphocyte p r o l i f e r a t i o n  could n o t  be r e l a t e d  t o  age o r  sex 

of t h e  donor, and showed t h a t  w h i l e  t h e r e  w a s  l a r g e  i n d i v i d u a l  v a r i a b i l i t y  i n  

a b e r r a t i o n s  (about two-fold d i f f e r e n c e s )  t h e  v a r i a b i l i t y  was n o t  a t t r i b u t a b l e  

t o  t h e  donor's age or  sex. 

f r e q u e n c i e s  of second d i v i s i o n  metaphases i n  e a r l y  h a r v e s t  c u l t u r e s  from 

d i f f e r e n t  persons,  and i n  t h e  f r e q u e n c i e s  of a b e r r a t i o n s  induced fo l lowing  t h e  

i n  v i t r o  exposure of blood from d i f f e r e n t  donors t o  p e n e t r a t i n g  r a d i a t i o n s .  

Such v a r i a b i l i t y  i n  a b e r r a t i o n  f r e q u e n c i e s  can a l s o  be pronounced in r e p l i c a t e  

sets of d a t a  scored from c u l t u r e s  from t h e  same persons.  These f i n d i n g s  

emphasize t h a t  person t o  person  v a r i a b i l i t y  must be taken i n t o  account  by 

a p p r o p r i a t e  s t a t i s t i c a l  methods when d e f i n i n g  dose response r e l a t i o n s h i p s  f o r  

l e s i o n  i n d u c t i o n  i n  lymphocytes. 

The a n a l y s i s  of 

We have observed s i m i l a r  wide v a r i a b i l i t y  i n  t h e  

Regarding i n  v i t r o  v a r i a b l e s  t h a t  might a f f e c t  c y t o g e n e t i c  dose estimates, 

Schmid, Bauchinger and D r e S D  of t h e  Federal  Republic of Germany r e i t e r a t e d  a 

t e c h n i c a l  po in t  t h a t  h a s  been made i n  s e v e r a l  e a r l i e r  r e p o r t s ,  i.e. t h a t  

a c c u r a t e  estimates of t h e  i n d u c t i o n  of radiat ion-induced l e s i o n s  i n  lymphocytes 

can only  be made us ing  t e c h n i q u e s  t h a t  a l low s e l e c t i o n  of f i r s t  d i v i s i o n  

metaphases f o r  q u a n t i t a t i o n  of damage. These a u t h o r s  have shown t h a t  a f t e r  i n  

v i t r o  exposure of lymphocytes t o  low doses  of r a d i a t i o n ,  t h e  a n a l y s i s  of 

e x c l u s i v e l y  f i r s t  d i v i s i o n  metaphses (Ml) c e l l s  (made us ing  FPG methods), 

y i e l d s  s i g n i f i c a n t l y  h i g h e r  f r e q u e n c i e s  of radiat ion-induced d i c e n t r i c s  t h a n  

convent iona l  techniques.  T h i s  r e s u l t s  from t h e  f a c t  t h a t  s i g n i f i c a n t  numbers 

of lymphocyte metaphases may be i n  t h e i r  second p o s t - r a d i a t i o n  c e l l  d i v i s i o n  i n  

48 h r  c u l t u r e s  of PHA-stimulated lymphocytes, which r e s u l t s  i n  a n  a r t i f a c t u a l  

r e d u c t i o n  i n  t h e  f r e q u e n c i e s  of c e l l s  bear ing u n s t a b l e  a b e r r a t i o n s  (due t o  t h e  

m i t o t i c  l e t h a l i t y  of t h e s e  l e s i o n  c l a s s e s ) .  To use or not  t o  use BrdU 

methodology f o r  r o u t i n e  dosimetry e s t i m a t e s  was f u r t h e r  d i s c u s s e d  i n  t h e  

rappor teur ' s  c l o s i n g  remarks. The obvious advantage of t h e  method i s  t h a t  

d i f f e r e n t i a l  s t a i n i n g  t e c h n i q u e s  al low the  e x c l u s i v e  s e l e c t i o n  of f i r s t  

d i v i s i o n  metaphases f o r  a n a l y s e s ;  t h e  disadvantage of t h e  system i s  t h a t  

f r e q u e n t l y  t h e  morphology of t h e  metaphases i s  i n f e r i o r  on d i f f e r e n t i a t e d  

s l i d e s .  Suggest ions on how t o  d e a l  wi th  t h e  problem inc luded  ( 1 )  t o  i n i t i a t e  
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d u p l i c a t e  c u l t u r e s  w i t h  and wi thout  BrdU, and t o  use s u b s t i t u t e d  c u l t u r e s  f o r  

a n a l y s i s  of p r o l i f e r a t i o n  k i n e t i c s ,  and t o  use u n s u b s t i t u t e d  c u l t u r e s  f o r  

s c o r i n g  a b e r r a t i o n s ,  ( 2 )  i n i t i a t e  a l l  c u l t u r e s  wi th  BrdU, determine percent  

seconds on d i f f e r e n t i a t e d  s l i d e s ,  s c o r e  l e s i o n s  on c u l t u r e s  s t a i n e d  by r o u t i n e  

methods. 

In a d d i t i o n  t o  several papers  t h a t  addressed  v a r i o u s  f a c t o r s  i n f l u e n c i n g  

t h e  assessment of a b e r r a t i o n s  i n  lymphocytes from i r r a d i a t e d  persons,  two 

p o s t e r s  presented  q u a n t i t a t i v e  i n f o r m a t i o n  on i n  v i t r o  and i n  v i v o  parameters 

a f f e c t i n g  t h e  y i e l d  of rad ia t ion- induced  micronucle i .  Bauchinzer and Huber 

d e s c r i b e d  a ser ies  of i n  v i t r o  exper iments  i n  which they had observed t h e  

fo l lowing:  ( 1 )  t h a t  t h e  methodology f o r  f i x a t i o n  of c e l l s  h a s  s i g n i f i c a n t  

e f f e c t s  on t h e  number of micronucle i  observed ( 2 )  t h a t  hypotonic  t rea tment  w i t h  

0.1 MKCl f o r  8 min a t  room t empera ture  p r e s e r v e s  t h e  morphology of i n t e r p h a s e  

n u c l e i ,  and y i e l d s  more c o n s i s t e n t  counts ,  ( 3 )  t h a t  t h e  d i s t r i b u t i o n  of 

micronucle i  was o v e r d i s p e r s e d  i n  24 of 30 a n a l y s e s  (4) t h a t  d i f f e r e n t  dose 

response r e l a t i o n s h i p s  a r e  obta ined  f o r  48 h r  ( l i n e a r )  and 72  h r  

( l i n e a r - q u a d r a t i c )  d a t a .  The a u t h o r s  concluded t h a t  t h e r e  a r e  s e v e r a l  problems 

w i t h  t h e  system i n c l u d i n g  t h e i r  o b s e r v a t i n s  of high background f r e q u e n c i e s  (220 

micronuclei /1000 c e l l s  a t  48 h r ,  140 micronuclei /1000 c e l l s  a t  96 h r ) ,  and 

t h e i r  l a c k  of a b i l i t y  t o  d e t e c t  e f f e c t s  i n  c e l l s  exposed t o  l ess  than 30 rad.  

They f u r t h e r  noted t h a t  f o r  c a l i b r a t i o n  purposes  a s tandard ized  c u l t u r e  t i m e  

y i e l d i n g  a maximum response  cannot be recommended. The d a t a  presented by t h e s e  

a u t h o r s  show much h i g h e r  background f r e q u e n c i e s  of micronuclei  than t h a t  

r e p o r t e d  by o t h e r  groups i n  ear l ie r  s t u d i e s  ( i . e .  about 5/1000). They 

a t t r i b u t e d  these  d i f f e r e n c e s  t o  t h e i r  improved method f o r  hypotonic  t rea tment  

which allowed them t o  more a c c u r a t e l y  count micronucle i  i n  i n t a c t  c e l l s .  

I n  a second paper on t h e  assessment  of micronucle i  i n  human lymphocytes, 

Norman and h i s  a s s o c i a t e s  from UCLA r e p o r t e d  t h a t  t h e  background frequency of 

micronucle i  i n  c u l t u r e s  from c o n t r o l  s u b j e c t s  shows a s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  with s u b j e c t  age. They concluded t h a t  s t u d i e s  of r a d i a t i o n  workers 

or o t h e r  popula t ions  exposed t o  r a d i a t i o n  may be m i s i n t e r p r e t e d  i f  t h e  e f f e c t s  

of age and o t h e r  i n  v i v o  v a r i a b l e s  are  n o t  c o n t r o l l e d .  My personal  f e e l i n g s  

r e g a r d i n g  t h e  use of t h i s  method f o r  a s s e s s i n g  exposure,  i s  t h a t  a l though 

s c o r i n g  may be more r a p i d ,  t h e  technique i s  f r a u g h t  with many t e c h n i c a l  
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v a r i a b l e s  t h a t  a f f e c t  p r e c i s i o n  of "dose" e s t i m a t e s .  

The q u e s t i o n  of p o t e n t i a t i o n  of r a d i a t i o n  e f f e c t s  i n  p a t i e n t s  having 

c l i n i c a l  procedures  employing c o n t r a s t  media was a l s o  addressed. Several  

e a r l i e r  s t u d i e s  have demonstrated s i g n i f i c a n t  i n c r e a s e s  i n  t h e  frequency of 

rad ia t ion- induced  chromosome l e s i o n s  o r  micronucle i  i n  lymphocytes of p a t i e n t s  

a f t e r  X-ray examination w i t h  water -so luble  i o d i z e d  c o n t r a s t  media. The 

enhanced e f f e c t  h a s  been a t t r i b u t e d  t o  t h e  c l a s t o g e n i c  a c t i v i t y  of t h e  c o n t r a s t  

medium, i n c r e a s e d  a b s o r p t i o n  of r a d i a t i o n  dose i n  t h e  presence of t h e  c o n t r a s t  

medium, o r  a combination of t h e  above processes .  Based on d a t a  obta ined  i n  a 

series of i n  v i t r o  experiments ,  Hadnanv and Stephan concluded t h a t  t h e  

i n f l u e n c e  of t h e  c o n t r a s t  medium i s  dependent on t h e  iod ine  c o n c e n t r a t i o n  i n  

t h e  blood, and t h a t  t h e  only r e s p o n s i b l e  mechanism f o r  t h e  enhanced c y t o g e n e t i c  

s e n s i t i v i t y  may be t h e  p h o t o - e l e c t r i c  e f f e c t  of t h e  iodine.  This  could be 

e x p l a i n e d  by t h e  h igher  primary i n t e r a c t i o n  of t h e  photons wi th  i o d i n e  l e a d i n g  

t o  a n  i n c r e a s e d  number of secondary e l e c t r o n s  t h a t  t r a n s f e r  t h e i r  energy t o  

c e l l s  a d j a c e n t  t o  t h e  c o n t r a s t  medium. 

Two r e p o r t s  of follow-up s t u d i e s  on A-Bomb s u r v i v o r s  were presented.  These 

were of p a r t i c u l a r  i n t e r e s t  because of our ongoing c o l l a b o r a t i v e  study with 

i n v e s t i g a t o r s  a t  t h e  Environmental Epidemiology Branch, NCI, and because of t h e  

r e l e v a n c e  of t h e  A-Bomb b i o l o g i c a l  d a t a  i n  terms of t h e  work of NCBP Committee 

v40. 

Tanaka and h i s  a s s o c i a t e s  p r e s e n t e d  r e s u l t s  of an  i n t e r e s t i n g  s tudy i n  

which d e t a i l e d  banding a n a l y s e s  were conducted on e a r l y  h a r v e s t  lymphocyte 

metaphases  from s e l e c t e d  h e a v i l y  exposed Hiroshima A-Bomb surv ivors .  D e t a i l s  

of t h e i r  f i n d i n g s  have been submit ted t o  t h e  Japanese Journa l  of Radiat ion 

Biology, and Dr. Tanaka agreed t o  send a p r e p r i n t  of t h e  paper f o r  our use i n  

comparing d a t a  w e  are c u r r e n t l y  c o l l e c t i n g  on l e s i o n  f requencies  i n  our  NCI 
p o p u l a t i o n  study. Of s e v e r a l  o b s e r v a t i o n s  r e p o r t e d  i n  t h e  p o s t e r ,  t h e  most 

i n t e r e s t i n g  f i n d i n g  was t h a t  t h e  d i s t r i b u t i o n  of break p o i n t s  involved in 
symmetrical  l e s i o n s  was n o t  random, but  t h a t  s p e c i f i c  chromosomes and s p e c i f i c  

chromosome s i t e s  were observed more f r e q u e n t l y  than expected based on 

chromosome length .  Symmetrical rearrangements  involv ing  human chromosome 1 5  
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were commonly observed whereas  rearrangements  involv ing  C group chromosomes 

were noted  l e s s  f r e q u e n t l y  than  expected. The a u t h o r s  i n t e r p r e t e d  these  

o b s e r v a t i o n s  a s  sugges t ing  t h a t  over a per iod  of s eve ra l  years a f t e r  exposure,  

s e l e c t i v e  processes  a r e  ope rab le  i n  t h e  evo lu t ion  of c e l l s  bea r ing  l e s i o n s  

invo lv ing  s p e c i f i c  chromosomes o r  chromosome s i t e s .  We have made similar 

obse rva t ions  i n  our  a n a l y s i s  of t h e  d i s t r i b u t i o n  of p e r s i s t e n t  symmetrical 

radiat ion-induced l e s i o n s  i n  both the  Y-12 acc iden t  su rv ivo r s ,  and i n  the  N C I  

cohor t  . 
In a second p o s t e r  d e s c r i b i n g  cy togene t i c  s t u d i e s  i n  A-Bomb surv ivors ,  

Honda and h i s  a s s o c i a t e s  p re sen ted  undated informat ion  on t h e  inc idence  of 

i n h e r i t e d  chromosome l e s i o n s  i n  c h i l d r e n  born a f t e r  May 1946 t o  p a r e n t s  who had 

been exposed dur ing  t h e  bombing of Hiroshima and Nagasaki. The s tudy 

popula t ion  inc luded  6,628 c h i l d r e n  having one or both p a r e n t s  exposed wi th in  a 
d i s t a n c e  of 2000 meters from the  hypocenter of t he  b l a s t s .  When cy togenet ic  

da t a  from 5 2  h r  whole blood c u l t u r e s  from these  c h i l d r e n  was compared with t h a t  

ob ta ined  from a c o n t r o l  popu la t ion  i n  Japan and wi th  r e p o r t e d  f i n d i n g s  i n  

59,452 neonates ,  t h e  a u t h o r s  concluded t h a t  t h e r e  were no s i g n i f i c a n t  i n c r e a s e s  

i n  congen i t a l  numerical  or s t r u c t u r a l  chromosome a b e r r a t i o n s  i n  the  cohort  of 

c h i l d r e n  born t o  exposed A-Bomb surv ivors .  

t h a t  because the  s u b j e c t  c h i l d r e n  were not  examined u n t i l  they were a minimum 

of 13 years of age,  t h e i r  d a t a  a r e  not  u se fu l  i n  e s t i m a t i n g  t h e  incidence of 

induced a b e r r a t i o n s  t h a t  c a r r y  an increased  r i s k  of ear ly  neona ta l  m o r t a l i t y .  

Th i s  i s s u e  was also r a i s e d  i n  t h e  rapporteur 's  summary, who poin ted  ou t  t h a t  

t h e  inc idence  of Down's syndrome i n  t h e  Japanese cohort  was 1 i n  14,000 cases ,  

whereas approximately 14 cases would have been expected i n  newborns. 

c e r t a i n l y  sugges ts  t h a t  some s e l e c t i o n  again st severe cy togene t i c  d i s o r d e r s  

occurred  i n  these  c h i l d r e n  p r i o r  t o  sampling of t he  popula t ion  f o r  r a d i a t i o n  

e f f e c t s .  

These a u t h o r s  have previously noted 

This 

A ve ry  i n t e r e s t i n g  paper  on t he  induct ion  of l e s i o n s  i n  human lymphocytes 

a f t e r  exposure t o  i o n i z i n g  r a d i a t i o n  during G2 of t h e  c e l l  c y c l e  was presented 

by G. Olivier i .  Human lympnocytes were exposed i n  v i t r o  t o  doses  of r a d i a t i o n  

up t o  400 rad,  a f t e r  which t r i t i a t e d  thymidine was added t o  t h e  c u l t u r e  medium. 

A t  va ry ing  t i m e s  a f t e r  exposure  the  incidence of radiat ion-induced l e s i o n s  was 

eva lua ted  i n  metaphases  t h a t  had no t  incorpora ted  Hg-thymidine (presumable G2 
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c e l l s ) .  The conclus ions  der ived  from t h e  study were t h a t  i n  an  i r r a d i a t e d  G2 
popula t ion ,  t h e  f r a c t i o n  of c e l l s  t h a t  does n o t  undergo m i t o t i c  de lay  d e c r e a s e s  

w i t h  i n c r e a s i n g  dose,  and t h a t  i n  c e l l s  t h a t  do undergo m i t o t i c  de lay ,  t h e  

i n c i d e n c e  of a b e r r a t i o n s  decreases  d r a m a t i c a l l y .  

lymphocytes a r e  capable  of r e p a i r i n g  a s u b s t a n t i a l  amount of rad ia t ion- induced  

damage. Although t h i s  paper i s  n o t  r e l e v a n t  t o  t h e  use of lymphocytes 

i r r a d i a t e d  dur ing  Go f o r  dose assessment ,  i t  does provide i n t e r e s t i n g  

i n f o r m a t i o n  on t h e  r e p a i r  c a p a b i l i t i e s  of lymphocytes i r r a d i a t e d  dur ing  o t h e r  

s t a g e s  of t h e  c e l l  cycle .  

This sugges ts  t h a t  human G2 

V a r i a t i o n s  i n  c v t o a e n e t i c  parameters i n  c e l l s  exposed t o  r a d i a t i o n s  of 

d i f f e r  i n n  LETS 

P o s t e r s  a d d r e s s i n g  t h e  c y t o g e n e t i c  e f f e c t s  of r a d i a t i o n s  having d i f f e r i n g  

LET were a l s o  presented  i n  s e v e r a l  d i f f e r e n t  sessions.  Likewise, an e x c e l l e n t  

semi-plenary l e c t u r e  which addressed LET e f f e c t s  was presented by D r .  A. M. 
Kellerer. The t i t l e  of h i s  p r e s e n t a t i o n  was "Models of C e l l u l a r  R a d i a t i o n  

Action". The format of the  p r e s e n t a t i o n  was l a r g e l y  d e s c r i p t i v e  and 

t h e o r e t i c a l ,  and d i d  n o t  involve d i s c u s s i o n s  of mathematical models per se, f o r  

which I was most a p p r e c i a t i v e .  Dr. K e l l e r e r  introduced t h e  s u b j e c t  by 

i n d i c a t i n g  t h a t  he would a d d r e s s  m u l t i h i t  models and exponent ia l  curves  w i t h  

t h e  aim of answering t h e  q u e s t i o n s :  ( 1 )  How good are b i o l o g i c a l  d a t a  i n  

suppor t ing  a l i n e a r - q u a d r a t i c  model of e f f e c t ?  and ( 2 )  Do b i o l o g i c a l  endpoin ts  

r e f l e c t  a q u a d r a t i c  dependence on energy t r a n s f e r ?  

t h e  a s s u n p t i o n  t h a t  a t  low doses,  any dose e f f e c t  r e l a t i o n s h i p  on autonomous 

c e l l s  must be l i n e a r ,  i n  those i n s t a n c e s  i n  which only a minor f r a c t i o n  of 

c e l l s  h a s  been h i t  by a s i n g l e  charged p a r t i c l e .  I n  t h i s  contex t ,  "autonomous 

e f f e c t "  was d e f i n e d  a s  an e f f e c t  on exposed c e l l s  which i s  independent of 

e f f e c t s  on neighbors .  He o f f e r e d  t h e  i n d u c t i o n  of chromosome a b e r r a t i o n s  a s  a n  

example of l i n e a r i t y  of b i o l o g i c a l  response observed a f t e r  exposure t o  low 

d o s e s  of s p a r s e l y  i o n i z i n g  r a d i a t i o n .  H e  f u r t h e r  noted t h a t  Over a wider dose 

range both chromosome a b e r r a t i o n s  and c e l l  k i l l i n g  d isp lay  a l i n e a r - q u a d r a t i c  

dose dependence a f te r  exposures t o  low-LET r a d i a t i o n .  He i n d i c a t e d  t h a t  i n  

h i s  op in ion  t h e  observed l i n e a r - q u a d r a t i c  dose response a f t e r  exposure t o  high 

dose r a t e  low-LET r a d i a t i o n  was more than  a t r i v i a l i t y  or  coincidence. With 

r e g a r d  t o  l i n e a r i t y  a t  low doses,  he noted  t h a t  the  mathematical models had 

impor tan t  pragmatic  i m p l i c a t i o n s  i n  terms of r a d i a t i o n  p r o t e c t i o n ,  p a r t i c u l a r l y  

I n  h i s  d i s c u s s i o n  he made 
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s i n c e  RBE f o r  high-LET r a d i a t i o n s  i n c r e a s e s  w i t h  decreas ing  dose. 

A s  f u r t h e r  d i s c u s s i o n  of L-Q models, he reviewed t h e  proximity theory of 

Lee and Sax, and noted t h a t  a second o r d e r  process  would l e a d  t o  a q u a d r a t i c  

(D2) dependence on dose. For example, t h e  format ion  of two-break chromosome 

a b e r r a t i o n s  depends on t h e  occurrence of two s e p a r a t e  l e s i o n s  w i t h i n  a f i n i t e  

span of t i m e .  Whether i n t e r a c t i o n  of two l e s i o n s  can occur  f u r t h e r  depends on 

t h e i r  proximity i n  space, o r  i n t e r a c t i o n  d i s t a n c e .  In o r d e r  t o  have 

i n t e r a c t i o n ,  t h e r e  must be c l o s e  proximity o r  near  neighbors  of l e s i o n s .  For 

low-LET r a d i a t i o n s  most l e s i o n s  r e s u l t  from s e p a r a t e  o r  independent t r a c t s ,  

whereas f o r  high-LET r a d i a t i o n s ,  s i n g l e  t r a c t s  may induce many "near neighbor 

les ions" .  The i n t e r a c t i o n  d i s t a n c e s  f o r  l e s i o n s  was e s t i m a t e d  t o  be 
approximately 1 i n  e a r l y  work by Lee and Neary. 

More r e c e n t l y ,  t h e  d a t a  of Goodhead from i r r a d i a t i o n s  of c e l l s  wi th  s o f t  

X-rays and p a r t i c l e s  with s h o r t  t r a c t  d i s t a n c e s  have suggested much s h o r t e r  

i n t e r a c t i o n  d i s t a n c e s .  Goodhead h a s  f u r t h e r  concluded t h a t  a th reshold  energy 

i s  r e q u i r e d  f o r  t h e  induct ion  of l e s i o n s .  According t o  t h e  PERS Theory more 

than  300 ev w i t h i n  3 p  meters i s  r e q u i r e d  f o r  t h e  i n d u c t i o n  of mutations.  Less 

than  300 ev i s  reparable .  Goodhead h a s  a l s o  suggested t h a t  t h e  phenomenum of 

r e p a i r  s a t u r a t i o n  e x i s t s ,  such t h a t  wi th  i n c r e a s i n g  r a d i a t i o n  dose, t h e  r e p a i r  

system can become s a t u r a t e d .  As evidence t o  counter  t h i s  theory ,  K e l l e r e r  

o f f e r e d  informat ion  t h a t  f o r  chromosome a b e r r a t i o n s ,  r e p a i r  t i m e s  a r e  not 

dependent on absorbed dose, and t h a t  for E r l i c h  a s c i t e s  tumor c e l l s ,  there  i s  

no evidence of decrease i n  t h e  r a t e  of r e p a i r  a t  high doses.  

Regarding t h e  l i n e a r - q u a d r a t i c  model which he champions, he then noted t h a t  

r e c e n t  d a t a  have suggested t h a t  t h e r e  a r e  d i f f e r e n t  i n t e r a c t i o n  d i s t a n c e s  f o r  

l i n e a r  and q u a d r a t i c  f u n c t i o n s ,  and t h a t  these  d i s t a n c e s  are  much longer  f o r  

q u a d r a t i c  func t ions .  Such d i s t a n c e s  would r e q u i r e  t h e  removal of l a r g e  

sequences of DNA, perhaps i n  t h e  range of s e v e r a l  thousand n u c l e o t i d e  pa i r s .  

H e  f u r t h e r  emphasized t h a t  t h e  q u a d r a t i c  process  r e q u i r e s  b inary  o r  dual 

a c t i o n ,  and t h a t  t h e  h igher  t h e  dose,  t h e  more l i k e l y  t h e  p r o b a b i l i t y  of 

m i s r e p a i r .  

Considerable  hea ted  d i s c u s s i o n  followed Dr. Kel le rer ' s  p r e s e n t a t i o n  which 

r e f l e c t s  t h e  c u r r e n t  degree of controversy regard ing  t h e  mechanism of a c t i o n  of 

r a d i a t i o n  a t  t h e  molecular l e v e l .  Among s e v e r a l  o t h e r  comments made, Dr. 
Sheldon Wolfe, Univers i ty  of C a l i f o r n i a  a t  San Francisco,  r a i s e d  t h e  i s s u e  t h a t  

s i n c e  double  s t rand  breaks i n  two speara te  chromosomes a r e  r e q u i r e d  f o r  the 
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formation of chromosomal exchanges, then  t h e  dose response curve i n  a c t u a l i t y  

r e f l e c t s  a f o u r t h  order  process .  

S e v e r a l  p o s t e r s  addressed  t h e  e f f e c t s  of r a d i a t i o n s  having d i f f e r i n g  LET on 
t h e  i n d u c t i o n  of c y t o g e n e t i c  l e s i o n s  i n  v i v o  o r  i n  mammalian ce l l s  exposed i n  

v i t r o .  

Douglas Grahn and h i s  a s s o c i a t e s  a t  Argonne Nat iona l  Labora tory  presented  

r e s u l t s  of an  e x t e n s i v e  series of s t u d i e s  on somatic and germ c e l l  e f f e c t s  i n  

mice exposed t o  low doses  of f i s s i o n  n e u t r o n s  and 6oCo gamma r a y s .  

conclus ions  r e g a r d i n g  g e n e t i c  e f f e c t s  were (1) t h a t  p r o t r a c t i o n  of low-LET 

r a d i a t i o n  r e d u c e s  t h e  e f f e c t  per r a d ,  w h i l e  p r o t r a c t i o n  of t h e  high-LET 

r a d i a t i o n  does n o t  reduce e f f e c t i v e n e s s  and may s i g n i f i c a n t l y  augment t h e  

e f f e c t  per r a d  f o r  some endpoin ts  (2 )  RBE v a l u e s  a r e  g e n e r a l l y  lower f o r  

g e n e t i c  damage than somatic damage ( 3 )  f o r  g e n e t i c  damage RBE v a l u e s  a r e  h igher  

f o r  e f f e c t s  induced i n  t h e  stem c e l l  t h a n  f o r  i n j u r y  induced i n  m e i o t i c  and 

post-meiot ic  c e l l  s tages .  They concluded t h i s  f i n d i n g  r e f l e c t s  t h e  i n t r i n s i c  

v a r i a t i o n  i n  t h e  c a p a b i l i t y  f o r  DNA r e p a i r  among d i f f e r e n t  c e l l  s t a g e s  of t h e  

male germ l i n e .  

Their major 

J u l i a n  Pres ton  and h i s  coworkers from Oak Ridge Nat ional  Laboratory 

presented i n t e r e s t i n g  informat ion  r e g a r d i n g  mechanisms involved i n  t h e  

formation of radiat ion-induced chromosome l e s i o n s  i n  c e l l s  exposed t o  high- or 
low-LET r a d i a t i o n .  These a u t h o r s  have previous ly  repor ted  t h a t  p o s t - r a d i a t i o n  

i n c u b a t i o n  of human lymphocytes w i t h  c y t o s i n e  a rab inos ide  (Ara-C) r e s u l t s  i n  a n  

i n c r e a s e  i n  t h e  number of radiat ion-induced d i c e n t r i c  chromosomes. They 

i n t e r p r e t e d  t h e s e  r e s u l t s  a s  suggest ing t h a t  X-ray induced a b e r r a t i o n s  r e s u l t  

from t h e  misrepair  of base damage, and n o t  from d i r e c t l y  induced s t r a n d  breaks.  

In t h i s  r e p o r t  they presented  d a t a  from r e c e n t  s t u d i e s  i n  which human Go 

lymphocytes were exposed t o  f i s s i o n  spectrum neut rons  and subsequent ly  

incubated i n  Ara-C. No p o t e n t i a t i o n  of e f f e c t  was observed which they 

i n t e r p r e t e d  a s  providing evidence t h a t  d i f f e r e n t  molecular mechanisms a r e  

involved i n  the  format ion  of two-break l e s i o n s  a f t e r  exposure of c e l l s  t o  high- 

and low-LET r a d i a t i o n .  

Severa l  p o s t e r s  addressed t h e  c y t o g e n e t i c  e f f e c t s  of i n  v i t r o  o r  i n  v i v o  

a lpha  p a r t i c l e  r a d i a t i o n  i n  mammalian systems. Simmons and a s s o c i a t e s  r e p o r t e d  
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d a t a  from t h e  i n  v i t r o  exposure of conf luent  V-79 c e l l s  grown on a mylar base 

t o  a l p h a - p a r t i c l e  r a d i a t i o n  from a source p l a t e  of curium 242. Cel l s  were 

h a r v e s t e d  a f t e r  1.5 doubl ings.  The dose response r e l a t i o n s h i p  f o r  chromosome 

l e s i o n  i n d u c t i o n  was l i n e a r  over  a dose range of 0-150 r a d  w i t h  a c o e f f i c i e n t  

of 3.2 x d i c e n t r i c s / c e l l / r a d .  Although i n t e r p r e t a t i o n  of d a t a  from 

c u l t u r e d  f i b r o b l a s t s  t h a t  have p o s s i b l y  completed more t h a n  one c e l l  d i v i s i o n  

may be confounded by m i t o t i c  loss of les ion-bear ing  c e l l s ,  i t  i s  i n t e r e s t i n g  

t h a t  t h e s e  f i n d i n g s  are  i n  good agreement w i t h  t h e  prev ious ly  r e p o r t e d  

c o e f f i c i e n t s  of Edwards e t  a l .  of 28.6 x 10-4 d i c e n t r i c s / c e l l / r a d  obta ined  

a f t e r  t h e  i n  v i t r o  exposure of human Go lymphocytes t o  a l p h a  p a r t i c l e s  from 

curium 242. 

Tony Brooks and h i s  a s s o c i a t e s  from t h e  Lovelace I n h a l a t i o n  Toxicology 

Research I n s t i t u t e  r e p o r t e d  a n i c e  series of da ta  on t h e  r e t e n t i o n ,  

d i s t r i b u t i o n ,  and c y t o g e n e t i c  e f f e c t s  of inha led  plutonium i n  nonhuman 

primates.  A major p o i n t  of t h e i r  f i n d i n g s  was t h a t  a l though they could d e t e c t  

a n  i n c r e a s e  i n  r a d i a t i o n -  induced a b e r r a t i o n s  i n  c u l t u r e d  lymphocytes from 

exposed r h e s u s  monkeys, t h e  level of e f f e c t  was minor r e l a t i v e  t o  t h e  t o t a l  

accumulated dose t o  lung. S i m i l a r  r e s u l t s  were r e p o r t e d  by Heinze and her  

a s s o c i a t e s  i n  t h e i r  a n a l y s i s  of chromosome a b e r r a t i o n s  i n  lymphocytes of 

Chinese hamsters  a f t e r  long-term exposures  t o  incorpora ted  a l p h a  emitters. 

These animal d a t a  a r e  c o n t r a r y  t o  our  observa t ion  of a h igh  frequency of 

lymphocytes wi th  l e s i o n s  i n  a c h e l a t e d  p a t i e n t  having a n  e x c e s s i v e  body burden 

of americium 241, and suggest  t h a t  t h e  continuous m o b i l i z a t i o n  of t r a n s u r a n i c s  

by DTPA may be a s i g n i f i c a n t  v a r i a b l e  i n  comparing lymphocyte d a t a  from human 

and o t h e r  mammals. 

D. J. Chen, M. R. Raiu and T o k i t a  of Los Alamos r e p o r t e d  f i n d i n g s  of t h e i r  

s t u d i e s  of mutagenici ty  and DNA r e p a i r  i n  human f i b r o b l a s t s  a f t e r  exposure t o  

a l p h a  p a r t i c l e s  from an  e l e c t r o p l a t e d  source of plutonium 238. R e l a t i v e  t o  

X-rays, t h e  RBE f o r  muta t ions  f o r  a l p h a  p a r t i c l e s  a t  20% s u r v i v a l  was 2.5. 

They concluded from t h e i r  s t u d i e s  t h a t  normal human f i b r o b l a s t s  cannot repair  

s u b l e t h a l  damage induced by a l p h a  p a r t i c l e s ,  and t h a t  a l p h a  p a r t i c l e s  may 

induce more damage l e a d i n g  t o  6TG muta t ions  than X-rays a t  e q u a l  s u r v i v a l  

doses. 
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Two p a p e r s  r e p o r t e d  observ ing  i n c r e a s e s  i n  s i s t e r  chromatid exchanges in 

marrow c e l l s  of an imals  exposed t o  both high- and low-LET r a d i a t i o n s .  J. L. 

Poncy and a s s o c i a t e s  r e p o r t e d  observ ing  a n  i n c r e a s e  i n  t h e  frequency of s i s t e r  

chromatid exchanges from approximately 7 t o  9 SCE/metaphase marrow c e l l s  i n  

r a t s  exposed t o  f i s s i o n  spectrum n e u t r o n s  i n  doses  of . 32 ,  .5, 2 ,  3 ,  o r  4 gray. 

Animals  were per fused  wi th  5-bromodeoxyuridine f o r  20 hr  p r i o r  t o  t h e  SCE 

ana lyses .  It was i n t e r e s t i n g  t o  note  t h a t  a l t h o u g h  t h e  a u t h o r s  observed 

s i g n i f i c a n t  d i f f e r e n c e s  i n  SCEs i n  marrow of exposed r a t s ,  they could not  

c o r r e l a t e  t h e  i n c r e a s e  i n  SCEs w i t h  r a d i a t i o n  dose.  

In a second r e p o r t  on rad ia t ion- induced  SCEs i n  v i v o ,  Carsten and 

a s s o c i a t e s  from Brookhaven r e p o r t e d  i n c r e a s e d  f r e q u e n c i e s  of SCEs i n  marrow of 

mice a f t e r  c o n t i n u a l  i n g e s t i o n  of t r i t i a t e d  water  a t  a concent ra t ion  of 3.0~ 
C i l m l .  After prolonged i n g e s t i o n  of t r i t i a t e d  water ,  a frequency of about 3.0 

SCE/cell  w a s  observed i n  t h e  i r r a d i a t e d  mice v s .  a frequency of about 2.75 

S C E / c e l l  i n  t h e  c o n t r o l  animals. An i n t e r e s t i n g  a s p e c t  of t h i s  da ta  was t h a t  

SCE f r e q u e n c i e s  i n  mice d i d  n o t  appear  t o  i n c r e a s e  a s  a f u n c t i o n  of t i m e  on 

t r i t i a t e d  water, but  r a t h e r  t h a t  t h e  SCE frequency i n  the  cont ro l  animals 

appeared t o  decrease  with success ive  sampling. Although d a t a  from both these  

s t u d i e s  were i n t e r p r e t e d  by t h e  a u t h o r s  a s  provid ing  evidence t h a t  r a d i a t i o n  of 

d i f f e r i n g  LETS i s  e f f e c t i v e  i n  inducing  SCEs i n  v i v o ,  c e r t a i n l y  the  e f f e c t  i f  

i t  e x i s t s ,  must be minimal. 

S t u d i e s  of v a r i a b l e s  a f f e c t i n g  human g e n e t i c  h y p e r s e n s i t i v i t y  

During t h e  l a s t  severa l  y e a r s  w e  have e v a l u a t e d  mutagen-induced cy togenet ic  

h y p e r s e n s i t i v i t y  i n  c e l l s  from p a t i e n t s  w i t h  Down's syndrome, Ataxia 

t e l a n g i e c t a s i a ,  and Huntington's chorea,  and i n  lymphocytes of a primate 

s p e c i e s  a t  apparent  g e n e t i c  r i s k  f o r  colon cancer .  

A number of p o s t e r s  presented a t  Amsterdam addressed v a r i o u s  q u e s t i o n s  

r e g a r d i n g  f a c t o r s  a f f e c t i n g  t h e  e x p r e s s i o n  of g e n e t i c  h y p e r s e n s i t i v i t y  i n  human 

c e l l s .  

Nancy O l e i n i c h  and her  a s s o c i a t e s  from Case Western Reserve repor ted  t h a t  

AT-lymphoblastoid c e l l s  show less  m i t o t i c  d e l a y  a f t e r  exposure t o  X-radiation 
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o r  Bleomycin than do normal lymphoblastoid c e l l s ,  and p o s t u l a t e d  t h a t  t h e  

r e l a t i v e  l a c k  of de lay  i n  S and G2 may be due t o  a s i n g l e  g e n e t i c  a l t e r a t i o n .  

E a r l i e r  s t u d i e s  by o t h e r  i n v e s t i g a t o r s  have suggested t h a t  t h e  observed 

h y p e r s e n s i t i v i t y  of AT ce l l s  i n  terms of X-radiation induced chromosome damage 

r e s u l t s  from t h e  f a c t  t h a t ,  a s  a r e s u l t  of t h e  l a c k  of de lay ,  AT c e l l s  have a 

s h o r t e r  per iod  of t i m e  i n  which t o  r e p a i r  l e s i o n s .  

Viiavalaxmi and Evans r e p o r t e d  r e s u l t s  of t h e i r  assessment of 

mutagen-induced chromosome a b e r r a t i o n s  and SCEs i n  lymphocytes of a p a t i e n t  

wi th  Fr iedre ich ' s  A t a x i a ,  a human g e n e t i c  d i s e a s e  similar t o  AT. They observed 

normal b a s e l i n e  SCE f r e q u e n c i e s ,  and h y p e r s e n s i t i v i t y  i n  t h e  i n d u c t i o n  of 

chromosome a b e r r a t i o n s  a f t e r  exposure t o  r a d i a t i o n ,  a s  h a s  prev ious ly  been 

r e p o r t e d  f o r  p a t i e n t s  w i t h  AT. 

t o  e a r l i e r  reports i n  AT p a t i e n t s ,  lymphocytes from the  i n d i v i d u a l  w i t h  

Fr iedre ich ' s  Ataxia  were a l s o  h y p e r s e n s i t i v i e  t o  the  i n d u c t i o n  of SCEs a f t e r  i n  
v i t r o  exposure t o  mitomycin C and EMS. 

An i n t e r e s t i n g  observa t ion  was t h a t  i n  c o n t r a s t  

E i i m a ,  Sasaki  and a s s o c i a t e s  presented  d a t a  from an e x t e n s i v e  s tudy of 

c e l l u l a r  r a d i o s e n s i t i v i t y  i n  dominantly i n h e r i t e d  d i s e a s e s  p r e d i s p o s i n g  t o  

cancer. The a u t h o r s  e v a l u a t e d  X-ray induced c e l l  k i l l i n g  a f t e r  exposures  t o  

0-1000 r a d  i n  c e l l  s t r a i n s  from p a t i e n t s  having f a m i l i a l ,  s p o r a t i c  o r  

D-deletion (chromosome 1 3 )  r e t i n o b l a s t o m a ,  f a m i l i a l  polyposis ,  and Ataxia  

t e l a n g i e c t a s i a .  I n c r e a s e d  s e n s i t i v i t y  t o  c e l l  k i l l i n g  e f f e c t s  of X-radiation 

was only observed i n  t h e  AT c e l l  s t r a i n s .  None of the  s t r a i n s  d e r i v e d  from 

p a t i e n t s  having a s t r u c t u r a l  d e l e t i o n ,  f u n c t i o n a l  d e l e t i o n ,  o r  t r i p l i c a t i o n  of 

t h e  p o s t u l a t e d  " r e p a i r  locus"  on human chromosome 13 expressed enhanced 

r a d i o s e n s i t i v i t y  . 

Murnane and P a i n t e r  of t h e  U n i v e r s i t y  of San Francisco r e p o r t e d  r e s u l t s  of 

an  e v a l u a t i o n  of major s t r u c t u r a l  p r o t e i n s  i n  f i b r o b l a s t s  of p a t i e n t s  with 

Ataxia  t e l a n g i e c t a s i a .  

i r r e g u l a r i t i e s  i n  AT f i b r o b l a s t s  i n  e i t h e r  h i s t o n e ,  chromatin o r  n u c l e a r  

mat r ix .  

I n  t h e i r  a n a l y s i s  they f a i l e d  t o  i d e n t i f y  p r o t e i n  

S t u d i e s  of germ c e l l  e f f e c t s  i n  v a r i o u s  mammalian s p e c i e s  

The s u b j e c t  of g e n e t i c  and/or  c y t o g e n e t i c  e f f e c t s  i n  germ c e l l s  was 
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d iscussed  i n  a semi-plenary and i n t r o d u c t o r y  l e c t u r e ,  a s  wel l  a s  i n  s e v e r a l  

p o s t e r s .  

D r .  K. Sankaranaravanan of t h e  U n i v e r s i t y  of Leiden, The Nether lands,  

p resented  a semi-plenary l e c t u r e  e n t i t l e d  "Radiation Induced Mutational Damage 

i n  Mammals", which w a s  p r i m a r i l y  a h i s t o r i c a l  review of s t u d i e s  i n  r a d i a t i o n  

mutagenesis.  H e  no ted  t h a t  i n  t h e  1950's t o  1960's a g r e a t  d e a l  of work 

e s t a b l i s h e d  b a s i c  premises  f o r  rad ia t ion- induced  g e n e t i c  changes i n  mammals 

i n c l u d i n g  ( 1 )  v e r i f y i n g  t h a t  mouse genes a r e  more r a d i o s e n s i t i v e  than genes i n  

prokaryotes  ( 2 )  e s t a b l i s h i n g  t h e  e f f e c t s  of r a d i a t i o n  dose, dose r a t e  and 

f r a c t i o n a t i o n  on m u t a t i o n  i n d u c t i o n  i n  mammalian spermatocytes and o o c y t e s  and 

(3)  i n  de te rmining  t h e  e f f e c t s  of i n t e r v a l  between r a d i a t i o n  and t i m e  of 

concept ion on t h e  e x p r e s s i o n  of m u t a t i o n s  i n  i r r a d i a t e d  female mice. 

t h e  1960's t h e  k i n e t i c s  of a b e r r a t i o n  i n d u c t i o n  i n  human chromosomes were 

e l u c i d a t e d ,  w i t h  cont inued  work on t h e  n a t u r e  and mechanisms of 

rad ia t ion- induced  m u t a t i o n s  and a b e r r a t i o n s ,  and on radiat ion-induced s p e c i f i c  

l o c u s  muta t ions  i n  mice. Regarding t h e  c o r r e l a t i o n  between rad ia t ion- induced  

chromosome l e s i o n s  and muta t ions ,  he noted  t h a t  depending on t h e  s tage  of t h e  

c e l l  cycle i r r a d i a t e d ,  a s i z a b l e  p o r t i o n  of radiat ion-induced muta t ions  

(14-78%) are a s s o c i a t e d  w i t h  chromosome d e l e t i o n s .  For muta t ions  involv ing  t h e  

HGPRT l o c u s  i n  human f i b r o b l a s t s  about  5-10% of those induced a f t e r  exposure t o  

X-ray, 20% by helium i o n s  and approximately 60% of those induced a f t e r  exposure 

t o  a l p h a  p a r t i c l e s  are  a s s o c i a t e d  w i t h  a b e r r a t i o n s .  

During 

H e  noted t h a t  t h e r e  i s  s t i l l  some unresolved c o n t r w e r s y  regard ing  whether 

muta t ions  r e s u l t  from s i n g l e  t r a c t  e v e n t s  (Russe l l )  o r  from t h e  i n t e r a c t i o n  of 

2 - t r a c t  e v e n t s  (Abrahamson and Wolfe) ,  but t h a t  there  i s  ample s c i e n t i f i c  

evidence t h a t  chromosome l e s i o n s  r e s u l t  from DNA double s t r a n d  breaks.  H e  

spent  some t i m e  d i s c u s s i n g  dose response  r e l a t i o n s h i p s  f o r  t h e  induct ion  of 

s p e c i f i c  l o c u s  m u t a t i o n s  i n  male and female germ c e l l s  a t  d i f f e r i n g  s t a g e s  of 

development, and reviewed dose r a t e  r e d u c t i o n  f a c t o r s  f o r  s p e c i f i c  l o c u s  

muta t ions  i n  spermatogonia and oogonia. L a s t l y ,  he addressed c u r r e n t  work i n  

d e f i n i n g  molecular  l e s i o n s  i n c l u d i n g  d e f e c t i v e  e x c i s i o n  r e p a i r  i n  xeroderma 

pigmentosum, and work aimed a t  d e f i n i n g  biochemical d e f e c t s  i n  o t h e r  r e c e s s i v e  

diseases i n c l u d i n g  Ataxia t e l a n g i e c t a s i a ,  Bloom's syndrome, etc. He noted t h a t  

w i t h  t h e  except ion  of XP, no f i r m  evidence f o r  s p e c i f i c  biochemical d e f e c t s  h a s  

been gleaned from t h e s e  s t u d i e s .  However, r e c e n t  work has  suggested t h a t  human 

chromosomes 3 and 14 may be important  i n  t h e  r e p a i r  of UV damage. (Peter  

E081 I b l  
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L a l l e y  and h i s  a s s o c i a t e s  from ORNL presented  a pos te r  on t h e s e  d a t a  a t  t h e  

meet ing.)  

c y t o g e n e t i c s ,  and i n  t h e  a r e a  of t r a n s l o c a t i o n  s t u d i e s  i n  male spermatogonia. 

I n  c l o s i n g ,  he noted t h a t  more f u t u r e  work i s  needed on oocyte  

I n  a d d i t i o n  t o  t h e  l e c t u r e  by Dr. Sankaranarayanan, D r .  A. G. S e a r l e  of the 

Medical Research Council ,  Harwell ,  p resented  a n i c e  overview paper e n t i t l e d  

"Some growing p o i n t s  i n  mammalian r a d i a t i o n  cytogenet ics" .  H e  in t roduced  t h e  

t o p i c  of g e n e t i c  r i s k s  by n o t i n g  t h e  v a r i o u s  t y p e s  of g e n e t i c  damage t h a t  may 

be i n c u r r e d ,  inc luding  ( 1 )  changes i n  chromosome number and s t r u c t u r e ,  (2)  

chromosome d e f i c i e n c i e s ,  and ( 3 )  dominant and r e c e s s i v e  gene mutat ions.  He 

noted  t h a t  work being done on radiat ion-induced non-dis junct ion i s  s t i l l  very 

c o n t r o v e r s i a l ,  but t h a t  r e c e n t  s t u d i e s  based on work done on procleavage 

d i v i s i o n s  i n  t h e  female mouse have shown i n c r e a s e s  i n  non-dis junct ion r e s u l t i n g  

i n  hyperdiploidy.  

t r a n s l o c a t i o n s  a r e  induced r a r e l y  i f  a t  a l l  i n  mammals o t h e r  than man, r a t h e r  

t h e  primary s t r u c t u r a l  l e s i o n s  induced by r a d i a t i o n  a r e  r e c i p r o c a l  

t r a n s l o c a t i o n s  which can be a s s e s s e d  i n  spermatogonia o r  oogonia by s c o r i n g  

r i n g s  of 4. One of t h e  major problems i n  a s s e s s i n g  r i s k  i s  how t o  g e t  from 

observed f r e q u e n c i e s  of induced t r a n s l o c a t i o n s  i n  gonia t o  p r e d i c t i o n s  of r i s k .  

Regarding s t r u c t u r a l  l e s i o n s  he noted t h a t  Robertsonian 

In t h i s  contex t ,  he addressed s e v e r a l  f a c t o r s  t h a t  must be taken i n t o  

c o n s i d e r a t i o n  when e s t i m a t i n g  r i s k .  

1 ) 
2)  e x t r a p o l a t i o n  t o  low doses  

3) r a t e  of t ransmiss ion  of damage t o  zygote 

4) propor t ion  of conceptuses  t h a t  surv ive  t o  b i r t h  w i t h  v i a b l e  imbalances 

r e l a t i v e  r a d i o  sen s i t  i v  i t y  

i n  t h e i r  genome 

5 )  propor t ion  of gametes a f f e c t e d  

Regarding r a d i a t i o n  s e n s i t i v i t y ,  he addresssed  c o n t r a d i c t o r y  f i n d i n g s  of 

t h e  ra te  of t r a n s l o c a t i o n  induct ion  i n  marmoset and man (Brewen and P r e s t o n ) ,  

t h e  crab-eat ing monkey, and r h e s u s  monkey (Mary Lyon and van Buul). Based on 

r e p o r t e d  r e s u l t s  i n  t h e s e  s p e c i e s ,  man and marmosets appear t o  be q u i t e  

s e n s i t i v e  t o  t h e  i n d u c t i o n  of t r a n s l o c a t i o n s ,  t h e  rhesus  monkey r e l a t i v e l y  

i n s e n s i t i v e ,  and t h e  crab-eat ing monkey intermediate .  H e  noted t h a t  t h e r e  i s  

s t i l l  some q u e s t i o n  a s  t o  why man and marmoset a r e  higher  than o t h e r  pr imates ,  
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and t h a t  a d d i t i o n a l  work i s  needed on t r a n s l o c a t i o n  i n d u c t i o n  i n  spermatogonia 

t o  r e s o l v e  the  i s s u e .  

I n  r e l a t i o n  t o  e f f e c t s  a t  low doses ,  he i n d i c a t e d  t h a t  s t u d i e s  i n  mice 

exposed t o  10 r a d  per  day f o r  60 days beginning a t  concept ion had shown t h a t  

one observes  a much lower y i e l d  of t r a n s l o c a t i o n s  a f t e r  i r r a d i a t i o n  of 

embryonic s t a g e s .  

lower than  those  p r e d i c t e d  by e x t r a p o l a t i o n  from t h e  aD + BD2 model f o r  l e s i o n  

induct ion .  Thus, t h e  r i s k  a t  low d o s e s  may be cons iderably  less  t h a n  t h a t  

expected based on s t u d i e s  a t  high doses  and dose r a t e s .  

S i m i l a r l y ,  t h e  observed e f f e c t s  a t  doses  of 0-5 r a d  a r e  

In a d d i t i o n  t o  t h e  reduced frequency of l e s i o n s  induced a f t e r  exposure t o  

low dose r a d i a t i o n ,  Dr. S e a r l e  d i s c u s s e d  t h e  f u r t h e r  r e d u c t i o n  i n  gametes 

bear ing  s t r u c t u r a l  a b e r r a t i o n s  a s  a r e s u l t  of s e g r e g a t i o n  and pre- and 

pos t - implanta t ion  loss. For l e s i o n  classes involv ing  s i n g l e  e v e n t s ,  one 

e x p e c t s  a t r a n s m i s s i o n  of only 25% a f t e r  m e i o t i c  segrega t ion ,  which i s  f u r t h e r  

reduced by a f a c t o r  of 2 a f t e r  i m p l a n t a t i o n  l o s s e s ,  r e s u l t i n g  i n  a t o t a l  

t ransmiss ion  of 118 (work of Ford and S e a r l e ) .  Generoso h a s  r e p o r t e d  a similar 

r e d u c t i o n  by a f a c t o r  of 2 a t  a l l  doses  s t u d i e d  except  150 r a d  i n  which he 

observed t h e  p r e d i c t e d  number of t r a n s l o c a t i o n s .  H e  noted t h a t  o t h e r  work h a s  

r e c e n t l y  shown t h a t  t r a n s l o c a t i o n  bear ing  gametes a r e  delayed i n  passage 

through d i a k i n e s i s .  With regard  t o  v i a b i l i t y  of gametes bear ing  s t r u c t u r a l  

l e s i o n s ,  he i n d i c a t e d  t h a t  e a r l i e r  s t u d i e s  have suggested about  6% of 

concept ion products  wi th  unbalanced t r a n s l o c a t i o n s  a r e  v i a b l e ,  whereas l a t e r  

s t u d i e s  employing i n  v i t r o  c e l l  systems show a h i g h e r  percent  v i a b i l i t y .  

T r a n s l o c a t i o n s  Yie ld inn  Viable  Imbalance 

Percentage Percent  Products  Reference 

Induced w i t h  Viable  Imbalance 

5 25% of a l l  unbalanced BEIR (1980) 

- 6% of a l l  unbalanced UNSCEAR 
40 Half of a l l  unbalanced D u t r i l l a u x  

(1981, 1983) 

Dr. Sear le ' s  p r e s e n t a t i o n  was of p a r t i c u l a r  i n t e r e s t  t o  m e  s i n c e  our 

l a b o r a t o r y  has  f o r  s e v e r a l  years been involved  i n  s t u d i e s  of t h e  r a t e  of 

t ransmiss ion  of chemically induced s t r u c t u r a l  l e s i o n s  i n  oogonia t o  pre- and 

pos t - implanta t ion  r a b b i t  embryos. One t o p i c  n o t  addressed by D r .  S e a r l e  was 

t h e  u t i l i t y  of induced a b e r r a t i o n s  i n  somatic c e l l s  a s  a p r e d i c t o r  of t h e  rate 
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of t ransmiss ion  of unbalanced t r a n s l o c a t i o n s  t o  t h e  products  of concept ion.  

Severa l  p o s t e r s  a l s o  a d d r e s s e d  t h e  r e l a t i v e  s e n s i t i v i t y  of mammalian germ 

c e l l s  o r  ear ly  embryos t o  r ad ia t ion - induced  l e s ions .  J acque t  and Leonard 

r e p o r t e d  r e s u l t s  of t h e i r  e v a l u a t i o n  of d i f f e r e n t i a l  r a d i o s e n s i t i v i t y  of the  

male and female p ronuc le i  i n  t h e  mouse zygote .  

they observed t h a t  chromosome a b e r r a t i o n s  a re  equa l ly  d i s t r i b u t e d  between t h e  

male and female pronucle i .  

p rev ious ly  r e p o r t e d  d i f f e r e n c e s  i n  r a d i o s e n s i t i v i t y  of somatic  c e l l s  of v a r i o u s  

mammals  i s  probably no t  r e l a t e d  t o  d i f f e r e n c e s  i n  nuc lea r  volume. 

Following i n  v i t r o  i r r a d i a t i o n s  

Based on t h e s e  r e s u l t s  they sugges ted  t h a t  

Yamada and a s s o c i a t e s  from t h e  Nat iona l  I n s t i t u t e  of Rad io log ica l  Sciences,  

Chiba, Japan presented  i n t e r e s t i n g  d a t a  on t h e  d i f f e r e n t i a l  s e n s i t i v i t y  of 

mouse zygotes  t o  r a d i a t i o n  a t  v a r i o u s  times a f t e r  i n  v i t r o  f e r t i l i z a t i o n  of 

ova. The a u t h o r s  used b l a s t o c y s t  format ion  t o  q u a n t i t a t e  r a d i a t i o n  

e f f e c t i v e n e s s  dur ing  t h e  f i r s t  1 2  hour s  a f t e r  f e r t i l i z a t i o n  . They observed 

r e l a t i v e l y  low s e n s i t i v i t y  s h o r t l y  a f t e r  sperm en t ry ,  extremely high 

s e n s i t i v i t y  (LD-50, 40R) a t  t h e  beginning of pronuclear  development (4-6 h r  

a f t e r  f e r t i l i z a t i o n ) .  I n  t h e  l a t e r  pronuclear  s t age  (12 h r )  t h e  s e n s i t i v i t y  

a g a i n  became low (LD-50, 400R). 

of rad ia t ion- induced  chromosome a b e r r a t i o n s  i n  f i r s t - c l eavage  metaphases  a f t e r  

i r r a d i a t i o n  of zygotes  i n  t h e  e a r l y  v s  l a t e  pronuclear  s tage .  These a u t h o r s  

concluded t h a t  such i n  v i t r o  systems can provide an e x c e l l e n t  method f o r  

a s s e s s i n g  changes i n  r a d i a t i o n - s e n s i t i v i t y  of t h e  pronuclear  mouse embryo 

du r ing  t h e  complete c e l l  cyc le .  

They a l s o  noted v a r i a b i l i t y  i n  t h e  frequency 

That t h e  a b i l i t y  of mammalian ova t o  r e p a i r  UV-induced g e n e t i c  damage may 

depend on t he  s t r a i n  of female  mouse w a s  suggested by t h e  s t u d i e s  of Pedersen 

and Bennett .  

s t r a i n s  by f e r t i l i z i n g  ova i n  v i t r o  wi th  UV-irradiated spermatozoa. The 

f e r t i l i z e d  eggs were a l lowed t o  proceed through one round of DNA s y n t h e s i s  i n  

the  presence of BrdU. They observed  s i g n i f i c a n t l y  d i f f e r e n t  SCE f r equenc ie s  

(14-fold)  a f t e r  f e r t i l i z a t i o n  of ova from Balb/C, Dub, and C57 b lack  mice, and 

concluded t h a t  t h e  d i f f e r e n c e s  may be r e l a t e d  t o  s t r a i n  s p e c i f i c  d i f f e r e n c e s  i n  

r e p a i r  capabi l  i t i e  s . 

These a u t h o r s  a s s e s s e d  SCE f r equenc ie s  i n  embryos of t h r e e  mouse 
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An i n t e r e s t i n g  paper  t h a t  i s  a l r e a d y  g e n e r a t i n g  some d i scuss ion  on 

e s t i m a t i o n  of g e n e t i c  r i s k  i n  the  male was p resen ted  by P. W .  W.  van Buul. 

This a u t h o r  presented  d a t a  on t h e  i n d u c t i o n  of t r a n s l o c a t i o n s  i n  stem c e l l  

spermatogonia of rhesus  monkeys exposed t o  25 t o  400 r ad  r a d i a t i o n .  He 

observed  t h a t  both dose response  and dose f r a c t i o n a t i o n  e f f e c t s  i n  t h e  rhesus  

monkey were q u i t e  d i f f e r e n t  t han  p rev ious ly  r e p o r t e d  da ta  i n  the  mouse, 

a l though  h i s t o l o g i c a l  f i n d i n g s  were q u i t e  similar i n  rhesus  monkey and man. 

Likewise,  t h e  inc idence  of t r a n s l o c a t i o n s  i n  t h e  rhesus  monkey spermatocytes  

was approximately 10-fold lower than  t h a t  p rev ious ly  observed i n  t h e  marmoset. 

The r e a s o n s  f o r  t h e  d i s c r e p a n c i e s  i n  t h e  observed  e f f e c t s  i n  d i f f e r e n t  spec ie s  

are  n o t  clear,  but  suggest  t h a t  a d d i t i o n a l  s t u d i e s  w i l l  be r equ i r ed  t o  r e s o l v e  

t h e  r i s k  of male germ c e l l  exposure.  

In a d d i t i o n  t o  these  v a r i o u s  papers  which I considered d i r e c t l y  r e l e v a n t  t o  

ongoing work i n  our  l a b o r a t o r y ,  I would l i k e  t o  g ive  a synopsis  of two 

a d d i t i o n a l  l e c t u r e s  t h a t  were r e l e v a n t  t o  my work on NCRP Committee 40. 
On Tuesday morning, Dr. M. M. Elkind ( P a s t  P r e s i d e n t  of t he  U. S. Radia t ion  

Research Soc ie ty )  presented  a n  e x c e l l e n t  overview of r e p a i r  mechanisms i n  

r ad ia t ion - induced  c e l l  t ransformat ion .  Although Dr. Elkind i s  c u r r e n t l y  i n  t h e  

Department of Radiology and Rad ia t ion  Biology a t  Colorado S t a t e  Un ive r s i ty ,  

much of t h e  work he  d i scussed  had been conducted dur ing  h i s  e a r l i e r  t enu re  a t  

t h e  DOE F a c i l i t y  a t  Argonne Nat iona l  Labora tory .  J k .  Elkind in t roduc ted  h i s  

l e c t u r e  by n o t i n g  t h a t  a p p r o p r i a t e  i n  v i t r o  mammalian c e l l  systems f a c i l i t a t e  

t h e  s tudy of c e l l u l a r  mechanisms of r a d i a t i o n  oncogenesis.  For work conducted 

a t  Argonne, he and h i s  co l l eagues  employed t h e  mouse embryo der ived C3B 10T1/2 

c e l l s  f o r  s t u d i e s  of t he  e f f e c t s  of p r o t r a c t e d  r a d i a t i o n  exposures on c e l l  

k i l l i n g  and t h e  inc idence  of n e o p l a s t i c  t ransformat ion .  These c e l l s  normally 

e x h i b i t  con tac t  i n h i b i t i o n  i n  monolayer c u l t u r e s ,  but a f t e r  n e o p l a s t i c  

t r a n s f o r m a t i o n  w i l l  form f o c i  ( c o l o n i e s )  of  dense ly  packed, d i sorganized  c e l l s  

t h a t  can be r e a d i l y  i d e n t i f i e d  by a p p r o p r i a t e  s t a i n i n g  procedures. Cel ls  from 

such f o c i  g i v e  r ise t o  f ibrosarcomas  when i n j e c t e d  i n t o  C3H mice. For s t u d i e s  

of t h e  e f f e c t s  of r a d i a t i o n  q u a l i t y  and p r o t r a c t i o n  on t h e  incidence of 

i n d u c t i o n  of transformed c e l l s ,  monolayers were i r r a d i a t e d  and 150 v i a b l e  c e l l s  

i n o c u l a t e d  i n t o  p e t r i  d i shes .  Dishes were assayed f o r  co lonies  a t  t he  end of 

f i v e  weeks. For s t u d i e s  of c e l l  s u r v i v a l ,  80 ce l l s  were inocula ted  and assayed 
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a f t e r  1 4  days. Dr. Elkind summarized d a t a  from s e v e r a l  s t u d i e s ,  and noted t h e  

f o l  lowing r e  1 evant  conclus ions  : 

1 )  p o t e n t i a l l y  t ransformed c e l l s  e x h i b i t  t h e  same s e n s i t i v i t y  a s  o ther  

c e l l s  i n  te rms  of c e l l  k i l l i n g  

2) t h e  e x p r e s s i o n  of t ransformat ion  i n  i r r a d i a t e d  c e l l s  depends on two 
concurren t  phenomena, i.e. t h e  i n d u c t i o n  p r o c e s s  as modif ied by c e l l  k i l l i n g ,  

so t h a t  t h e  observed dose response r e f l e c t s  t h e  combination of t h e  two 

proce s se s 

3)  c e l l s  can r e p a i r  s u b l e t h a l  damage when doses  of low-LET r a d i a t i o n  a r e  

d e l i v e r e d  a t  low dose r a t e s  

4) i n  a d d i t i o n  t o  r e p a i r  of s u b l e t h a l  damage, ce l l s  can a l s o  r e p a i r  

"sub-transf ormation" damage a f t e r  exposure t o  low dose r a t e  low-LET r a d i a t i o n  

5 )  i n  c o n t r a s t  t o  low LET r a d i a t i o n ,  p r o t r a c t e d  exposures  of f i s s i o n  

spectrum n e u t r o n s  ( Janus  r e a c t o r  a t  Argonne Nat ional  Laboratory)  r e s u l t  i n  t h e  

s i g n i f i c a n t  enhancement of t h e  frequency of t ransformat ion  i n  t h e  low dose 

r e g i o n s ,  w h i l e  c e l l  s u r v i v a l  i s  e s s e n t i a l l y  unchanged r e l a t i v e  t o  t h a t  observed 

a f t e r  a s i n g l e  dose d e l i v e r e d  a t  a h igh  dose r a t e .  

D r .  Elkind noted  t h a t  d a t a  presented i n  a r e c e n t  r e p o r t  by Goodhead (which 

w i l l  be publ i shed  w i t h i n  t h e  next  few months) was r e l e v a n t  t o  t h e  d iscuss ion  of 

neut ron  e f f e c t s .  A t  doses  of 0 - 10 r a d s ,  82% of t h e  i r r a d i a t e d  ce l l s  a r e  not  

" h i t "  f o l l o w i n g  exposure t o  f i s s i o n  spectrum neutrons,  and of those t h a t  a r e  

h i t ,  90% are  s i n g l e  h i t s  w h i l e  only 10% a r e  double h i t s .  

H e  concluded by n o t i n g  t h a t  tumorgenesis probably depends on two f a c t o r s :  

1) c e l l  t r a n s f o r m a t i o n  x c e l l  s u r v i v a l  

2)  r e p a i r  i n  t a r g e t  c e l l s  

H e  a l s o  s t r e s s e d  t h a t  s t u d i e s  a t  Argonne suggest t h a t  e f f e c t s  a r e  

autonomous, i.e. on s i n g l e  cel ls ,  and t h a t  i n t e r a c t i o n  of c e l l s  i s  not  requi red  

i n  t ransformat ion .  This  viewpoint  i s  c u r r e n t l y  c o n t r o v e r s i a l  s i n c e  work a t  

Columbia U n i v e r s i t y  s u g g e s t s  t h a t  i n t e r a c t i o n  of l e t h a l l y  i r r a d i a t e d  and 

non- le tha l ly  i r r a d i a t e d  c e l l s  i s  necessary f o r  t ransformation.  

In my opin ion ,  t h e  most i n t e r e s t i n g  a s p e c t  of t h e  s t u d i e s  w i t h  10T1/2 

ce l l s  i s  t h e  o b s e r v a t i o n  of enhancement of t ransformat ion  a f t e r  p r o t r a c t e d  

exposures  t o  f i s s i o n  spectrum neutrons,  which D r .  Elkind h a s  i n t e r p r e t e d  t o  be 

t h e  r e s u l t  of a n e t  "error-prone" r e p a i r  of t ransformat iona l  damage. The 

p o s s i b i l i t y  of " p o t e n t i a t i o n "  of e f f e c t s  of neut rons  a f t e r  p r o t r a c t e d  exposures 

raises q u e s t i o n s  r e g a r d i n g  e s t a b l i s h i n g  s a f e  l i m i t s  of permiss ib le  exposures 
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f o r  workers  i n  the  atomic i n d u s t r y ,  and such information must be considered.  

However, i t  seems t o  m e  t h a t  c o n s i d e r a b l e  a d d i t i o n a l  work wi th  i n  v i t r o  

t r a n s f o r m a t i o n  systems i s  needed t o  v a l i d a t e  f i n d i n g s  and t o  r e s o l v e  p o i n t s  of 

cont roversy  i n  data r e p o r t e d  by major r e s e a r c h  groups a t  Columbia, Harvard, and 

A r  gonne . 

L a s t l y ,  D r .  G i l  Beebe of t h e  Nat iona l  Cancer I n s t i t u t e  d e l i v e r e d  a n i c e  

overview of v a r i a b l e s  t h a t  a f f e c t  r a d i a t i o n  carc inogenes is  i n  man. 

in t roduced  t h e  t a l k  by r a i s i n g  t h e  q u e s t i o n ,  "Is r a d i a t i o n  a genera l  

carcinogen?" and noted t h a t  e x t e n s i v e  d a t a  have shown t h a t  chronic  lymphocytic 

leukemia and Ewing's sarcoma a r e  n o t  induced by r a d i a t i o n .  Of t h e  c a n c e r s  t h a t  

are  known t o  be rad iogenic ,  such a s  t h y r o i d  cancer ,  cancer of t h e  bone marrow, 

and b r e a s t ,  most i s  known about  t h y r o i d  cancer.  I n  each of these  cancers  t h e  

induced inc idence  i s  q u i t e  d i f f e r e n t  from t h e  n a t u r a l  incidence a t  s p e c i f i c  

si tes.  H e  suggested t h a t  a v a r i a b l e  t h a t  should be considered i s  t h e  

p o s s i b i l i t y  t h a t  t h e r e  may be d i f f e r e n c e s  i n  s e n s i t i v i t y  of d i f f e r e n t  t i s s u e s  

and si tes.  Regarding dos imet ry  he s t r e s s e d  t h a t  mean t i s s u e  doses  a r e  

obviously more meaningful t h a n  s k i n  doses,  and t h a t  even wi th  s p e c i f i c  t i s s u e s ,  

a l l  c e l l s  may not  be t a r g e t -  cells. H e  suggested t h a t  some of t h e  v a r i a t i o n s  i n  

r i s k  estimates may be r e l a t e d  t o  how dose i s  ca lcu la ted .  I n  terms of t h e  

impact of r a d i a t i o n  a u a l i t y  on r i s k  i n  man, he ind ica ted  t h a t  c u r r e n t l y  very  

l i t t l e  i s  known of t h e  e f f e c t i v e n e s s  of neutrons,  e s p e c i a l l y  i n  l i g h t  of t h e  

r e c a l c u l a t i o n  of dose i n  t h e  Hiroshima A-Bomb survivors .  Likewise, more 

informat ion  i s  needed on 1-131 i n  r e l a t i o n  t o  i t s  importance i n  nuc lear  r e a c t o r  

a c c i d e n t s .  Another f a c t o r  t h a t  should be considered i s  threshold .  S t u d i e s  i n  

an imals  have suggested t h a t  t h e r e  i s  a t h r e s h o l d  f o r  cancer i n d u c t i o n  i n  some 

s i tes .  Also, t h e r e  may be subpopulat ions of humans with increased  r a d i a t i o n  

s e n s i t i v i t y .  

widespread i n  t h e  human popula t ion .  

subpopulat ions w i t h  g e n e t i c a l l y  determined h y p e r s e n s i t i v i t y  i s  a confouning 

v a r i a b l e  when t r y i n g  t o  der ive estimates of r i s k .  He  a l s o  noted t h a t  some 

s t u d i e s  have suggested t h a t  a l l  leukemia may be the r e s u l t  of exposures t o  

background r a d i a t i o n  but caut ioned  t h a t  such d a t a  may be q u i t e  confusing i f  

popula t ion  s i z e s  are n o t  l a r g e  enought t o  o b t a i n  accura te  s t a t i s t i c a l  data .  

Brief  mention was a l s o  made of t h e  v a r i a b l e  dose r a t e .  NCRP Committee 40, of 

H e  

S t u d i e s  have shown t h a t  he te rozygotes  f o r  t h e  AT gene a r e  

The p o s s i b i l i t y  t h a t  t h e r e  may be human 
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which I am a member, had concluded i n  Report  6 4  t h a t ,  based on a number of 

b i o l o g i c a l  systems, t h e  b e s t  e s t i m a t e  of a DREF (dose r a t e  r e d u c t i o n  f a c t o r )  i s  

2-10. However, t h e  only human d a t a  f o r  comparing t h e  e f f e c t s  of dose r a t e  i n  

cancer  induct ion  i n  human p o p u l a t i o n s  s u g g e s t s  t h a t  no r e d u c t i o n  i n  r i s k  f o r  

b r e a s t  cancer can be demonstrated a f t e r  f r a c t i o n a t i o n  of doses  (TB s e r i e s  v s  

data from A-Bomb s u r v i v o r s ) .  Another important  v a r i a b l e  i n  a s s e s s i n g  t h e  

c a r c i n o g e n i c i t y  of i o n i z i n g  r a d i a t i o n  i s  t h e  t i m e  response f o r  e x p r e s s i o n  of 

cancer .  Although b i o l o g i c a l  de te rminants  are  n o t  c l e a r ,  i t  h a s  been observed 

t h a t  f o r  s o l i d  tumors t h e  appearance of malignancy i s  i n v e r s e l y  r e l a t e d  t o  age 

a t  t i m e  of exposure. The younger t h e  person a t  t h e  t i m e  of exposure t h e  l a t e r  

t h e  cancer  appears.  For some cancers ,  i.e. c e r v i c a l  cancer,  e x p r e s s s i o n  

c o n t i n u e s  u n t i l  t h e  end of l i f e .  In g e n e r a l ,  t h e  la tency per iod  depends on 

dose. Also important i n  t h e  e x p r e s s i o n  of r a d i a t i o n  induced c a n c e r s  a r e  a 

number of hos t  f a c t o r s .  Age i s  a primary determinant  of risk. 

s t u d i e s  have shown t h a t  cancer i s  i n c r e a s e d  a f t e r  pe lv ic  r a d i a t i o n  of t h e  

f e t u s .  Thus, t h e  f e t u s  may be h ighly  r a d i o s e n s i t i v e .  Also, sex, race, 

hormonal s t a t u s  may i n f l u e n c e  t h e  e x p r e s s i o n  of radiogenic  cancer.  This h a s  

been amply demonstrated i n  experimental  animal systems. Also, t h e r e  i s  some 

c u r r e n t  controversy on r i s k  p r o j e c t i o n  models, whether one should view data i n  

terms of r e l a t i v e  or  a b s o l u t e  r i s k .  

demonstrated t h e  complexi t ies  involved i n  conducting epidemiological  s t u d i e s  i n  

a t t e m p t s  t o  quant i fy  t h e  carc inogenic  r i s k  of exposure of human popula t ions  t o  

i o n i z i n g  r a d i a t i o n .  

For example, 

C e r t a i n l y  t h i s  l e c t u r e  c l e a r l y  
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Overall C r i t i a u e :  

As I noted  i n  t h e  in t roduc to ry  paragraphs of t h i s  t r i p  r e p o r t ,  I considered 

t h e  7 t h  I n t e r n a t i o n a l  Congress t o  have been wel l -planned and wel l -organized,  

and t h e  f a c i l i t i e s  a t  the  RAI gene ra l ly  e x c e l l e n t .  The a t t endance  was good, 

and inc luded  a l a r g e  number of we l l -qua l i f i ed  p a r t i c i p a n t s  from many count r ies .  

A s  w i th  any l a r g e  meet ing,  t he  q u a l i t y  of science presented  i n  t h e  p ro f fe red  

p a p e r s  v a r i e d  cons ide rab ly  from e x c e l l e n t  t o  mediocre,  but g e n e r a l l y  w a s  good. 

Likewise,  t h e  l e c t u r e s  presented  by t h e  i n v i t e d  Semi-plenary and In t roduc to ry  

Speakers  were f o r  t h e  most p a r t  thought-provoking and wel l -presented  by highly 

recognized s p e c i a l i s t s  i n  s eve ra l  r e s p e c t i v e  f i e l d s .  

My primary cri t icism of the  s c i e n t i f i c  o r g a n i z a t i o n  of t h e  meet ing re la tes  

t o  t h e  format  of p r e s e n t a t i o n  of the  p r o f f e r e d  papers.  Although I am 

sympathet ic  w i t h  t h e  dilemma of the  Program Committee i n  dec id ing  how t o  most 

e f f e c t i v e l y  o r g a n i z e  a program t h a t  inc luded  i n  excess  of 1000 p resen ta t ions ,  I 

personal ly  d i d  n o t  l i k e  the  poster-workshop format .  The primary r easons  for my 

d i s s a t i s f a c t i o n  are  a s  fol lows.  Although w e  had been given s p e c i f i c  

i n s t r u c t i o n  r e g a r d i n g  des ign ,  s i z e  of type,  lay-out e t c .  of p o s t e r s  well  in 
advance of t h e  meet ing,  many of the  p r e s e n t a t i o n s  were i l l e g i b l e  ( f o r  those of 

u s  wi th  b i f o c a l s ) ,  much too  d e t a i l e d ,  o r  no t  n e a r l y  d e t a i l e d  enough. Because 

p o s t e r s  were on d i s p l a y  f o r  only a few hour s  on one day, f r e q u e n t l y  t h e r e  were 

l a r g e  crowds m i l l i n g  about  which made it  d i f f i c u l t  t o  g e t  c l o s e  enough t o  be 

a b l e  t o  r ead  t h e  m a t e r i a l ,  and even more d i f f i c u l t  i n  concen t r a t ing  on 

important  t e c h n i c a l  d e t a i l s .  Another problem, t h a t  may have been somewhat 

unique t o  my r e s e a r c h  area of i n t e r e s t ,  was t h a t  papers r e l a t e d  t o  human and 

experimental  c y t o g e n e t i c s  were widely s c a t t e r e d  and a s s igned  t o  seve ra l  

d i f f e r e n t  s e s s i o n s ,  i nc lud ing  B2. DNA damage and r e p a i r  i n  c e l l s ;  84. 

Mutagenesis and chromosome changes; C4. Genet ic  e f f e c t s ;  E3. Bio log ica l  

i n d i c a t o r s ,  e t c . ,  r e s u l t i n g  i n  confusion i n  s e l e c t i n g  which in t roduc to ry  

speake r f r appor t eu r  s e s s i o n s  t o  a t t end .  I 'm no t  c e r t a i n  what p o s i t i v e  

recommendations I could make f o r  improving t h e  format ,  s ince  schedul ing 1000 

ten-minute t a l k s  would a l s o  present  numerous problems wi th  over lapping  of 

sess ions .  One a l t e r n a t i v e  would be t o  r e s t r i c t  t he  number of p ro f fe red  papers  

accepted  f o r  p r e s e n t a t i o n ,  and poss ib ly  t o  schedule  a number of workshop 

s e s s i o n s  on t o p i c s  of s p e c i f i c  i n t e r e s t .  O r  i f  t he  poster-format  should be 

maintained,  i t  would be h e l p f u l  i f  t he  p o s t e r s  were l e f t  s t and ing  f o r  a longer  

per iod  of t i m e  so t h a t  t he  number of p a r t i c i p a n t s  t r y i n g  t o  r ead  t h e  ma te r i a l  
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a t  any one time might be reduced.  Also,  t h e  poster-workshop format  could be 

improved cons iderably  i f  a l l  p a r t i c i p a n t s  could g l ean  informat ion  r e l a t i v e  t o  

how t o  e f f e c t i v e l y  p re sen t  s c i e n t i f i c  i n fo rma t ion  i n  t h a t  s p e c i f i c  format .  

For me pe r sona l ly ,  t h e  most p o s i t i v e  a s p e c t  of i n t e r n a t i o n a l  meet ings  of 

t h i s  c a l i b e r  i s  t h a t  such g a t h e r i n g s  tend  t o  b r ing  toge the r  a number of 

s c i e n t i s t s  from d i f f e r e n t  c o u n t r i e s  who rarely have t h e  oppor tun i ty  t o  meet and 

d i s c u s s  f i r s t -hand  ongoing work of mutual i n t e r e s t .  I n  h igh ly  s p e c i a l i z e d  

f i e l d s  such a s  human r a d i a t i o n  c y t o g e n e t i c s  t h e r e  are  r e l a t i v e l y  few s c i e n t i s t s  

who are  a c t i v e l y  invovled i n  similar r e s e a r c h  a c t i v i t i e s .  Having t h e  

oppor tuni ty  t o  meet persons  whose work i s  p r imar i ly  known v i a  t h e  l i t e r a t u r e ,  

t ends  t o  promote long-term communications as  wel l  a s  t o  provide a forum f o r  

seeking  t imely  informat ion  on s p e c i f i c  p o i n t s  of c u r r e n t  agreement o r  

disagreement.  To mention j u s t  a few c o n t a c t s  made i n  Amsterdam, i t  was 

c e r t a i n l y  very b e n e f i c i a l  t o  m e  t o  have t h e  oppor tun i ty  t o  d i s c u s s  s e v e r a l  

a s p e c t s  of our ongoing d o s i m e t r y / r a d i a t i o n  r e sea rch  program wi th  David Lloyd of 

t he  NRPB, Jan  Tawn of B r i t i s h  Nuclear  Fue l s  Limited,  David S c o t t  of t h e  Medical 

Research Council ,  and Bauchinger of t h e  Federal  Republic of Germany. 

Likewise,  I was p leased  t o  be a b l e  t o  meet Honda and Tanada of t h e  Radio logica l  

I n s t i t u t e  i n  Japan,  and t o  e s t a b l i s h  t h e  groundwork f o r  f u t u r e  exchange of 

in format ion  on long-term follow-up s t u d i e s  i n  persons  wi th  p rev ious  r a d i a t i o n  

exposures.  S imi l a r  meaningful c o n t a c t s  were made wi th  a number of 

c y t o g e n e t i c i s t s  whose primary i n t e r e s t s  a r e  i n  t h e  a r e a s  of g e n e t i c  

h y p e r s e n s i t i v i t y  and germ c e l l  e f f e c t s .  In a d d i t i o n  t o  t h e  b e n e f i t s  I 

pe r sona l ly  gained from d i s c u s s i o n s  w i t h  p a r t i c i p a n t s  who p resen ted  d a t a ,  I 

b e l i e v e  our e f f o r t s  a t  REAC/TS were f o s t e r e d  i n  t h e  i n t e r n a t i o n a l  community by 

our p r e s e n t a t i o n  of a p o r t i o n  of our  work i n  the  se s s ion  on dosimetry.  Our 

pos t e r  was wel l - received and viewed by a number of persons whose i n t e r e s t s  

ranged from d e f i n i n g  t h e  RBE of a lpha  p a r t i c l e s  t o  a s s e s s i n g  i n  v i v o  e f f e c t s  of 

t r a n s u r a n i c  contaminat ions in nuc lea r  workers.  The cy togene t i c  d a t a  t h a t  w e  

have obta ined  on t he  heav i ly  contaminated Hanford americium a c c i d e n t  surv ivor  

i s  unique, and was viewed w i t h  i n t e r e s t  by a number of p a r t i c i p a n t s .  

Overa l l ,  I was impressed w i t h  the  q u a l i t y  of t he  sc ience  presented  a t  t h e  

I n t e r n a t i o n a l  Congress, and p l eased  t o  have had t h e  oppor tuni ty  t o  a t t e n d  and 

p a r t i c i p a t e .  
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Technical Committee Meeting on "Medical Handling of Over-exposed Persons" 

A t  t h e  i n v i t a t i o n  of Dr. A. Bianco, S c i e n t i f i c  S e c r e t a r y ,  IAEA, On J u l y  11 
and 12 I p a r t i c i p a t e d  i n  a Technical  Committee Meeting on "Medical Handling of 

Overexposed Persons". 

I n t e r n a t i o n a l  Center on t h e  o u t s k i r t s  of Vienna. 

The meet ing was h e l d  a t  IAEA Headquarters,  a t  t h e  Vienna 

The Technical  Committee was assembled by M A  t o  d i s c u s s  t h e  s u b j e c t  

m a t e r i a l  t o  be inc luded  i n  a s e r i e s  of for thcoming manuals t h e  IAEA hopes t o  

produce f o r  d i s t r i b u t i o n  t o  p h y s i c i a n s  i n  both developing and developed 

c o u n t r i e s .  The Committee c o n s i s t e d  of i n v i t e d  p a r t i c i p a n t s  from nine  d i f f e r e n t  

coun tr i e s : 

Mr. Dan Beninson 
C.N.E.A 
Buenos Aires, Argentina 

Mr. Fail Kunz 
I n s t i t u t e  of Hygiene and Epidemiology 
Prague, Czechoslovakia 

Mr. L. Ohlenschlaeger 
Medizinische Abtei lung 
Fed. Rep. of Germany 

Mr. Henri Jammet (Chairman) 
C.E.A. 
Font ena y-a ux-Ro se s , Fr an  ce 

Mr. V. R. Shah 
B.A.R. C. 
Bombay, I n d i a  

Mr. Yukio Tateno 
Nat ional  I n s t i t u e  of Radio logica l  S c i e n c e s  
Chiba, Japan 

Mr. G. B. S c h o f i e l d  
B r i t i s h  Nuclear Fuels ,  Ltd. 
Seascale ,  United Kingdom 

Mr. Ivan Simonovic 
K l i n i c k i  Centar Boln ick i  
Yugoslavia 

I n  a d d i t i o n ,  Dr. N. T. Racoveanu, Chief ,  Radia t ion  Medicine, World Heal th  

Organizat ion was i n  a t tendance .  Dr. Henri  Jammet, of the French Commissariat 

1 0 8 1 1 1 1  
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l 'dnergie  a tomic served a s  Committee Chairman. 

A l l  p a r t i c i p a n t s  convened a t  9 : 0 0  h r s  on Monday morning, and Dr. Bianco 

expla ined  i n  d e t a i l  t h e  charge of t h e  Technical  Committee: t h a t  IAEA wishes t o  

produce two o r  more p u b l i c a t i o n s  a d d r e s s i n g  (1)  t h e  medical and b i o l o g i c a l  

assessment  of human r a d i a t i o n  and (2 )  t h e  medical  c r i t e r i a  f o r  t rea tment  of 

overexposed persons.  

c o n s i d e r a t i o n s  and medical p r i n c i p l e s  r e g a r d i n g  d i a g n o s i s  and prognos is  of 

r a d i a t i o n  i n j u r y ,  and would be publ i shed  a s  an  IAEA Brown S a f e t y  s e r i e s  

booklet .  One o r  more a d d i t i o n a l  g u i d e s  would be publ ished a s  Blue S e r i e s  

documents, which a r e  manuals o r  "how to"  b o o k l e t s  address ing  s p e c i f i c  medical 

c r i t e r i a  f o r  t rea tment .  It i s  IAEA's i n t e n t  t h a t  t h e  manuals c o n t a i n  

informat ion  r e l e v a n t  t o  t h e  needs of both t h e  "educated" phys ic ian ,  and of 

p h y s i c i a n s  having no previous  t r a i n i n g  i n  r a d i a t i o n  medicine. Dr. Bianco 

i n v i t e d  t h e  p a r t i c i p a t i o n  and co-sponsorship of t h e  WHO i n  t h i s  v e n t u r e ,  and 

Dr. Racoveanu v o i c e d  h i s  support .  

The f i r s t  volume would d e a l  wi th  t h e o r e t i c a l  

During t h e  next  two days a g e n e r a l  s u b j e c t  o u t l i n e  was developed f o r  

m a t e r i a l  t o  be inc luded  i n  t h e  p u b l i c a t i o n s .  A f t e r  cons iderable  d iscuss ion ,  i t  

was agreed t h a t  t h e  Brown S a f e t y  Ser ies  Volume should a d d r e s s  t h e  General 

P r i n c i p l e s  of Diagnosis .  Prognosis ,  and Treatment of Over-exposed Persons and 

should d i s c u s s  s e v e r a l  t h e o r e t i c a l  c o n s i d e r a t i o n s  t h a t  face physician's dea l ing  

w i t h  persons w i t h  p o t e n t i a l  r a d i a t i o n  i n j u r y ,  inc luding:  

1. Tvpes of over-exposure and D e f i n i t i o n  of exposure ( 2  x ICRP limits) 

2. Mechanisms of Radia t ion  Act ion 

a. S t o c h a s t i c  e f f e c t s  

b. Non-stochastic e f f e c t s  

(Forthcoming recommendations of ICRP Committee I would be used i n  t h i s  

s e c t i o n ) .  

3. General  P r i n c i p l e s  of Diagnosis  

Immediate Act ions  t o  be Taken by Phvs ic ians  

a. C o l l e c t i o n  of exposure informat ion  ( d e t a i l e d  p a t i e n t  h i s t o r y )  

b. I n i t i a t i o n  of decontaminat ion i f  necessary 

c. Treatment of t r a u m a t i c  i n j u r y  has  f i r s t  precedence ( t h e r e  was 

c o n s i d e r a b l e  d i s c u s s i o n  on t h e  need f o r  o b t a i n i n g  a c c u r a t e  informat ion  on t h e  

a c c i d e n t  s c e n e r i o  and i t  was decided t h a t  a series of q u e s t i o n s  t h a t  a 

phys ic ian  might use i n  h i s t o r y  t a k i n g  would be h e l p f u l ) .  

1 0 8 1 1 1 2  
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4. Measurements of E f f e c t s  of Damage 

a. Discussion r e g a r d i n g  t e s t s  f o r  phys io logica l  f u n c t i o n s  and 

b. Morphological changes 

5 .  P r i n c i p l e s  of Treatment  

a. Externa l  Exposure 

Discussion of f i r s t  a c t i o n  t o  be taken i n  i n s t a n c e s  of e x t e r n a l  

exposures.  (For example, i n  i n s t a n c e s  of l o c a l i z e d  exposures,  t h e  t e x t  should 

a d d r e s s  t h e  q u e s t i o n  "If t h e  phys ic ian  observes  t h i s  s p e c i f i c  symptom-take t h i s  

ac t ion" . )  It  was recommended t h a t  t h e  i n s t r u c t i o n s  a l s o  note  "what n o t  t o  do". 

S e v e r a l  t h e o r e t i c a l  p o i n t s  should be discussed i n c l u d i n g  c o n t r a s t i n g  r a d i a t i o n  

and chemical burns,  t h e  need f o r  a s s e s s i n g  dose and dose d i s t r i b u t i o n  and 

h i g h l i g h t i n g  t h e  t i m e  course  e v o l u t i o n  of symptoms f o r  both p a r t i a l  body and 

who1 e body expo s u r e  s. 

b. E x t e r n a l  Contamination 

The key p o i n t s  t o  be addressed should i n c l u d e  1 )  t h e  assessment of 

whether contamination i s  p r e s e n t  2 )  a c t i o n s  t o  be taken  (wash exposed a r e a ,  

save f i r s t  wash sample etc.)  3 )  guard a g a i n s t  i n t e r n a l  contamination of p a t i e n t  

and cross-contamination of medical  o r  emergency personnel.  

c. I n t e r n a l  Contamination 

Should p r e s e n t  r a t i o n a l e  f o r  medical management of i n t e r n a l l y  

contaminated p a t i e n t s ,  key p o i n t :  t r e a t  l i f e - t h r e a t e n i n g  s i t u a t i o n  f i r s t ,  then 

proceed with decontamination. 

I n  a d d i t i o n  t o  f o r m u l a t i n g  a n  o u t l i n e  f o r  t h e  Brown Safe ty  S e r i e s  Document, 

t h e r e  was cons iderable  d i s c u s s i o n  of what in format ion  should be included i n  t h e  

Blue S e r i e s  Manuals. It was g e n e r a l l y  agreed t h a t  a t  l e a s t  t h r e e  manuals would 

be needed i n i t i a l l y ,  i n c l u d i n g  I n s t r u c t i o n  Manuals on (1) Assessment and 

t rea tment  of e x t e r n a l  exposures  and i n t e r n a l  contaminations,  (2 )  Biologica l  

dosimetry methods and ( 3 )  P h y s i c a l  dosimetry methods. 

t h e  Committee a n  o u t l i n e  of a Blue Book on B i o l o g i c a l  Dosimetry t h a t  i s  

c u r r e n t l y  under formula t ion .  

Dr. Bianco presented t o  

During t h e  two days t h a t  I p a r t i c i p a t e d ,  t h e  Committee made r a t h e r  slow but 

s u b s t a n t i a l  p r o g r e s s  i n  f o r m u l a t i n g  an  o u t l i n e  f o r  t h e  Brown Series 

Publ ica t ion .  

and Heal th  Sc iences  Div is ion ,  and REAC/TS have deservedly had on such 

I was impressed a t  t h e  impact t h a t  e a r l i e r  work a t  t h e  Medical 



-3 2- 

i n t e r n a t i o n a l  meetings. On numerous o c c a s i o n s  re ference  was made t o  u s e f u l n e s s  

of I C R P  P u b l i c a t i n  28 on The P r i n c i p l e s  and General Procedures f o r  Bandl inq 

Emergency and Accidental  Exposures of Workers t o  which Dr. Gould Andrews 

c o n t r i b u t e d ;  t o  IAEA Series #47 Manual on E a r l y  Medical Treatment of P o s s i b l e  

R a d i a t i o n  I n j u r y  t o  which D r .  C. C. Lushbaugh made considerable  c o n t r i b u t i o n s ,  

and t o  our REAC/TS Conference Proceedings on The Medical Bas is  € o r  Radia t ion  

Accident  Preparedness  e d i t e d  by Drs. Karl Hubner and Shi r ley  Fry. Although my 

primary c o n t r i b u t i o n  t o  t h e  Committee was t o  o f f e r  commentary r e g a r d i n g  

c y t o g e n e t i c  methods f o r  assessment  of dose,  I personal ly  b e n e f i t t e d  from t h e  

g e n e r a l  d i s c u s s i o n ,  and hope t h a t  some of t h e  information t h a t  I gleaned w i l l  

be of use t o  o t h e r  s t a f f  members a t  REAC/TS. 



APPENDIX A 

t 
SIX YE_AR-W-WWE_TIC FOLLOW-UP STUDY OF AN INDIVIDUAL HEAVILY CONTAMINATED 

- 
- ,- 

I 

-y:G. L i t t l e f i e l d ,  'E. Jo ine r ,  'R. J. DuFrain, IS. Colyer and 2B. B r e i t e n s F h ,  ' I  A Oak Ridge Associated Universi t ies ,  Oak Ridge, Tennessee and 'Hanford 
-mental Health Foundation, Richland, Washington, U.S.A. 
7 

igators a t  t h e  University of Pit tsburgh ( 2 ) .  I n  t h i s  r epor t  we summarize 
Y of t he  Oak Ridge Studies. 

-! 
I 
t I I - Thir ty  days a f t e r  t h e  accident w e  i n i t i a t e d  SOhr lymphocyte cultufes on- 

- 's i te a t  Hanford t o  determine whether cytogenetic evidence of in vivo expolsure t o  
- 'a-particles could be detected.  In  the analysis  of 179 metaphases w e  observed 

-that 33 had typ ica l  radiation-induced 
1 'damaged metaphases exhib i t ing  multiple 2-break 
observat ions s ign i f icant  because of the  paucity of 
e f f e c t s  in lymphocytes of persons in t e rna l ly  contaminated w i t h  
ments. A t  92 days a f t e r  t h e  accident we conducted s tudies  t o  

- 
- 
-any va r i ab le s  in our cu l tu re  system would a f f e c t  the  

-bearing a-radiation-induced chromosome lesions.  In 
-we observed: (1) no s ign i f i can t  differences i n  the  types or frequencies af ab: 
- e r r a t i o n s  in cul tures  i n i t i a t e d  'knitfa- 
t e d  from blood shipped t o  Oak Ridge ( 2 )  no difference in aberrat ions between 
SOhr micro vs.  macro cu l tu re s  (3) a s ign i f i can t  decrease in aber ra t ions  in cul- 
tures harvested a t  52 vs. 50 hours. 

on-site compared t o  data from cu l tu re s  

I - 

r :  r 
- 
- 

Subsequently, we have analyzed radiation-induced chromosome aberrat ions i n  
-48-5Ohr Iqrmphocyte cu l tu re s  from 10 addi t ional  shipped blood samples. The high- 
-es t  frequency of cel ls  with cen t r i c  r ings  and di- o r  mul t icen t r ics  ( i . e r  24%) 
- w a s  noted i n  cul tures  i n i t i a t e d  3 months a f t e r  the i n i t i a l  contamination.-During 

t h e  17th through the 39th month only 8-100 of the metaphases examined had-asym- 
metrical les ions.  In the  sample o b t a b e d  a t  39 months w e  i n i t i a t e d  bromodeoxyur- 
idine-subst i tuted cu l tu re s  t o  allow se lec t ive  analysis  of metaphases & t h e i r  
f i r s t  i n  v i t r o  divis ion,  and observed les ion frequencies comparable €0 OUT 

- f i n d i n g s  in the  33 month cu l ture  which d id  not contain BrdU.  Beginning- a t  47 
months w e  have observed an apparent increase in both the  percentage of- meta- 

-phases bearing cent r ic  r ings  and mult icentr ics  and in t h e  r e l a t i v e  numbers of 
l e s i o n s  in the  damaged c e l l s  (Table  1). In addition t o  scoring aberrat ions,  we 
analyzed s i s t e r  chromatid exchanges i n  2nd division metaphases in 72hr BrdU-sub- 
s t i t u t e d  cu l tures  a t  10, 20 and 35 months, and i n  49-5Ohr cu l tu re s  a t  47 and 53 
months- SCE frequencies- were-not -elevated-above-control-levels-in4ny-~lture. 

- 

2 . - .  
- *  . _. .~ - ... . .  

.. . _  _. . - .  
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- T a b l e  I.-. . Cytogenetkc findings in lymphocytes from 241-w accident v i c t i d ,  I 

-Month C e l l s  I Cells with* % Cells  with Rings Ring and Dicentric - 
- 

- cL;?-z- - - -sCore-d2C Lesions and Dicentrics Equivalent s /lOOLe 11 s 
, I  

4 10 300 
i 17 200 
I 20 200 

200 
200 
220 

200 
100 
162 

c x x z -  :ezj5iere 

22.4 
9.5 
10.5 
10.5 
13.0 
15.4 
26.7 
31.5 
20.0 
18.0 

14.5 
24.0 
18 .O 
8 .O 
8 . 5  
7.5 
9.0 
10.0 
16 .O 
22.5 
16.0 
13.6 

27 
46 

14.5 
38.7 
40.5 
43.0 
22.8 

- p Excluding gaps and chromatid breaks. 
-!f Lesions in 1st division metaphases f r o m  BrdU-substituted cultures. ' I n  all cul tures  a cha rac t e r i s t i c  observation is  t h a t  many of t h e b d i a ;  
+ion-damaged metaphases exhibit multiple 2-break les ions.  To determine whether 
- the observed d is t r ibu t ion  of d icent r ics  differed from that expected based on 
Poisson s t a t i s t i c s ,  we  calculated p robab i l i t i e s  based on uni t  normal heviati 

overdispersed r e l a t ive  t o  the  Poisson expectation. ( T a b l e  2 )  

1 
I 

values. In all cul tures  the  observed d is t r ibu t ion  was s ignif icant ly  (p < 

I 

- 
- 
- 

I 
i -hable 2 .  Example of d i s t r ibu t ion  of d icent r ics  (data from 53x10 culturelk 

! L 

t i  C e l l s  w i t h  N o .  of Dicentrics - 

3 4 5 6 I- --k Dicent # C e l l s  x - 0 1 2 

I p'-< ,001 
1 

1 O t  

72 200 .360 Exp. 139 5 1  9 1 0 0 -i 

? Obs. 156 30 7 3 2 1 - 
I I 

- 
- O u r  data show t h a t  cytogenetic evidence of in vivo exposures t o  a para-icles 

-can be detected by scoring aberrat ions in cultured lymphocytes of h r s o n s  
heavily contaminated with Am-241, and t h a t  overdispersion of 2-break l e s ions  is 
a charac te r i s t ic  finding. Our observation of a gradual decline in the-number 

o f  radiation-damaged metaphases during the  17th through the 39th month, and a 
-subsequent increase i n  les ion  bearing c e l l s  during the 4th and 5th y e a r a f t e r  

- the  i n i t i a l  contamination was unexpected. Presently, w e  have no explanation f o r  
- t h i s  observed pat tern,  but it appears t h a t  fac tors  other than lymphocyte-turn- 
_over and cumulative whole body dose a re  a f fec t ing  the cytogenetic findings.  

- 
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APPENDIX B 

ITINERARY FOR DR. L. GAYLE LITTLEFIELD 

July 1, 1983 
J ~ l g  1, 1983 
J u l y  2, 1983 

Jniy 2-8, 1983 

July 9, 1983 

* 
2 ~ 1 ~  11-12, 1983 

J u l y  15, 1983 

.7aly 16, 1483 

AMSTERDAY-VIENNA TRIP 

7/1/83 - 7/16/83 
Left Clinton home for Atlanta, GA 2:OO p.m. 
Left Atlanta, GA # 18 9:30 p.m. 
Arrived London, England 10:15 a.m. 
Left London B. Caledin # 818 11:15 a.m. 

Arrived Amsterdam, The Netherlands 

Attended 7th International Congress Radiation Research 

Hotel: Eurocrest, De Boelelaan 2 ,  Amsterdam 
Left Amsterdam KLM 809 12:50 p.m. 

Arrived Vienna, Austria 

Hotel: Astoria, 1010 Wien, Kartner 32, Vienna 
Attended International Atomic Energy Agency Meeting 
Left Vienna KLM #258 11:ZO a.m. 
Arrived Amsterdam 1:05 p.m. 

Hotel : I b i s ,  Amsterdam 
Left Amsterdam B. Caledin 11811 10:15 a.m. 
Arrived London 10:15 a.m. 

Left London Delta 811 12:15 p.m. 

Arrived Atlanta, GA 5:30 p.m. 

Arrived Clinton, TN 9:00 p.m. 

x 
Traveler on annual leave J u l y  13, 14, 15, 1983. 


