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ENEWETOK A T O L L  

Ear ly  Return P r o g r a m  

Operational Plan 

Japtan Is land 

Mars  hal l  Is lands Dist r ic t  

T r u s t  T e r r i t o r y  of the Pacif ic  Islands 





ENEWETOK EARLY RETURN 
Operational  P l a n  
Jap tan  Is  land 

This  plan i s  predicated on the r e tu rn  during the f i r s t  q u a r t e r  of 
1975 of approximately  50 Dri-Enewetok t o  Jap tan  Island,  a s  a n  advance 
pa r ty  of the  t o t a l  r e tu rn  of the Enewetok people to the i r  home a to l l  follow- 
ing cleanup and rehabilitation. 

The physical  plan for  this t empora ry  community makes  ce r t a in  
assumptions  based  on the  joint r e tu rn  ag reemen t s  between the  Defense 
Nuclear  Agency, Depar tment  of In te r io r ,  and the  T r u s t  T e r r i t o r y  
Government.  Following a r e  thes e assumptions .  

1. The 50 re turning people wil l  be broken into  family  groups and 
i t  is a s s u m e d  that  na tu r a l  population apprecia t ion will  be  accepted.  

2. The  Dis t r i c t  Admin i s t r a to r ' s  Representa t ive  and family  will  
be  in  addition to  the or iginal  50 people and he will. r equ i re  housing and an  
office within the t e m p o r a r y  camp.  

3 .  Based  on the above, 10 living units will. b e  requ i red  and will  be 
accommodated in  2 and 4 room apar tments  in buildings #2 19 1 and #2 106. 

4. The T r u s t  T e r r i t o r y  Government wil l  supply a l l  r egu l a r  
Governmental  suppl ies  and field t r i p  s e r v i c e ,  but a l l  r equ i r ed  public 
facil i ty personne l  wil l  be included in  the or iginal  50 r e tu rnees .  

5. Employment  fo r  s o m e  of the  adult  m a l e s  wil l  be  avai lable  in 
Enewetok Atol l  by var ious  agencies  with the initia.1 employment  linked, 
through the T r u s t  T e r r i t o r y  of the  Pacif ic  Is lands ,  with the Atomic Energy 
Commiss ion ' s  (AEC)  t e s t  planting program.  

6. Self-employment by f ish  drying and seafood collection wi l l  be 
s t imula ted  by mutual  a s s  is tanc e f r o m  a l l  agencies  within the  p a r a m e t e r s  
of the Enewetok Council 's  resolution on re tu rn .  

7. Development cos t s  fo r  the c a m p  would be kept a t  a min imum,  
in  recognit ion of i t s  t empora ry  na ture ,  while accommodat ing the needs 
of the e a r l y  r e tu rnees .  

8. The ma jo r i t y  of the ma te r i a l s  and co l l a t e r a l  equipment fo r  the 
e a r l y  r e tu rn  a r e  available within the  a to l l  ( s e e  a t tached building breakdown). 





9. The re tu rnees  wi l l  be uti l ized in the construct ion of the  
t empora ry  camp,  by the i r  request .  The T. T.  P. I,, wi l l  fu rn i sh  the  
r equ i r ed  supe rv i so ry  personnel ,  equipment and building ma te  r ia ls .  

HOUSING : 

Housing wil l  be accommodated in buildings 11'219 1 and #2106 a s  shown 
on the  Holmes & Narve r  Engineering s tudy for  cleanup. Building #2191 
wi l l  be remodeled into s i x  2 - room units ,  and building #2 106 into four 
4 - r o o m  units .  Limited remodeling of the exist ing in te r io r  spaces  would 
be requ i red ,  consis t ing mainly  of the r emova l  of exist ing wal ls ,  walling 
of the exist ing cen t r a l  hallway, and r e p a i r  of the ::xisting s t r u c t u r e .  
Ex t e r io r  doors  would be requ i red  on both s ides  of each  of the two buildings. 
Construction of a n  ex t e r i o r  wash a r e a  with adjacent  c ru shed  c o r a l  porch 
plus a bathing a r e a ,  wi l l  be required.  (See a t tached plan. ) 

Costs  a r e  es t imated  to  include t ranspor ta t ion ,  m a t e r i a l  acquisi t ion,  
wages and supe rv i so ry  personnel ,  with over t ime  ; ~ n d  p e r  diem for  T .  T .  P. I .  
d i s t r i c t  cen te r  personnel .  

COMMUNITY FACILITIES: 

The school,  meet ing hal l  and church  will  be located in building # 2 1 0 3 .  

Minimal  remodel ing is  requ i red  to accommodate  these  functions. Fu rn i t u r e  
and f ix tures  fo r  the school,  including benches and tables ,  can be made  f r o m  
s c r a p  m a t e r i a l s  available on the is  lands. 

A warehouse / s to rage  space  i s  projected fo r  approximately  1 / 2  of 
building #2 190, with the remaining 1 / 2  uti l ized a s  a radio  room,  Distad 
Represen ta t ive ' s  Office, a n d  a dispensary.  The l a t t e r  facil i ty is  t o  be 
opera ted  a s  an  office fo r  m ino r  consultat ion and t r ea tmen t  in the  s i m i l a r  
manne r  to  a l l  outer  is land d i spensar ies .  Major  emergency  med ica l  needs 
will  be accommodated  a t  the d i spensary  on Enewetok o r  by a i r  lifting to  
the T. T. P. I. f ield hospi ta l  on Ebeye. Emergency  cos t s  i ncu r r ed  by DNAFC 
wil l  be r e imbur sab l e  a s  per  the mutua l  suppor t  document. 

Standard radio  equipment wi l l  be  requ i red  fo r  the  Distad Representa t ive 's  
Office. A rad io  antenna can be accommodated utilizing exist ing poles and 
a luminum poles adjacent  to the rad io  a r e a ,  although antenna w i r e  wil l  be 
required.  The  gene ra to r  for the radio  will b e  housed i n  an  abandoned 
container  which i s  on s i t e .  

UTILITIES / C  OMMUNICATIONS: 

The  only m a j o r  utility requ i red  wi l l  be addit ional  wate r  catchment  
tanks and the digging of 2 su r f ace  wells .  Based on a consumption of 





ca tchment  wa t e r  of 20 gallons pe r  pe r son  per  day and assuming  a max imum 
of 20 days d r y  spe l l ,  eight  5000-gallon wa t e r  tanks  wi l l  be  requ i red .  The 
rubbe r  b ladder  ut i l ized during the Sep tember ,  1974 f ield t r i p  wi l l  be 
main ta ined  a s  r e s e r v e  s to rage .  

The s o l e  e l e c t r i c a l  r equ i r emen t  wi l l  be  a s t anda rd  1. 5-kw gene ra to r  
t o  opera te  the r ad io  which wi l l  be  housed a s  noted above. Al l  o ther  
community lighting and cooking requ i rements  wi l l  be  m e t  through the  use  
of ke ro s  ene l amps  and s toves  . 

Single pit to i le t  fac i l i t ies  (ben jo ' s )  wi l l  be suppl ied  and cons t ruc ted  
f o r  each  family  with s i t ing  done t o  reduce potential  ground w a t e r  contami-  
nation. A garbage  pit wi l l  be dug a s  shown on the a t tached plan. 

TRANSPORTATION: 

Jap tan  Is land wi l l  become a regu la r  T r u s t  'Ter r i to ry  f ie ld  t r i p  stop. 
Se rv i ce  wi l l  be  covered  within the r egu l a r  no r the rn  island run and is  
expected t o  ave r age  one s t op  per  month. 

Use  of the exis t ing weekly "Capitol" flight .will be avai lable  only f o r  
emergency  s e r v i c e ,  admin i s t ra t ive  vis i t s  and t ranspor ta t ion  of l imi ted  
goods to  Ebeye fo r  s a l e .  The l a t t e r  i t em  is sub jec t  to  approva l  by M.A. C. 

I n t e r - a to l l  t r anspor ta t ion  wil l  be by pr ivate  boat, with the poss ible  
exception of a 65 '  boat  now under s tudy  to  be  suppl ied  by the  T. T. P. I. 
I t s  ma in  u se  wi l l  be  on the run  f r o m  Enewetok to Ujelang and a s  i n t r a -  
a to l l  t r anspor ta t ion  of the  l abor  force .  

ECONOMIC DEVELOPMENT: 

The  following s o u r c e s  of income a r e  anticipated fo r  the community.  

1. Di rec t  employment  of Enewetok people by T. T. P. I. /A. E. C. , 
and  poss ibly  DNAFC. 

2. Sel f -employment  and s a l e  of d r i ed  fish.. 

3. Sel f -employment  and  s a l e  of s c r a p  me ta l s .  

Ce r t a in  of the above i t ems  wi l l  r equ i r e  mutua l  cooperat ion between 
Defense Nuclear  Agency, the T r u s t  T e r r i t o r y  of the  Paci f ic  Islands and  
the Atomic Energy  Commiss ion ,  but i t  is  anticipated this  wi l l  c ause  no 
hardsh ips  i n  the per iod p r i o r  t o  ac tua l  cleanup and rehabil i tat ion.  

















Church School and b1i:eting Room 

'To Do: 

Exist ing  s l a b  
-(not  t o  s c a l e )  

Equipment and Furniture Needed: 
1 .  Rcmovc a l l  pcrmancnt f i x tures  

ir;clud i ng s i n k s ,  washer, oven hood, counter, t i - W  IITR, r e e f e r  

2.  F i l l  i n  s p z e  t o  c e i l i n g  above p a r t i t i o n  
i 3. Clean thoroughly and paint a l l  i n t e r i o r  
! 
I 4 .  I n s t a l l  c i s t e r n  and gutter ing  
1 

1 .  Churc:l L 

a .  PIXS (lumber from power housc annes.: 
b .  A l t er  (Medrcn) 

2 .  School 
a .  Dcsk 
b .  C h a i r  
c .  S ~ , c l v c ;  
d .  Storagc lockers 
e .  Desks 









UNIVERSITY OF MINNESOTA Department of~nthrlspotogy 
TWIN CITIES 215 Ford Hall 

Minneapolis, Minnesota 55455 

September 16, 1974 

MEMORANDUM 

TO : Mr. Jack Woolfenden 
Systems Sciences Division 
Holmes and Narver, Inc. 
400 East Orangethrope Avenue 
Anaheim, California 92801 

FROM : Dr. Robert C. Kiste 

SUBJECT: Eniwetok Resettlement Project: Opinions Concerning the Eniwetok 
People's Reactions to ACE'S Conclusion that Northern Islands of 
Eniwetok Atoll May Not Be Resettled 

In our phone conversation of August 22, 1974, you asked me to provide some 

projections/opinions about how the Eniwetok people would react to the news that 

the islands from Bokoluo (A1ice)to Runit (Yvonne) in the northern part of 

Eniwetok Atoll will be denied to them for resettlement--at least for several 

decades. I indicated at the time that I was somewhat reluctant to comment on 

this because there are people such as Tobin who know the situation and are in 

contact with the people. My main reservation stemmed from the fact that my 

main research with the people was conducted 10 years ago and subsequent contacts 

with some of them in 1969 and 1973 were brief. Nonetheless, you indicated an 

interest in my own reactions to the situation. 

After we discussed the matter, the three volumes of the Draft Environmental 

Impact Statement dated September, 1974 arrived. I read it rather carefully to 
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de te rmine  j u s t  what t h e  s i t u a t i o n  i s  and r e r e a d  r e l e v a n t  p o r t i o n s  o f  Volume 1 of  

t h e  Eniwetok A t o l l  Master  P lan .  I t h e n  went back t o  t h e  d a t a  I c o l l e c t e d  on 

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

of t h e  i n h e r i t a n c e  of r i g h t s  t o  t h e  t h r e e  i s l a n d s  which a p p a r e n t l y  w i l l  b e l c a n  

be  r e s e t t l e d :  J a p t a n  (Muti ,  David) ,  Medren ( P a r r y ,  Elmer) and Eniwetok (Fred) .  

Some of t h e  o p i n i o n s  I l i s t  below a r e  based on g e n e r a l  Marsha l l ese  a t t i t u d e s  

toward l a n d  and o t h e r s  a r e  d e r i v e d  from s p e c i f i c  d a t a  I c o l l e c t e d  among t h e  

Eniwetok people .  From t h e  a r t i c l e  t h a t  appeared i n  th,e September 9 ,  1974 i s s u e  

of t h e  Honolulu A d v e r t i s e r ,  I r e a l i z e  t h a t  t h e  Eniweto'k peop le  have a l r e a d y  given 

t h e i r  i n i t i a l  r e sponse  t o  t h e  s i t u a t i o n ,  and I would p r e d i c t  t h a t  i t  was something 

l i k e  t h e  f i r s t  i t e m  below. 

1 )  B r i e f l y  and f i r s t  of  a l l ,  t h e  peop le  o f  t h e  E n j e b i  w i l l  be  g r e a t l y  d i s -  

appo in ted .  And i t  i s  n o t  a  s imple  m a t t e r  of n o t  be ing  a b l e  t o  r e t u r n  t o  what they  

t h i n k  of a s  home. M a r s h a l l e s e  a t t i t u d e s  r e g a r d i n g  l a n d ,  p a r t i c u l a r l y  a n c e s t r a l  

homelands a r e  d i f f i c u l t  f o r  Westerns t o  a p p r e c i a t e .  There i s  a lmost  a  s a c r e d  

q u a l i t y  about  a n  i s l a n d e r ' s  emot iona l  a t t achment  t o  h i s  home atol l - -and more 

s p e c i f i c a l l y - - t h o s e  p a r c e l s  of l a n d  w i t h i n  t h a t  a t o l l  t o  which h e  h a s  r i g h t s .  

While t h e  m a j o r i t y  of t h e  i s l a n d e r s  l i v i n g  today were 'born a f t e r  t h e  1947 

r e l o a c t i o n ,  such a t t i t u d e s  have been i n s t i l l e d  i n  them by t h o s e  who knew Eniwetok 

w e l l .  F u r t h e r ,  t h e r e  i s  t h e  memory t h a t  l i f e  was inde'ed b e t t e r  i n  t h e  p a s t  a t  

Eniwetok; indeed ,  t h i s  was t r u e  i n  f a c t ,  and t h e  peopl,e have tended t o  i d e a l i z e  

t h e  p a s t  and b e l i e v e  t h a t  i t  was a c t u a l l y  a b e t t e r  s t a t e  of a f f a i r s  t h a n  i t  

a c t u a l l y  was. 

2 )  The proposed r e s e t t l e m e n t  of t h e  e n t i r e  p o p u l a t i o n  on J a p t a n  and 

Eniwetok h a s  y e t  o t h e r  p o t e n t i a l  i m p l i c a t i o n s  f o r  t h e  E n j e b i  people .  A u t h o r i t y  

over  l a n d  i s  tantamount t o  r e a l  s o c i a l  and p o l i t i c a l  power. The men and women 
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who were t h e  s e n i o r  members o r  e l d e r s  of exteLded fami.Ly groupings  which h e l d  

r i g h t s  t o  t h e  same l a n d  had v e r y  s u b s t a n t i a l  power and i n f l u e n c e  over  t h e i r  

kinsmen. They were impor tan t  members of t h e i r  soc ie ty - - they  were peop le  who 

counted and were s i g n i f i c a n t  personages  i n  t h e  community's s o c i a l  l i f e .  For t h e  

peop le  of E n j e b i  who would now h o l d  such s o c i a l  p o s i t i o n s ,  t h e  c u r r e n t  s i t u a t i o n - -  

n o t  be ing  r e s e t t l e d  on t h e  l a n d  t o  which they  would p o s s e s s  t r a d i t i o n a l  r igh t s - -  

may reduce t h e i r  s t a t u s  i n  a t o l l  a f f a i r s .  

3)  Rela ted  t o  p o i n t  2 above i s  t h e  f a c t  t h a t  i s l a a d e r s  have a l r e a d y  been 

v e r y  r e l u c t a n t  t o  r e s i d e  on l a n d  t o  which they  have no t r a d i t i o n a l  c la im.  People  

who a r e  on t h e  l a n d  of o t h e r  i s l a n d e r s  have f e l t  i n s e c u r e  and t h r e a t e n e d  because  

t h e i r  s t a t u s  w i t h  r e g a r d  t o  any r i g h t  t o  t h e  l and  i s  v'ery u n c e r t a i n .  The B i k i n i a n s  

have had such  an  e x p e r i e n c e  on J a l u i t  A t o l l  when a n  a t t e m p t  was made t o  e s t a b l i s h  

a  colony of B i k i n i a n s  from K i l i  on J a l u i t - - t h i s  i s  covl2red i n  my book which you 

know about  and t h e  r e l e v a n t  s e c t i o n s  a r e  i n d i c a t e d  i n  t h e  index .  The B i k i n i  

c a s e  d i f f e r s  from t h e  c u r r e n t  one i n  t h a t  t h e  peop les  involved came from s e p a r a t e  

a t o l l s  and n o t  t h e  same one. N e v e r t h e l e s s ,  t h e  same k i n d  of s e n t i m e n t s  abou t  n o t  

t r a n s g r e s s i n g  on t h e  l a n d  of o t h e r s  can and o f t e n  is  m a n i f e s t  i n  t h e  same a t o l l  

p o p u l a t i o n .  So, I would a n t i c i p a t e  some p o t e n t i a l  problems a long  t h i s  l i n e .  Th i s  

i s s u e  h a s  i n  f a c t  a l r e a d y  come up--see W. C a r l e t o n  Haw.pels " S t a t u s  Report  on 

Ujelang--Eniwetok Survey T r i p ,  July-August 1973" d a t e d  August 17 ,  1973 i n  Eniwetok 

Master  P l a n ,  Volume 2 ,  pages  7-8. I n  t h e  c a s e  Hawpe c i t e s ,  some of t h e  peop le  of 

t h e  Eniwetok community f e l t  i n s e c u r e  abou t  t h e i r  r i g h t  t o  r e s i d e  on Medren ( P a r r y )  

when i t  was proposed t h a t  a l l  t h e  Eniwetok I s l a n d  be  s e t t l e d  on Medren. Not a l l  

members of t h e  Eniwetok community possessed r i g h t s  on Medren even though t h a t  

i s l a n d  was w i t h i n  t h e  domain of t h e  Eniwetok I s l a n d  c h i e f .  The s i t u a t i o n  would 

be even worse i f  t h e  E n j e b i  community were t o  be  s e t t l e d  on Medren. A s  no ted  





below, some of them possessed  r i g h t s  t o  Medren--but f a r  from a l l  of  them d i d  and 

Medren i s n ' t  w i t h i n  t h e  E n j e b i  c h i e f s  domain. I n  s h o r r ,  i t  i s  v e r y  p robab le  

t h a t  many E n j e b i  peop le  would n o t  a t  a l l  be p l e a s e d  w i t h  t h e  p r o s p e c t  of s e t t l i n g  

on Medren f o r  a l l  t h e  r e a s o n s  i n d i c a t e d .  

4 )  A s  f o r  t h e  q u e s t i o n :  Who a c t u a l l y  h a s  r i g h t s  t o  Medren? This  i s  an  

ex t remely  complex q u e s t i o n  f o r  a  v a r i e t y  of r e a s o n s .  The i s l a n d  was a t  one t ime 

h e l d  by two b r o t h e r s  who were b o t h  c h i e f s  of t h e  Eniwetok I s l a n d  community ( t h e  

younger b r o t h e r  succeeded h i s  e l d e r  b r o t h e r  upon t h e  l a t t e r ' s  d e a t h ) .  The two 

b r o t h e r s  d i e d  d u r i n g  t h e  German c o l o n i a l  e r a  (1885-1914)--probably e a r l y  i n  t h a t  

era--and t h e y  d i v i d e d  t h e  l a n d  among some of t h e i r  numerous c h i l d r e n .  The i s l a n d  

was n o t  developed a t  t h e  t ime ,  and t h e  c h i l d r e n  of t h e  two c h i e f s  more o r  l e s s  

l o s t  c o n t r o l  of t h e  i s l a n d  e a r l y  i n  t h e  Japanese  p e r i o d  which began i n  1914. 

A Japanese  t r a d e r  e s t a b l i s h e d  h imse l f  on t h e  a t o l l  ( a  f a c t  r e p o r t e d  by Tobin 

and which a p p e a r s  someplace i n  t h e  Master  P l a n  o r  DEIS), and h e  p l a n t e d  Medren 

i n  coconuts  f o r  t h e  copra  t r a d e .  Apparen t ly ,  t h e  t r a d e r  l e d  t h e  i s l a n d e r s  t o  

b e l i e v e  t h a t  h e  had f u l l  r i g h t  t o  t h e  copra  (claimed h e  was backed by t h e  Japanese  

c o l o n i a l  government).  So, t h e  i s l a n d e r s  d i d  n o t  a c t u a l l y  e x p l o i t  t h e  i s l a n d ' s  

r e s o u r c e s  from some p o i n t  i n  t i m e  beg inn ing  abou t  t h e  1 9 2 0 ' s  u n t i l  t h e i r  r e l o c a t i o n  

i n  1947. S i n c e  t h e  i s l a n d e r s  had l o s t  c o n t r o l  of t h e  i s l a n d ,  t h e  normal p r o c e s s e s  

which would have occurred-- i .e . ,  peop le  working t h e  l a n d ,  b e i n g  a l l o c a t e d  r i g h t s  

t o  t h e  land--did n o t  o c c u r .  When I s a y  "being a l l o c a t e d  r i g h t s  t o  t h e  l a n d , "  

I am making r e f e r e n c e  t o  t h e  f a c t  t h a t ,  i n  c o n t r a s t  t o  t h e  m a t r i l i n e a l  l a n d  t e n u r e  

sys tem which p r e v a i l e d  i n  t h e  rest of t h e  M a r s h a l l s ,  t h e  l a n d  t e n u r e  sys tem a t  

Eniwetok A t o l l  was b i l a t e r a l .  What t h i s  means, and a s  I no ted  i n  my August 30, 1973 

memo t o  S t a n  Kaplan ( s e e  Eniwetok A t o l l  Master P l a n ,  Volume 2 )  is:  " I n  most 

c a s e s ,  a  m a r r i e d  c o u p l e  d i v i d e d  t h e  l a n d  t h e y  had each i n h e r i t e d  among t h e i r  
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c h i l d r e n ,  and a  c h i l d  u s u a l l y  r e c e i v e d  some l a n d  from E~oth h i s  f a t h e r  and mother.  

A s  younger i s l a n d e r s  matured,  they  worked t h e  l a n d  w i t h  t h e i r  p a r e n t s .  A s  t h e  

p a r e n t a l  g e n e r a t i o n  d i e d  and a s  members o f  t h e  n e x t  g e n e r a t i o n  mar r ied  and produced 

c h i l d r e n ,  t h e  p r o c e s s  was r e p e a t e d  w i t h  p a r e n t s  a l1ocat : ing l a n d  among t h e i r  o f f -  

s p r i n g . "  The p o i n t  i s ,  a l l  of  t h e s e  p r o c e s s e s  of d i v i d i n g  and a l l o c a t i n g  l a n d  

t o  younger g e n e r a t i o n s  d i d  n o t  a c t u a l l y  occur  because  o f  t h e  t r a d e r ' s  i n t e r -  

v e n t i o n .  Today, any i s l a n d e r  who i s  descended from t h e  c h i l d r e n  of t h e  two 

c h i e f s  could  c l a i m  some r i g h t  t o  Medren. To comp1icat:e i s s u e s  even more, a  good 

number of t h e  c h i l d r e n  of t h e  two c h i e f s  were females  who produced a  g r e a t  number 

of c h i l d r e n .  The g r a n d c h i l d r e n  and g r e a t - g r a n d c h i l d r e n  o f  t h o s e  females  a r e  a l i v e  

today and can make some c l a i m  t o  Medren. Among t h e s e  i n d i v i d u a l s  a r e  members 

of b o t h  t h e  E n j e b i  and Eniwetok communities. Obviously,  t h e  s i t u a t i o n  on r i g h t s  

t o  Medren i s  exceed ing ly  complex. The f a c t  t h a t  t h e  i s l a n d  was d i v i d e d  i n t o  a  

number of wato makes i t  even more complicated-- i t  i s n ' t  j u s t  a  m a t t e r  of who h a s ,  

o r  can c la im,  some r i g h t  t o  t h e  i s l a n d - - i t  i s  a  m a t t e r  of c la ims  t o  p a r t i c u l a r  

p a r c e l s  of t h e  i s l a n d .  Some l i v i n g  i n d i v i d u a l s  w i l l  now have c l a i m  t o  more t h a n  

one of t h e  wato because  t h e y  can  now t r a c e  d e s c e n t  from more t h a n  one of t h e  

c h i l d r e n  of t h e  two c h i e f s .  

5 )  There a r e  a l s o  some problems w i t h  r e g a r d  t o  J a p t a n .  I r e c e i v e d  con- 

f l i c t i n g  a c c o u n t s  as t o  how r i g h t s  t o  t h e  i s l a n d  were i n h e r i t e d .  One account  

i n d i c a t e d  t h a t  t h e  i s l a n d  was i n h e r i t e d  by t h e  E n j e b i  c h i e f  and some of h i s  

r e l a t i v e s .  The o t h e r  account  i n d i c a t e d  t h a t  t h e  i s l a n d  was i n h e r i t e d  by t h e  

Eniwetok c h i e f s  and h i s  r e l a t i v e s .  The i s s u e / c o n f l i c t  was n o t  r e s o l v e d  p r i o r  t o  

t h e  p e o p l e ' s  r e l o c a t i o n  i n  1947 because  t h e  same Japanese  t r a d e r  mentioned above 

had t u r n e d  t h e  i s l a n d  i n t o  a  copra  p l a n t a t i o n  f o r  h i s  own i l l e g a l  p r o f i t  and t h e  

i s l a n d e r s  were n o t  a c t u a l l y  working t h e  l a n d  themselves .  I f  my i n f o r m a t i o n  i s  
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c o r r e c t  and i f  I unders tand  t h e  s i t u a t i o n  c o r r e c t l y ,  I t h i n k  t h e r e  could  b e  a  

s i z a b l e  h a s s l e  about  who h a s  r i g h t s  t o  what on J a p t a n .  

6 )  With r e g a r d  t o  Eniwetok, I t h i n k  t h e  i s l a n d  r e p r e s e n t s  a  problem t h a t  

w i l l  be  g e n e r a l  t o  t h e  i s s u e  of l and  r i g h t s  t h a t  w i l l  a r i s e  a s  r e s e t t l e m e n t  

occurs .  A s  you know, t h e  i s l a n d  i s  d i v i d e d  i n t o  a  f a i r l y  l a r g e  number of wato.  

C e r t a i n  ones such a s  Kabnene on t h e  wes t  i s  covered w i t h  t h e  a i r p l a n e  hanger  and 

I f o r g e t  what e l s e .  A t  t h e  e a s t  end,  t h e  wato Jabinbok (Jabonbok) i s  t h e  s i t e  

of t h e  Coast  Guard S t a t i o n  ( s e e  Master P l a n ,  P l a t e  N o .  21) .  A s  peop le  a r e  

r e s e t t l e d  and i f  Eniwetok I s l a n d  becomes a r e s i d e n t i a l .  i s l a n d ,  t h o s e  who have 

r i g h t s  t o  wato which a r e  covered w i t h  c o n c r e t e ,  b u i l d i n g s ,  o r  o t h e r  t h i n g s ,  w i l l  

w a n t , i n  f a c t  demand, t h a t  some r e a l l o c a t i o n  of l a n d  oc:cur. Others  who have l a n d  

t h a t  i s  r e l a t i v e l y  f r e e  from such l i a b i l i t i e s  w i l l  oppose such a  p r o p o s a l .  

Th i s  i s  a g e n e r a l  problem f o r  t h e  e n t i r e  a t o l l .  People  who have l o s t  

l a n d ,  e i t h e r  because  l a n d  h a s  been des t royed  ( a s  i n  t h e  c a s e  of t h e  two i s l a n d s  

which were b l a s t e d  o u t  o f  e x i s t e n c e ) ,  o r  t h e  l a n d  whic:h cannot  b e  used because  of 

r a d i a t i o n  dangers  ( a s  i n  t h e  c a s e  of R u n i t ) ,  w i l l  want t o  have some r e d i s t r i b u t i o n  

of l a n d  occur .  Those who l o s t  w i l l  d e s i r e  r e d i s t r i b u t : i o n ;  t h o s e  who have l o s t  

n o t h i n g  o r  l i t t l e  w i l l  r e s i s t .  

T h i s  a l s o  i s  r e f l e c t e d  i n  Hawpe's r e p o r t  t o  Gilmore. Look a t  page 3 of t h e  

r e p o r t .  Hawpe r e p o r t s  t h a t  t h e r e  was a n  argument which caused a  s p l i t  ". . . 
between t h e  reformers-- those  wish ing  a  new l a n d  reappor t ionment ,  and t h e  t r a d i -  

t i o n a l i s t s  who backed t h e  s t a t u s  quo." 

8) I n  Volume 1 of t h e  DEIS, i t  is  noted t h a t  t h e r e  i s  ' I .  . . a demise of 

t r a d i t i o n a l  system" and some i n d i c a t i o n  t h a t  ' I .  . . t h e  o l d  d i v i s i o n  between 

E n j e b i  and Eniwetok peop les  h a s  l o s t  much of i t s  meaning." ( s e c t i o n  3, page 51) .  

Th i s  is  from t h e  memo I w r o t e  f o r  Kaplan and h a s  been  t r u e  on Ujelang because  
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t h e  peop le  have been r e s i d i n g  on t h e  same i s l a n d  and have formed a  common c o u n c i l .  

I would n o t  be a t  a l l  s u r p r i s e d  i f  h a s s l e s  over  l a n d  a t  Eniwetok A t o l l  today w i l l  

l e a d  t o  some d i v i s i o n s  of t h e  p o p u l a t i o n ,  and one p o t e n t i a l  l i n e  o f  d i v i s i o n  may 

be based on t h e  t r a d i t i o n a l  s p l i t  of t h e  p o p u l a t i o n  between t h e  two communities 

a s  t h e  members of each emerge a s  s e p a r a t e  i n t e r e s t  groups w i t h  r e g a r d  t o  l a n d .  

9 )  Obviously ,  I am s u g g e s t i n g  t h a t  t h e r e  w i l l  be  some h a s s l e s  o v e r  land 

r i g h t s .  A t  t h e  same t ime,  I am r a t h e r  c e r t a i n  t h a t  i t  i s  an  a r e a  t h a t  o u t s i d e r s  

shou ld  n o t  g e t  invo lved  i n .  The B r i t i s h  c o l o n i a l  government i n  t h e  G i l b e r t  and 

E l l i c e  I s l a n d  Crown Colony a t t empted  t o  s u r v e y ,  mark, and r e g i s t e r  l a n d  p a r c e l s  

i n  t h e  a t o l l s  of t h e  G i l b e r t s .  It appeared t o  a d m i n i s t r a t o r s  t o  be a  r e l a t i v e l y  

s i m p l e  a f f a i r .  I n  c o n t r a s t ,  i t  took 50 y e a r s  of c o u r t  c a s e s  over  d i s p u t e d  l a n d  

r i g h t s ,  l a n d  boundar ies ,  e t c .  The r e c e n t  a t t e m p t  t o  do something s i m i l a r  f o r  t h e  

e n t i r e  M a r s h a l l s  h a s  been abandoned as f a r  a s  I know. 

The b u s i n e s s  of l a n d  and r i g h t s  t o  i t  i s  something t h a t  i s  b e s t  l e f t  f o r  t h e  

peop le  t o  work o u t  f o r  themselves ,  a s  p a i n f u l  a s  t h e  p r o c e s s  might be .  My own 

d i s c u s s i o n s  w i t h  peop le  about  l a n d  r i g h t s  and t h e  h i s t o r i e s  of l a n d  p a r c e l s  always 

b rought  up and r e k i n d l e d  o l d  d i s p u t e s  a s  t h e  above mentioned c a s e  of J a p t a n  may 

s u g g e s t  . 
A s  a  p r a c t i c a l  consequence f o r  t h e  r e h a b i l i t a t i o n  program, d i sagreements  

over  l a n d  among t h e  Eniwetok peop le  cou ld  r e s u l t  i n  d e l a y s  i n  p lann ing  o r  

implementat ion of a  f a c e t  o f  t h e  program, But,  i n  t h e  las t  a n a l y s i s ,  I b e l i e v e  

t h a t  t h e  b e s t  c o u r s e  of a c t i o n  i s  t o  s p e l l  o u t  i n  d e t a i l  what can i n  f a c t  be  done 

i n  t h e  way of r e h a b i l i t a t i o n ,  d e s c r i b e  t h e  i m p l i c a t i o n s ,  and t h e n  l e t  them d e c i d e  

what t h e y ' l l  do abou t  l a n d  r i g h t s .  The b e s t  way t o  g e n e r a t e  some an imos i ty  would 

be  f o r  a n  o u t s i d e r  t o  g e t  invo lved  i n  t h e i r  l and  a f f a i r s .  





10)  For many of t h e  r e a s o n s  o u t l i n e d  above,  I doubt  t h a t  t h e  Eniwetok I s l a n d  

community would e v e r  be  w i l l i n g  t o  g i v e  up Eniwetok I s l a n d  f o r  t h e  c o l l e c t i v e  

ownership of t h e  e n t i r e  a t o l l  p o p u l a t i o n  f o r  t h e  purpose  of e s t a b l i s h i n g  t h e  

Eniwetok Corporation--or whatever  i t  i s  o r  may be  ca l l ed .  

11) I have p r e v i o u s l y  s t r e s s e d  t h a t  i n  l i g h t  of t h e  i n c r e a s e d  s i z e  of t h e  

t o t a l  p o p u l a t i o n ,  t h e  m a t t e r  of a l lowing  t h e  peop le  t o  keep Uje lang  a s  w e l l  a s  

having Eniwetok r e t u r n e d  t o  them should be  s e r i o u s l y  exp lored .  Cons ider ing  t h e  

f a c t  t h a t  s o  much of Eniwetok i s  now n o t  a v a i l a b l e  t o  t h e  peop le ,  i t  seems a l l  

t h e  more impor tan t  t o  e x p l o r e  t h i s  p o s s i b i l i t y .  Such a  move would probably  

cush ion  t h e  impact of t h e  l o s s  of t h e  n o r t h e r n  p o r t i o n  of t h e  a t o l l .  

The above a r e  my r e a c t i o n s .  I w i l l  c e r t a i n l y  b e  i n t e r e s t e d  i n  f o l l o w i n g  t h e  

c o u r s e  of e v e n t s .  Aside  from l a n d ,  an  i t e m  t h a t  shou ld  be  c o n s i d e r e d :  What w i l l  

t h e  e x t e n s i v e  u s e  of ou thouses  do t o  t h e  f r e s h  w a t e r  l e n s  o f  each of t h e  i n h a b i t e d  

i s l a n d s ?  

I hope t h e  above i s  of some u s e  and o u t l i n e s  t h e  b a s i c  problems and i s s u e s  

t h a t  a r e  p o t e n t i a l l y  invo lved .  
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1 .  INTRODUCTION 

This  study h a s  been pe r fo rmed  fo r  the purposes  of determining the 
m a t e r i a l  and equipment r equ i r emen t s  fo r  was te  wa te r  t r e a tmen t  and 
d i sposa l  and a l s o  for  compar ing the cos t s  of the s e v e r a l  methods  of was te  
wa t e r  d isposal .  Since Enewetak Atoll  was  act ivated a s  a nuc lea r  t e s t  s i t e  
28 y e a r s  ago t h e r e  h a s  been no was te  wa t e r  t r e a tmen t  ins ta l led .  Sewage 
effluents have been  pumped into the lagoon o r  ocean through outfal ls  
located away f r o m  the sho re .  This  i s  cur ren t ly  th.e p r ac t i c e  on the one 
occupied is land,  Enewetak.  This  study invest igates  methods of t rea t ing 
was te  wa te r  through the var ious  phases  of cleanup,  rehabil i tat ion and 
r e se t t l emen t  of the a tol l .  

The was te  wa t e r  d i sposa l  methods compared.  a r e :  

C a s e  1 .  400-man camp,  Enewetak Island.  - 

a. Rehabil i tat ion of exist ing s .ewers,  lift  s ta t ions  
and lagoon outfal ls .  (No t rea tment ) .  

b .  Rehabil i tat ion of exist ing s e w e r s ,  ins ta l la t ion of 
five new l if t  s ta t ions  and 60,  000 gpd sewage t r e a t -  
ment  plant. 

Case  2 .  T e m p o r a r y  q u a r t e r s ,  Japtan 1s:land. 

a .  Rehabil i tat ion of exist ing c:ollection s y s  t e m  and 
out fal l .  

b.  Instal lat ion of 17,  500 gpd sewage t r e a tmen t  and 
collect ion sys tem.  

C a s e  3 .  P e r m a n e n t  housing, Enewetak Is land.  

a .  Connection to  sewage t r e a tmen t  s y s t e m  (Case  l b )  
if ins ta l led  fo r  400-man camp.  

b.  Instal lat ion of sept ic  tank s y s t e m s  fo r  housing 
c l u s t e r s .  

C a s e  4. P e r m a n e n t  housing, Medren Is land.  

a .  Instal lat ion of new sept ic  tank sy s t ems  for  housing 
c l u s t e r s .  

b .  Connection to 17, 500 gpd sewage t r e a tmen t  plant 
(Case  2b) re located f r o m  3-aptan t empora ry  camp .  

C a s e  5. P e r m a n e n t  housing, Japtan Island. - 

a .  Instal lat ion of new sept ic  tank s y s t e m  for  housing 
c l u s t e r s .  



2. 400-MAN CAMP, ENEWETAKISLAND (CASE 1)  

2 . 1  WASTE WATER ANALYSIS 

F r e s h  wate r  use  - cooking, bathing, laundry = 70 gpcd 

Salt wa t e r  use  - flushing = 30 gpcd 

Tota l  = 100 gpcd 

(gpcd = gallons per  capi ta  pe r  day) 

Chlor ides  f r o m  30% sa l t  wa te r  = 18,  000 x . 3 0  = 5,400 ppm 

This  concentra t ion wil l  r e q u i r e  a t  l e a s t  a  50 to 75 percen t  l a r g e r  "extended 
ae ra t ion"  plant than a plant using only f r e s h  wa t e r .  I 
2 . 2  REHABILITATE EXISTING SANITARY SEWER SYSTEM - ENEWETAK 

ISLAND (CASE l a )  

This  plan would include the complete  rehabil i tat ion of the existing 
s an i t a ry  sewer  s y s t e m  on Enewetak Island.  The presen t  instal lat ion is  a 

collect ion s y s t e m  which deposi ts  untreated effluent into the lagoon f r o m  
seven outfal ls ,  and into the ocean f r o m  one outfall located in the vicinity 
of the a i r f i e ld .  

This  plan would involve the following: 

a .  Inspection and cleaning of 120 1 .  f .  c a s t  i r on  pipe. 

b. Inspection and cleaning of 390 1 .  f .  s t e e l  f o r ce  main .  

c .  Inspection and cleaning of 12, 600 1 .  f. vi tr if ied c lay pipe, 
4", 6" and 8" d i a m e t e r s .  

d .  Inspection and r e p a i r  of 32 san i ta ry  manholes .  

e .  Inspection,  r e p a i r  and rep lacement  of 8 outfall l ines .  

f .  Rep lacement  of two duplex sewage l if t  pumps.  

(The  foregoing scope f r o m  "Engineering Study fo r  a Cleanup Plan"  
HN-1348.1.  ) 

Es t ima t ed  peak flow f r o m  400-man camp ,  using a peak flow factor  
of 5: 

40,000 
400 x 100 gpcd = 

960 
= 42 gpm x 5 = 210 gpm (for 16 hou r s /day ) .  

I 
This  flow r a t e  would be within the capabi l i t ies  of the p r e sen t  sy s t em a f te r  I 
proper  rehabil i tat ion.  



2 . 3  SEWAGE TREATMENT PLANT (CASE Ibl 

2 .3 .  1 Size of P lan t  

The  sewage t r e a tmen t  plant would provide p r i m a r y  and secondary 
t r e a tmen t  and chlorination before  dumping the effluent into the lagoon. 

400 pe r sons  @ 100 gpd = 40,000 gpd (gallons per  day) 

40, 000 gallon plant @ 150 percent* = 60 ,000  gpd 

* F o r  effluent reduction of BOD of 85 to 90 percen t .  

Since the ch lo r ides  a r e  sl ightly over  5, 000 ppm in l ieu of 7, 000 ppm,  
the 60, 000 gpd plant should provide an  effluent with a BOD and suspended 
solid reduction of 85 to  90 percent .  Chlorination of th is  effluent with a 
dosage of 25 ppm will  provide a safe  was te  wa t e r  d i scharge  into the lagoon. 
A 60,000 gpd unit wi l l  r equ i re  approximately 10 hp fo r  operation.  

Lift Stat ions 

I t  wil l  be n e c e s s a r y  to rehabi l i ta te  the exis t ing collect ion s y s t e m  to 
t r an spo r t  the sewage f r o m  i t s  sou rce s  to the t r e a tmen t  plant. Rehabil i tat ion 
wil l  begin a t  the Coas t  Guard Station N 35875 E 124080 a t  the nor th  end of 
the is land and five new lift  s ta t ions  wil l  be r equ i r ed  a t  the exist ing lagoon 
outfal ls .  The new t r ea tmen t  plant wi l l  be located south of the main  c a m p  
a r e a ,  approximately  a t  coordinates  N 32700 E 121:350 ( s e e  Drawing G- 1).  
The plant  wi l l  r equ i r e  a new outfall f r o m  the s i t e  to the lagoon. 

2. 3. 2. 1 Lift  Station and P u m p  Computations.  T h e  new lift  s ta t ion 
c h a r a c t e r i s t i c s  and pump r equ i r emen t s  a r e  l i s t ed  in Table  G-1. These  
values w e r e  de te rmined  by means  of the following calcula t ions ,  using Lif t  
Station 1 a s  an  example .  

Data: Peak  flow = 150 gpm 
Length of fo rce  main  = 1 ,950  ft 
Stat ic head requ i rement  = 8 ft 
Head l o s s  coefficient ,  C = 130 
F r i c t i on  head l o s s ,  h = 16. 2 f t /1000 ft 

f 

Calculat ions:  

.Total f r ic t ion head l o s s  = 

Static head = 8. 0 f t  

Tota l  hea.d = 39. 6 f t  



The pump selected for  th i s  applicat ion would be  ab le  to r a i s e  150 gpm 
through 41 ft,  using a 3-hp mo to r .  The pumps a r e  duplex pumps,  instal led 
in p a i r s ,  one of which i s  kept inoperat ive  a s  a s p a r e .  

2 . 4  ESTIMATED COSTS - 400-MAN CAMP, ENEWETAK 

2 .4 .  1 Rehabil i tate exist ing s e w e r s ,  2 new lift  s ta t ions  
and outfal ls  (no t r e a tmen t ) .  (No e lec t r i c i ty  incl 'd)  $ 70, 000.00 

2 .4 .  2 Rehabil i tate exist ing s e w e r s  (including Coas t  Cuard 
l i f t  s ta t ion) ,  ins ta l l  five new lift s t a t ions ,  f o r ce  
ma ins  and sewage t r e a tmen t  plant. (No e lec t r i c i ty  
incl 'd)  $223, 950.00 

3. TEMPORARY HABITATION DURING EARLY RETURN AND CLEANUP 
PROGRAMS, JAPTAN ISLAND (CASE 2) 

3 . 1  BASIC DATA 

Population approx imate ly  100 pe r sons  @ 100 gpd = 10, 000 gal lons .  
I nc r ea se  due to use  of b r ack i sh  wa t e r  = 7 5  percen t .  (Dwg. No. G-2 )  

3 . 2  REHABILITATE EXISTING SANITARY DISPOSAL SYSTEM - 
JAPTAN ISLAND (CASE 2a) 

This  operat ion would cons i s t  of the rehabil i tat ion of the exist ing 
d i sposa l  s y s t e m  on Japtan Island.  The  p r e sen t  instal lat ion i s  a  collect ion 
s y s t e m  (capable  of se rv ing  approx imate ly  500 inhabitants)  which depos i t s  
untreated effluent into the lagoon. It would include the inspection,  cleaning 
and r e p a i r  of the exis t ing fac i l i t i e s  with the approx imate  cos t  of $11, 000.00.  

3 . 3  TREATMENT PLANT (CASE 2b) 

3. 3. 1 Size of P lan t  

17, 500 gpd 
5 h p  r equ i r ed  fo r  plant operat ion.  

3. 3 . 2  Lift Stat ions 

P lan t  wi l l  r equ i r e  one lift  s tat ion and a collect ion s y s t e m .  The 
collect ion s y s t e m  wil l  cons i s t  of 1 , 050  ft of 8 "  PVC pipe and t h r e e  
manholes .  



T A B L E  G-1:  NEW L I F T  STATION CHARACTERISTICS AND PUMP REQUIREMENTS - 

Note:  C o a s t  G u a r d  L i f t  Stat ion i s  e x i s t i n g  b u t  should b e  r e h a b i l i t a t e d  m a k i n g  to t a l  to b e  ( 6 ) .  



Lift  Station = 
10 ,000  

= 1 3 . 5  gpm 
7 50 

Peak  load = 13. 5 x 5 = 67 gpm 
Use 80 gpm each,  duplex pumps with 

1150 r p m  
3 14 h p  each  
18 .7 '  head 

Equipment and m a t e r i a l s  - 

300'-4" PVC fo r ce  main  
1050 ' -8"  PVC pipe 
3 - manholes  
1 - duplex l if t  s ta t ion 

3 . 4  ESTIMATED COSTS - TEMPORARY HABITATION, JAPTAN 

3 . 4 .  1 Rehabil i tate exist ing san i ta ry  faci l i t ies  $ 11 ,000 .00  

3 . 4 . 2  Ins ta l l  new collect ion s y s t e m ,  manholes ,  
lift  s ta t ion and t r e a tmen t  plant 
(No e lec t r i c i ty  incl 'd)  

4. PERMANENT HOUSING, ENEWETAK ISLAND (CASE 3) 

4 . 1  HOUSING CONNECTED TO SEWAGE TEATMENT PLANT REMAINING 
FROM CLEANUP OPERATION (CASE 3a) 

4 . 1 . 1  Sewage T r e a t m e n t  P lan t  

The sewage t r e a tmen t  plant ins ta l led  fo r  the 400-man c a m p  i s  m o r e  
than adequate  f o r  the demand that would b e  contributed by the  permanent  
r e s i den t s .  

400-man c a m p  t r ea tmen t  plant = 40,000 gpd 
Housing demand - 66 homes  @ 41house = 264 pe r sons  

264 x 80 gpcd = 21, 120 gpd 
Size of T rea tmen t  P lan t  = 60, 000 gpd (@ 15070 - s e e  pa r a .  2. 3. 1) 

Th i s  low demand on the 60, 000 gallons (@ 5070) plant wil l  produce 
a n  excellent  eff luent  provided that the plant i s  p roper ly  opera ted  and 
maintained.  



Collection Sys t e m  

The collect ion s y s t e m  f r o m  the housing c l u s t e r s  wi l l  r equ i re  the 
instal lat ion of 8 ' '  PVC pipe with manholes  eve ry  300 f t  on cen t e r .  The 
s ewer  line s lope would be approximately  0. 4%. Lift  s ta t ions  wil l  be 
requ i red  a t  approximately  1200-ft in te rva l s  e ach  with 300 f t  of f o r ce  main .  
(Dwg. G - 3 )  

4 . 1 .  3 Lift Station Requi rements  (beginning a t  the South End of the Island) 

Kabnene Wato t o  Mwil l imor  Wato 

21 h o m e s  @ 4 persons = 84 x 80 = 6 7 2 0  gpd 

6720 
- 9. 3 gpm x 5 = 46. 5 gpm peak 12 hour  ba se  - - 

7 2 0 

Lift Station No. 1 

300 ft .  fo rce  main  @ 2.  5' / lo00  = 0 . 7 5 '  
Stat ic head = 9 . 0 '  

Use  1 0 . 0 '  

Duplex pump 40 gpm 

1150 r p m  
112 hp  motor  
Head = 1 1 . 1  ft 

Sewer  l ine = 1200'  of 8" P V C  and 4 manholes  

1 l i f t  s ta t ion 300'-4" PVC fo r ce  main  

The c h a r a c t e r i s t i c s  and pump r equ i r emen t s  of the o ther  l ine 
sect ions  a r e  shown in Table  G-2. 

SEPTIC TANKS AND LEACH FIELDS (CASE 3b) 

4 . 2 . 1  Requi rements  

F r e s h  wa t e r ,  bathing and cooling = 60 gpcd 
B r a c k i s h  wate r  flushing = 20 gpcd 
Tota l  contribution = 80 gpcd 



TABLE G-2: L I F T  STATION CHARACTERISTICS AND P U M P  REQUIREMENTS 
FOR PERMANENT HOUSING ON ENEWETAK ISLAND, (CASE 3a) 

Line  
Segment 

ft 

300 ' -4"  
1200 ' -8"  
4  manholes 

300' -4" 
1200 ' -8"  
4  manholes 

300'-4" 
1200 ' -8"  
4  manholes 

300 ' -4"  
1200 ' -8"  
4  manholes 

400 ' -4"  
1200 ' -8"  
4  manholes 

150'  -4" 
1200 ' -8"  
4  manholes 

f 

P e a k  
Flow 

gPm 

47 

15.  5 

24 .6  

38 

9 

13.  5  

Homes  
in 

Section 

2  1  

7  

11 

17 

4  

4 

Lift  
Station 

No. 

1  

2  

3 

4  

5  

6  

I 

Head 
ft 

1 1 . 1  

1 1 . 1  

1 1 . 1  

1 2 . 9  

19.  8 

2  1  

Wato s 

Kabnene 
to 

Mw illi m a  r 

L a r e j  
to 

B ukinam 

Kabinbet 
to  

Mokoni 

Los i t ak  
to 

T  uon 

Mwonj ini  
to 

Loksba r  

Kilorok 
to 

L i s imlok  

C h a r a c t e r i s t i c s  
H o r s e -  
power 

112 

112 

112 

112 

3 /4  

3 14 

Capacity 

gPm 

40 

4  0  

40 

6 0  

60 

4  0  

P u m p  
Speed 

r P m  

11 50 

11 50 

11 50 

1150 

1  150 

11  50 



Septic Tank 

2 4 h r  re tent ion t 75y0 i n c r e a s e  for  b r ack i sh  wate r  + 25y0 sludge 
Storage = 1000/o i n c r e a s e  fo r  design purposes .  

Single house  - 4 pe r sons  @ 80 gpd = 320 gpd 

320 + (100y0 x 320) = 640 gpd 

(See Table  G-3 Housing Clus te r  f o r  2, 3 ,  4 &: 5 houses)  

The  placement  of the sept ic  tanks and the f1o.w of wa t e r  is  i l lus t ra ted  
in Sketch A. 

4 . 3  ESTIMATED COSTS - PERMANENT HOUSING, ENEWETAK 

4 .  3 .  1 Housing connected to exist ing t rea tment  plant 
ins ta l la t ion of 6 lift  s ta t ions ,  fo rce  ma ins  and 
collect ion s e w e r s  and manholes  (Case  3a) 
(No e lec t r i c i ty  incl 'd)  $161,197.00 

4 .  3. 2 Instal lat ion of sept ic  tanks and l each  f ie lds  for  
housing c l u s t e r s  ( C a s e  3b) $ 62, 857.00 

5. PERMANENT HOUSING, MEDREN ISLAND (CASE 4) 

Due to the long per iod of d i su se  and the de t e r i o r a t ed  condition of 
the exist ing collect ion and outfall s y s t e m  on Medren,  no a t t empt  i s  made  
in this  study to  e s t ima t e  rehabil i tat ion of the sy s t em.  

5 . 1  SEPTIC TANKS AND LEACH FIELDS (CASE 1 Z a )  

5. 1 . 1  Requi rements  

F r e s h  wa t e r  bathing & cooking = 60 gpcd 
Brack i sh  wate r  flushing = 20 gpcd 

Tota l  = 80 gpcd 

Septic tank 

24-hour re tent ion + 75% i n c r e a s e  fo r  b r ack i sh  wate r  
+ 25% sludge s t o r age  o r  100yo i n c r e a s e  



T A B L E  G-3 :  LEACH F I E L D S  AND LINES REQUIRED FOR 
P E R M A N E N T  HOUSING ON ENEWETAK ISLAND - CASE 3 b  

*F ine  s a n d  and  c o r a l  - 4 g a l / s q .  f t .  = da i ly  a b s o r p t i o n  c a p a c i t y .  

:: +4 s q .  f t .  = l e a c h  a r e a  p e r  foot  of p ipe .  L e a c h  l i n e  d i a m e t e r  = 4 in .  

E s t i m a t e d  
C o s t  p e r  
C l u s t e r  

$ 

12 50 

1670  

3  0  3  0  

3450 

4 6 2 0  
b 

L e a c h  
Line*::: 
L e n g t h  

R e q u i r e d  
f t .  

20 

4 0  

60  

8 0  

1 0 0  

L e a c h  
F ie ld*  
A r e a  

R e q u i r e d  
s q .  f t .  

8 0  

16 0  

240  

320  

4 0 0  

I' 

H o u s e s  
P e r  

G r o u p  

1  

2  

3  

4 

5 I 

W a s t e  
W a t e r /  
G r o u p  

gpd 

320  

640  

96 0  

12 8  0  

1 6 0 0  

Sep t i c  T a n k  
, 

Leng th  
f t .  - in .  

8 - 3  

1 1 - 0  

1 4 - 6  

1 7 - 3  

2 2 - 2  

Width  
f t .  - in .  

3 - 0  

4 - 0  

4 - 6  

5 - 0  

5 - 0  
A 

Depth  
f t .  - in .  

3  -6  

4  

4 

4  

4  



SKETCH A - S E P T I C  SYSTEM INSTAILLATION 

S e w e r  L i n e  

S Y 
L e a c h  
L i n e s  - 

I \ 
S 
__LY 

Frih-iti-<--- -5-71 
--- ___- - - C o r a l  Sands & L e n s e s  

S E C T I O N  

L F l o w  O f  W a t e r  From 
O c e a n  To L a g o o n  

The placement of the septic tanks and leach lines near  
the l a g ~ o n  and above high tide and ground water  will 
provide good leaching a r e a s .  The effluent f rom the 
septic tanks will leach through the cora l  sands and 
lenses  thereby purifying the effluent a s  i t  en ters  the 
sa l t  water .  As the flow i s  toward the lagoon, the 
f resh  water  will  not be contaminated. The sa l t  
water  in the sands and lagoon will soon destroy any 
coliform that may be present .  



5-house g r o u p  

5 x 4 = 20 p e r s o n s  @ 80 gpd = 1600 gpd 
1600 gpd + (10070 x 1600) = 3200 gpd 

3200 g a l  
= 428 cu  ft 

7 . 4 8  g a l / c u  ft 

. ' . s i z e :  5'W x 22' -2"L x 4 ' D  

The  l e a c h  f ield and sep t i c  tank r e q u i r e m e n t s  of o t h e r  housing 
g r o u p s  a r e  shown in Tab le  G-4.  

5 . 2  HOUSING CLUSTERS CONNECTED T O  SEWAGE TREATMENT PLANT 
- MEDREN ISLAND (CASE 4b) 

5 . 2 . 1  Sewage T r e a t m e n t  P l a n t  

Sewage t r e a t m e n t  plant r e loca ted  f r o m  Japtan  a f t e r  c leanup c a m p  
is  r e m o v e d .  T r e a t m e n t  plant for  17,  500 gpd f r e s h  and b r a c k i s h  w a t e r .  
(Dwg. G - 4 )  

M e d r e n  Popula t ion  

47 h o u s e s  @ 4 = 188 @ 80 gpd = 1 5 , 0 0 0  gpd 

Added c h l o r i d e s  of a p p r o x i m a t e l y  4, 500 p p m  added to  a 17,  500 
gpd plant  should p roduce  a n  effluent with 90 to 95y0 reduc t ion  of 
BOD and suspended so l ids ,  provided the  plant  i s  p r o p e r l y  
o p e r a t e d  and mainta ined.  

5. 2.  2 Lif t  S ta t ions  

J i toenmwenelap  Wato t o  Lomake  Wato 

18  h o u s e s  @ 4 = 72 x 80 = 5760 gpd 

5760 
12-hour b a s e  - = 8 . 0  g p m  x 5 = 40 g p m  peak 720 

Lif t  Stat ion No. 1 

5760 
= 144 m i n  = 2 . 4  h r s  p e r  day 

40 

F o r c e  m a i n  300 ' -4"  H = 2. 5 x 0 . 3  = . 7 5 '  
f 

Stat ic  = 9 . 0 '  
U s e  = 1 0 . 0 '  



TABLE G-4:  LEACH FIELDS AND LINES REQUIRED FOR PERMANENT HOUSING 
ON MEDREN ISLAND (CASE 4a) 

::Fine sand and c o r a l  4 g a l / s q  f t  = daily absorp t ion  capacity.  
::::::4 sq ft = l each  a r e a  pe r  foot of pipe l e ach  l ine d i a m e t e r  = 4 in. 

- 
Es t ima t ed  

C o s t /  
C lu s t e r  

$ 

1250 

1670 

3030 

3450 

I 

Houses  

Per 
Group  

1 

2 

3 

4 

Was te  
w a t e r  / 
Group  

g pd 

640 

9 6 0 

1280 

1600 

Leach 
Field:: 

A r e a  Rqd 
s q  f t  

160 

240 

3 20 

400 

Leach  
Line::* 

Length 
sq  ft 

40 

6 0 

80 

100 

Septic Tanks  

ga l  

1280 

1920 

2660 

3200 

.I 

Width 
f t .  - in.  

4 -0  

4 - 6 

5 -0 

5 -0 

Length 
f t .  - in.  

11 -0 

14-6 

17-3 

22-2 

Depth 
ft 

4 

4 

4 

4 

I 



Use 40 gpm duplex pump 

1150 r p m  
1 12 hp motor  
Head = 1 1 . 0  ft 

Use  1200' -8" PVC s e w e r  pipe - 4 manholes  
300 ' -4"  PVC fo r ce  main  

Other  lift  s tat ion and pump c h a r a c t e r i s t i c s  a r e  shown in Table  G-5.  

ESTIMATED COSTS, PERMANENT HOUSING, MEDREN 

5. 3 .  1 Instal lat ion of sept ic  tank and leach field 
fo r  housing c l u s t e r s  

5. 3.  2 Instal lat ion of sewage t r e a tmen t  plant 
( f r o m  Japtan t e m p o r a r y  housing usage) 
and collect ion s y s t e m s  fo r  housing 
c l u s t e r s  

PERMANENT HOUSING, JAPTAN ISLAND (CASE 5) 

Inasmuch a s  only four  fami l i es  have e lected to se t t l e  permanent ly  on 
Japtan,  the sewage t r e a tmen t  plant r ecommended  fo r  the t empora ry  housing, 
Case  2, i s  of much g r e a t e r  capaci ty  than needed.  There fore ,  a  sept ic  tank 
s y s t e m  i s  recommended  fo r  th i s  si tuation.  

SEPTIC TANK SYSTEM 

6 . 1 . 1  Housing A r e a  

4 res idences  @ 4 pe r sons  = 4 x 4 = 16 

16 @ 80 gpd = 1280 gallons 

6 . 1 .  2 Septic Tank 

1280 $ (100% x 1280) = 2560 ga l  capac i ty  
256017.48 = 342 c u  ft 
Use 5'W x 1 7 ' - 3 " L  x 4 'D 

6 . 1 . 3  Leach  Line 

80 l ineal  f ee t  r equ i red .  



TABLE G-5: LIFT STATION CHARACTERISTICS AND PUMP REQUIREMENTS 
FOR PERMANENT RESIDENCE ON MEDREN ISLAND - CASE 4b 

F o r c e  
Main 

ft.  

300 

300 

300 

300 

300 

Pump Charac t e r i s t i c s  
Peak  
Flow 

gpm 

. 40 

44.9 

35.6 

20 

22. 5 

Homes 
in 

Section 

18 

2 

16 

9 

2 

t 

Lift  
Station 
 umber 

1 

2 

3 

4 

5 

- 

Head 
f t .  

11.0 

11.1 

11.1 

11.0 

17.8 

Total  
Flow 

gpd 

5,760 

6,400 

11,520 

14,400 

15,040 

I 

Watos 

Jitoenmwenelap 
to Lomake 

Lowit 

Lonen to Wotto 

Mwenelap to 
Lobet 

Jabonbok 

Horse-  
power 

112 

112 

112 

112 

3 14 

Capacity 

gPm 

40 

40 

40 

40 

40 

Speed 

r Pm 

1150 

1150 

1150 

1150 

1150 



6 . 2  ESTIMATED COSTS, PERMANENT HOUSING, JAPTAN 

6. 2 . 1  Instal lat ion of Septic Tank Sys tem 

7.  CONCLUSION 

7 . 1  WASTE WATER DISPOSAL SYSTEM 

7 . 1 . 1  400-Man Camp  - Enewetak Island ( C a s e  1)  

Over  the l a s t  2 8  y e a r s  Enewetak Atoll  h a s  been occupied by personne l  
whose number s  have ranged f r o m  approximately  twenty to  s e v e r a l  thousands.  
P a s t  p r ac t i c e  h a s  included per iodic  inspect ions  of san i ta ry  outfall conditions 
in  the lagoon by medica l  pe rsonne l .  During this per iod t h e r e  w e r e  no  known 
ins tances  of ha rmfu l  effects  f r o m  the u se  of the exist ing s an i t a ry  was te  
s y s t e m s .  On th is  b a s i s  i t  does  not appear  n e c e s s a r y  o r  feas ible  to ins ta l l  
a  sewage t r e a tmen t  s y s t e m  for  the 400 -man  camp.  

Although a sewage t r e a tmen t  s y s t e m  fo r  this  applicat ion would 
appear  to be  de s i r ab l e  f r o m  the a spec t  of el iminating the d i s cha rge  of 

r aw sewage into the lagoon, the  c o s t  f ac to r ,  the scheduled durat ion of 
opera t ions ,  and pas t  exper ience  a t  Enewetak do not favor  this  d i sposa l  
method.  

The cos t  d i f ferent ia l  between rehabi l i ta t ing the exist ing collect ion 
s y s t e m  and instal l ing a new t r ea tmen t  s y s t e m  i s  approximately  $1 50, 000 .  
This  i s  exclus ive  of maintenance and operat ion cos t s .  Both s y s t e m s  
include s o m e  e lec t r i ca l ly  d r iven  mechanical  equipment.  The exist ing 
sy s t em h a s  two duplex l if t  s ta t ions  while the t r e a tmen t  s y s t e m  would have 
five plus the t r e a tmen t  plant. It can be a s s u m e d  that the t r e a tmen t  s y s t e m  
would be  somewhat m o r e  expensive  to opera te  and mainta in .  

The  400-man c a m p  i s  scheduled to be operat ional  fo r  a 24-month 
per iod,  a f t e r  which a l l  fac i l i t ies  wil l  be disposed of in accordance  with 
governing regula t ions .  It i s  unders tood that the n e c e s s a r y  technical  ski l l s  
and knowledge r equ i r ed  fo r  operat ion and  maintenance of a sewage t r e a t -  
ment  s y s t e m  would not  b e  avai lable  f r o m  the T T P I  o r  f r o m  the a to l l  
r e s i den t s .  In view of the s h o r t  dura t ion  of c a m p  operat ion and the lack of 
expe r t i s e  among the permanent  population i t  would not be feas ible  o r  
p rac t i ca l  to ins ta l l  a  sewage t r e a tmen t  s y s t e m  on Enewetak Is land.  

7 . 1 . 2  T e m p o r a r y  Q u a r t e r s  - Japtan Island ( C a s e  2) 

F o r  the r e a s o n s  s ta ted  in  7 . 1 .  1 above,  i t  would appea r  feas ib le  to  
rehabi l i ta te  the exist ing collect ion s y s t e m  and outfall on Japtan fo r  use  
by the Enewetak people during the i r  t e m p o r a r y  occupancy of the is land.  
However,  s ince  the T T P I  h a s  planned to  use  benjo over  open pits  for  the 



50 to 60 people in t empora ry  r e s idence ,  rehabilita.ting the exist ing s y s t e m  
would not be economical ly  feas ible .  The  benjos and garbage  pi ts  a r e  
planned to  be  located n e a r  the sho re ,  away f r o m  the cen t r a l  p a r t  of the 
underground f r e s h  wate r  l ens .  This  a r r angemen t  a p p e a r s  to be  sui table  
for  the s m a l l  s i z e  of the population and would involve a m in imum cos t .  

7 . 1 . 3  Pe rmanen t  Housing - Enewetak,  Medren and Japtan Is lands  
( C a s e s  3 ,  4 and 5) 

Considering the immedia te  and long-range r equ i r emen t s  of the 
Enewetak people, san i t a ry  waste  d isposal  could be s t  be  handled by the 
ins  tallation of sept ic  tank s y s t e m s .  Sewage treatrnent  s y s t e m s  of any 
s i z e  would c r e a t e  p rob lems  in operat ion and maintenance,  and would a l s o  
r e q u i r e  e l e c t r i c a l  power fo r  operat ion.  Since t h e r e  would b e  l i t t le  l ikel i -  
hood of operat ional  and maintenance ski l l s  being avai lable  and no power 
would be  available to opera te  a t r e a tmen t  sy s t em,  the ins ta l la t ion of such 
a plant would be  unfeasible.  In addition, a ssuming  these  w e r e  avai lable  
the cos t s  involved would probably be beyond the people ' s  abil i ty to sus ta in .  

The sept ic  tank s y s t e m s ,  coupled with wate r  s e a l  to i le ts ,  would 
r e p r e s e n t  a n  upgrading in  s an i t a ry  was te  handling a s  compared  to c u r r e n t  
use  of open pit benjos .  The tanks  and l each  f ields would be  located ad j a -  
cent  to the lagoon s h o r e  where  effluent would f i l t e r  through the c o r a l  
before  enter ing the lagoon. These  lagoon- s ide  locations would provide 
a s s u r a n c e  that  the i s l ands '  f r e s h  wate r  l ens  would not be  polluted a s  the 
underground wate r  tends to m ig ra t e  through the c o r a l  f r o m  the ocean 
toward the lagoon ( s e e  page 11) .  Also  the sept ic  tank s y s t e m s  r e q u i r e -  
ments  a r e  m in ima l  a s  no fuel  o r  e l e c t r i c a l  power would be  requ i red ,  no 
manpower fo r  operat ion would be  needed and the s y s t e m s  would be  
dependable.  

7 . 1 . 4  Recommendat ions  

Rehabi l i ta te  the exist ing was t e  wa te r  d i sposa l  s y s t e m  to s e r v e  
the 400-man c a m p  on Enewetak.  

Uti l ize open pit benjos f o r  the temp0rar .y  r e s i den t s  on Japtan 
in  accordance  with the Mas t e r  P l an .  

Ins ta l l  sep t i c  tank and leach  field systenns t o  s e r v e  the housing 
c l u s t e r s  f o r  the pe rmanent  r e s i den t s  of Enewetak,  Medren,  
and Jap tan  Is lands  in accordance  with the Mas t e r  Plan.  



T A B L E  G-6 

WASTE W A T E R  DISPOSAL METHOD 

COST/SYSTEM 

Note :  A l l  e l e c t r i c a l  f a c i l i t i e s  f o r  t he  400-Man  - C a m p  a n d  T e m p o r a r y  
S e r v i c e s  f o r  J a p t a n  f o r  c l e a n u p  a n d  e a r l y  i nhab i t an t s  would b e  
s e r v i c e d  f r o m  ex i s t i ng  f a c i l i t i e s ,  bu t  when the  i s l a n d s  a r e  
a v a i l a b l e  f o r  p e r m a n e n t  i nhab i t an t s  a l l  new e l e c t r i c a l  s e r v i c e s  
would h a v e  t o  b e  i n s t a l l e d .  

New Sept ic  
T a n k  

S y s t e m  

N /A 

N /A 

$62 ,857 .  00  

$42 ,438 .  00 

$ 3 , 4 4 9 . 0 0  

C a s e  
No. 

1  

2 

3 

4 

5 

400-Man  C a m p  

T e m p .   aptan an 

P e r m a n e n t  
a .  E n e w e t a k  

b .  M e d r e n  

c .  J a p t a n  

Rehab i l i t a t i on  
of E x i s t i n g  

S y s t e m  

$ 7 0 , 0 0 0 . 0 0  

$1 1 , 0 0 0 .  00 

N / A  

N / A  

N/A 

New Sewage  
T r e a t m e n t  

S y s t e m  

$223, 9 5 0 . 0 0  

$ 27, 662 .00  

$161, 197.  00 

$128, 935.  00 

$ 27,  662.  00  
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FEASIBILITY STUDY FOR CRATER CONTAINMENT 
OF CONTAMINATED MATERIAL AT ENEWETAK 

SUMMARY 

Four methods s t u d i e d  f o r  accomplishing t h e  c r a t e r  containment of 

contaminated m a t e r i a l s  vary i n  c o s t  from 9.3 m i l l i o n  d o l l a r s  t o  

36 m i l l i o n  d o l l a r s .  The recommendation t o  proceed without  a  l i n e r  

t o  t h e  c r a t e r  i s  no t  f o r  reason of  economy a lone ,  b u t  i s  because 

t h e  added e f f o r t s  w i l l  a ch i eve  no s i g n i f i c a n t l y  h igher  degree of 

p r o t e c t i o n .  The omission of a  l i n e r  i n  t h e  c r a t e r  may r e s u l t  i n  a  

s l i g h t l y  g r e a t e r  degree of pe rmeab i l i t y  of t h e  r e s u l t a n t  mass. 

However, t h e  degree  of l e ach ing  o r  s o l u t i o n  movements o f  contaminants 

from t h e  r e s u l t a n t  mat r ix  would b e  o r d e r s  of magnitude less than  t h e  

cont inued  movement of remaining contaminants from t h e  i s l a n d s .  The 

r e s u l t i n g  increment of contaminat ion from such l each ing  would be  

i n f i n i t e s i m a l  and would b e  f a r  below t h e  background l e v e l  of t h e s e  

contaminants  i n  t h e  p r e s e n t  lagoon sediments.  





FEASIBILITY STUDY FOR CRATER C3NTAKNMENT 
OF CDNTAMINATED MATERIAL AT ENEWBTAK 

A.  ATJTHORI TY. 

1. Message DNA/OALG 20212 7 Feb 7 5 ,  s u b j e c t :  l l ~ e a s i b i l i t y  

S tudy  f o r  C r a t e r  Containment o f  Contaminated  Material, l 1  r e q u e s t e d  

t h e  Corps o f  E n g i n e e r s  t o  u n d e r t a k e  t h e  s u b j e c t  s tudy .  

2. Message DNA/OALG 18252 27 Feb 7 5 ,  sane s u b j e c t ,  p r o v i d e d  

a d d i t i o n a l  i n s t r u c t i o n  a n d  cr i ter ia  f o r  t h e  conduc t  o f  t h e  r e q u e s t e d  

f e a s i b i l i t y  s t u d y .  

B. GENERAL CRITERIA AND DISCUSSION. 

1. POD h a s  s t u d i e d  f o u r  methods f o r  accompl i sh ing  t h e  s e m i -  

permanent  conta inment  o f  con tamina ted  material i n  a crater o r  

craters a t  Runi t  i s l a n d .  The t e c h n i c a l  problems i n v o l v e d  a r e  

p r i m a r i l y  a s s o c i a t e d  w i t h  t h e  l o c a t i o n ,  r e m o ' v a l  and con ta inment  o f  

t h e  p lu ton ium con tamina ted  s o i l .  Only t h e  l a t t e r  problem -- t h e  

conta inment  of  t h e  con tamina ted  materials i n  t h e  craters -- is 

a d d r e s s e d  i n  t h i s  s t u d y .  When t h e s e  problems are s o l v e d  t h e  d i s p o s a l  

of t h e  con tamina ted  d e b r i s  (me ta l  and c o n c r e t e )  w i l l  p o s e  no 

s i g n i f i c a n t  d i f f i c u l t i e s .  

2. The s t u d y  i s  b a s e d  upon accompl i sh ing  t h e  o b j e c t i v e s  o u t l i n e d  

i n  p a r a g r a p h  4,  DNA/OALG message 1825 27 Feb 75, which is q u o t e d  i n  

i t s  e n t i r e t y :  

4 .  The concep t  f o r  entombment o f  t h e  material i n  t h e  

craters d e s c r i b e d  i n  t h e  DEIS w a s  i n t e n d e d  t o  accompl i sh  

t h e  f o l l o w i n g :  





"A. Reduce t h e  t r a n s p o r t  p o t e n t i a l  of plutonium by p l ac ing  

i t  i n  t h e  c r a t e r ( s )  i n  such manner t h a t  e r o s i v e  water  
- 

v e l o c i t i e s  a r e  h e l d  t o  t h e  lowest  p r a c t i v a b l e  l e v e l .  

l lB.  Reduce the  a v a i l a b i l i t y  of smal l  contaminated p a r t i c l e s  

and contaminated s c r ap  by binding them i n  a  cementat ious  mat r ix .  

"C. Provide  a  coa t ing  f o r  t h e  sand and PU p a r t i c l e s  t o  s h i e l d  

and reduce t h e  hazards  of Alpha emiss ions .  

"D. Disperse  t h e  r a d i o a c t i v e  m a t e r i a l  w i th in  d i s p o s a l  c r i t e r i a  

i n  a r e l a t i v e l y  uniform manner w i t h i n  t h e  l a r g e r  m a s s  of  m a t e r i a l  

a v a i l a b l e .  

"E. P l a c e  t h e  m a t e r i a l  i n  a  semi-permanent l o c a t i o n  where i t  

would be l e a s t  a v a i l a b l e  t o  m a n  b u t  where i t  could  be  observed 

and r e t r i e v e d  i f  necessary o r  d e s i r a b l e .  (Note: Leak proof 

containment i s  no t  r equ i r ed  o r  in tended)  ." 
I t  i s  noted t h a t  ERDA was not a n  informat ion add re s see  f o r  t h i s  

message. 

3.  The s tudy  assumes t h a t  t h e  q u a n t i t i e s  e s t a b l i s h e d  f o r  Case 3 

i n  t h e  DEIS a r e  approximately c o r r e c t ,  and presupposes  t h a t  a  

f e a s i b l e  method f o r  l o c a t i n g  and removal of t h e  plutonium contaminated 

s o i l  w i l l  b e  devised.  

4. E x i s t i n g  cond i t i on  of t h e  c r a t e r s :  The two c r a t e r s  a r e  wate r  

f i l l e d  and a r e  open t o  t i d a l  f l u s h i n g .  Lacrosse  C r a t e r  i s  l o c a t e d  

f u r t h e r  seaward on t h e  r e e f  f l a t .  The remnants of t h e  l i p  of t h i s  
L 

c r a t e r  i s  d i scont inuous  on a l l  s i d e s  l eav ing  on ly  f o u r  smal l  i s l e t s ,  

t h e  l a r g e s t  of which extends t o  a  he igh t  of +12 f e e t .  Cac tus  C r a t e r  

t a k e s  a b i t e  o u t  of t h e  no r the rn  end of Runit  i s l a n d ,  I t s  l i p  is 





con t inuous  f o r  80% of t h e  p e r i m e t e r  and hence  i s  open t o  t h e  t i d e  

f o r  o n l y  a b o u t  200 feet of  t h e  n o r t h e r n  s e c t o r .  The l i p  on t h e  i s l a n d  

s i d e  r e a c h e s  a h e i g h t  of  +25 f ee t .  The g e n e r a l  l o c a t i o n  i s  shown 

on P l a t e  I .  The d imensions  and volumes o f  t l h e  craters are shown 

on P l a t e  11. The water i n  t h e  craters is  non-contaminated.  S e e  

schemat ic  s e c t i o n  P l a t e  111. The bot toms o f  t h e  craters are covered  

w i t h  a l a y e r  o f  c l e a n  c o r a l  sand sed iments  which h a s  accumulated  s i n c e  

t h e  test programs.  I t  s h o u l d  b e  n o t e d  t h a t  s i n c e  t h e  p u b l i c a t i o n  

of t h e  DEIS, i n f o r m a t i o n  h a s  become a v a i l a b l e  of  two e x p l o r a t o r y  

d r i l l  h o l e s  w i t h i n  C a c t u s  C r a t e r .  These were made i n  c o n n e c t i o n  

w i t h  t h e  EXPOE d r i l l i n g  program. These two h o l e s  r e v e a l  t h e  

p r e s e n c e  o f  a n  e x t e n s i v e  contaminated  zone ex tend ing  t o  more t h a n  

t w i c e  t h e  d e p t h  o f  t h e  a p p a r e n t  bottom o f  t h e  crater. I n  t h i s  zone  the 

gamma c o u n t  is up t o  4400 CPS. The normal background c o u n t s  i n  h o l e s  

a d j a c e n t  t o  t h e  crater ranged from 20 t o  120 CPS. If one  w e r e  t o  

e x t r a p o l a t e  t h e  i n f o r m a t i o n  from t h e s e  two b o l e s ,  one might  s u r m i s e  

t h a t  t h i s  zone might  approximate  t h e  t r u e  c r a t e r  a t  t h e  t i m e  o f  

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

p r o v i d i n g  a h i g h  s t r e h g t h  l i n e r  i n  t h e  crater to a moot p o i n t ,  

s i n c e  t h e  volume o f  con tamina ted  m a t e r i a l  below t h e  l i n e r  would 

p r o b a b l y  exceed t h e  volume o f  t h a t  c o n t a i n e d  w i t h i n  i t .  

5. The f o u r  methods c o n s i d e r e d  i n  t h i s  s t u d y  v a r y  wide ly  i n  

c o s t  and s o p h i s t i c a t i o n .  I n  recommending t h e  l e a s t  e x p e n s i v e  

s o l u t i o n ,  POD does  s o ,  n o t  t o  a c h i e v e  economies a t  t h e  expense  o f  

t h e  Enewetak p e o p l e ,  b u t  because  t h e  added c o s t s  w i l l  a c h i e v e  no 

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





6. POD s t a f f  members have p rev ious ly  commented t o  t h e  e f f e c t  

t h a t  dewatering of t h e  c r a t e r s  a s  de sc r ibed  i n  t h e  DEIS paragraph 

6.2.3 was no t  economically f e a s i b l e  because of t h e  extremely high 

pe rmeab i l i t y  o f  t h e  c r a t e r  s u b s t r a t e  and t h e  n a t u r a l  fo rmat ions  

extending t o  g r e a t  depth.  Scheme I V  of t h i s  s tudy addressed  

d i r e c t l y  t h i s  problem of dewater ing,  and developed t h e  h igh ly  

complex g r o u t i n g  methods t h a t  would b e  r equ i r ed  t o  s u c c e s s f u l l y  

accomplish t he  dewater ing.  

7. One of  t h e  methods cons idered  (Schemla 11) i nvo lves  p r e c a s t i n g  

of t h e  contaminated s o i l  i n t o  soil-cement b locks  which would then  

b e  dunked o r  depos i t ed  i n  t h e  w a t e r  f i l l e d  c r a t e r s .  Two of  t h e  

methods i nvo lve  t h e  underwater placement of a soi l -cement  s l u r r y .  

The most commonly used method f o r  t h e  placement of l a r g e  volumes 

o f  conc re t e  underwater i s  the  tremie method which i s  desc r ibed  below. 

8. Tremie method of conc re t e  placement under water: ~ r emie  

p i p e s  a r e  used t o  p l a c e  f r e s h  concre te  o r  cement s l u r r y  under water.  

The t r emie  p i p e s  a r e  f i l l e d  w i th  c o n c r e t e  w i t h  a plug end and lowered 

i n t o  t he  wa te r .  The p lug  i s  removed from t h e  bottom of  t h e  p ipe  

and concrete o r  cement slurry f lows  o u t  a t  t h ~ e  end of the p i p e s .  

From t h i s  t i m e  on t he  ends of the  t r e m i e  p i p e s  must b e  kep t  

c o n t i n u a l l y  immersed i n  conc re t e .  Concrete  obr cement s l u r r y  i s  

c o n t i n u a l l y  f e d  t o  t h e  ba rge  mounted hopper from ba tch  p l a n t  v i a  

c o n c r e t e  pumps on shore .  This  s e a l  between t h e  bottom of tremie 

p i p e s  immersed i n  f r e s h  conc re t e  and cement s l u r r y  must no t  be  

l o s t .  See P l a t e  I V .  Tremie conc re t e  normally sets i n  about  2% t o  

4 hours .  Note P l a t e  I V  shows t h e  barge  t o  t remie.  





C . DESCRIPTION O F  METHOD. 

1. Scheme I: No C r a t e r  L ine r .  This method provides  no l i n e r  

f o r  t h e  c r a t e r .  A semi-permanent d ike  i s  provided  around Cactus  

C r a t e r .  The contaminated s o i l  i s  mixed t o  form a soil-cenient s l u r r y ,  

which i s  pumped t o  a tremie hopper mounted on a smal l  ba rge  from 

which i t  is  f e d  t o  tremies f o r  placement under water .  The contaminated 

d e b r i s  ( s c r a p )  w i l l  b e  p l aced  during t h e  t remie  placement ope ra t i on  

r e s u l t i n g  i n  i t s  being completely encased i n  t h e  soil-cement mat r ix .  

The s o l i d i f i e d  mass w i l l  b e  covered w i t h  an 18- inch t h i c k  concre te  

cap  a t  e l e v a t i o n  of about  +8 f e e t .  (See  P l a t e  V.) 

2. An a l t e r n a t i v e  t o  t h e  t remie  placement of t h e  soi l -cement  

s l u r r y  i n  Scheme I involves  e l imina t ing  t h e  t remies  and pumping t h e  

s l u r r y  d i r e c t l y  i n t o  p r e f a b r i c a t e d  bags. These bags  w i l l  be made 

f r o n  p l a s t i c  impregnated nylon f a b r i c  s i m i l a r  t o  t h o s e  marketed 

under t h e  t r a d e  name tlFabriformll. See P l a t e  V I .  Th is  a l t e r n a t e  

would e l i m i n a t e  many of t h e  problems o r  hazards  a s s o c i a t e d  w i t h  

tremie placement of t h e  contaminated s l u r r y  ( s e e  f u r t h e r  comment 

i n  t h e  s e c t i o n  headed, Advantages and D i ~ a d v ~ a n t a g e s ) .  

D . ADVANTAGES AND D I  SADVANTAG ES . 
1. Scheme I .  Th i s  i s  t h e  most economici31 and q u i c k e s t  s o l u t i o n .  

It p rov ides  f o r  s ecu re  s t o r a g e  and meets t h e  gene ra l  o b j e c t i v e s  

o u t l i n e d  i n  paragraph 4 ,  DNA/OALG message 18252, 27 ~ e b  75.  his 

s o l u t i o n  reduces  t h e  r e s p i r a t o r y  hazard from t h e  s u r f a c e  of t h e  
L 

l and  and p l a c e s  t h e  m a t e r i a l  i n  a known l o c a t i o n  which can be  

avoided,  bu t  can s t i l l  be  observed o r  monitored. The p o s s i b i l i t y  

of minor l o s s e s  of contaminated s o i l  during Lranspor ta t ion  t o  Runit  





i s  s l i g h t l y  g r e a t e r  t h a n  t h a t  f o r  Scheme 11. I t  does  n o t  p r o v i d e  

a l i n e r  f o r  t h e  crater as d e s c r i b e d  i n  t h e  DEIS. Hence t h e  d e g r e e  

o f  p e r m e a b i l i t y  of  t h e  r e s u l t a n t  mass may b e  s l i g h t l y  g r e a t e r  t h a n  

t h e  o t h e r  methods.  I n  t h i s  r e g a r d  i t  must b e  p o i n t e d  o u t  t h a t  t h e  

concep t  o f  c o n t a i n i n g  t h e s e  con tamina ted  m a t e r i a l s  i n  a c o m p l e t e l y  

impermeable v e s s e l  i s  q u i t e  u n r e a l i s t i c  i n  t 'he c o n t e x t  o f  t h e  

envi ronment  o f  t h e  n o r t h e r n  i s l a n d s  of  t h e  Enewetak a t o l l .  

Remaining c o n t a m i n a n t s  on t h e  i s l a n d s  c o n t i n u e  t o  exist  i n  t h e  

h i g h l y  p e r v i o u s  environment o f  t h e  n a t u r a l  s o i l s .  By c o n t r a s t  t h e  

s o l i d  m a t r i x  o f  t h e  so i l - cement  mass of Scheme I is  less permeable 

by a t  least a n  o r d e r  o f  magnitude i n  a d d i t i o n ,  t h e  p lu ton ium b e a r i n g  

p a r t i c l e s  w i l l  b e  c o a t e d  w i t h  a f i l m  o f  c e m e n t  p a s t e .  These facts 

coup led  w i t h  t h e  more r e c e n t  i n f o r m a t i o n  o f  zone o f  con tamina ted  

m a t e r i a l s  be low t h e  crater ,  make f u r t h e r  c o n s i d e r a t i o n  o f  l i n i n g  

t h e  crater redundant .  

2.  One o f  t h e  d i s a d v a n t a g e s  of  tremie placement  o f  t h e  

con tamina ted  s l u r r y  i n  sea water i s  c o n t r o l l i n g  and /o r  removing 

l a i t a n c e .  L a i t a n c e  is  c a u s e d  by t h e  washing ( a  p a r t i a l  d i s p e r s i o n )  

of t h e  w e t  concrete  a t  t h e  i n t e r f a c e  o f  the water and t h e  advancing 

c o n c r e t e  m a s s .  The problem i s  u s u a l l y  worse i n  a sea water 

envi ronment  t h a n  is t h e  case w i t h  f r e s h  w a t e r .  The r e s u l t i n g  

l a i t a n c e  material i s  i n  two forms: 

a. 1st t h e  h e a v i e r  a g g r e g a t e  from w'hich mast  o f  t h e  cement 

p a s t e  h a s  b e e n  washed o u t .  This  se t t l e s  on t h e  t o p  o f  t h e  c o n c r e t e  

mass. 





b.  2nd i s  t h e  l i g h t e r  f l u f f y  g e l  o f  hydrated cement and 

f i n e l y  suspended ma t t e r .  The l a t t e r  t ends  t c )  accumulate and remains 

i n  suspension f o r  longer  pe r iods .  

The unconso l ida ted  aggrega te  (1st p o r t i o n  above) would b e  covered 

by subsequent l i f t s .  The cumulat ive  f l o c  o r  g e l  (2nd p o r t i o n )  w i l l  

b e  contaminated.  I n  o r d e r  t o  a s s u r e  t h a t  it w i l l  set up,  i t  i s  

planned t o  r e c i r c u l a t e  t h i s  m a t e r i a l  through t h e  mixer f o r  t h e  f i n a l  

l i f t s  o f  the s l u r r y  above e l e v a t i o n  zero .  

Another method of reso lv ing  the  l a i t a n c e  problem i s  t h e  v a r i a t i o n  

of  Scheme I using p l a s t i c  impregnated nylon bags  ( p l a t e  VI). I t  i s  

a n t i c i p a t e d  t h a t  t h e  c o s t  of manufacturing t he se  bags  w i l l  b e  o f f s e t  

by s av ings  from e l imina t ing  t h e  t r emie  ope ra t i on .  

E . CONCLUSION. 

P l a t e  V I I  shows a summary of c o s t  and c o n s t r u c t i o n  t i m e .  

Cons idera t ion  of f e a s i b i l i t y  included c o n s t r u c t a b i l i t y ,  l o g i s t i c s ,  

c o n s t r u c t i o n  time, c o s t ,  and s a t i s f a c t o r y  achievement o f  t h e  

containment o b j e c t i v e s .  Scheme I involv ing  placement of a  soil-ceraent 

s l u r r y  without  a c r a t e r  l i n e r  i s  t h e  most f e a s i b l e  s o l u t i o n .  
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADlMlNlSTRATlON 
WASHINGTON, D.C. 20545 

January 29, 1.975 

Major General W. E. Shedd, USA 
Deputy Di rec to r  f o r  Operat ions 

and Administrat ion 
Defense Nuclear Agency 
Washington, D. C. 20305 

Dear General Shedd: 

Your l e t t e r s  of  October 9 and November 26, 1974, r a i s e  t h e  i s s u e  of  
t h e  impact of t h e  Natura l  Resources Defense Counc:il (NRDC) p e t i t i o n  
t o  t h e  Atomic Energy Commission (AEC) and t h e  Environmental P r o t e c t i o n  
Agency (EPA) based upon t h e i r  r e p o r t  "Radiation S,tandards f o r  Hot 
P a r t i c l e s , "  f o r  t h e  lowering of plutonium standards upon t h e  Dra f t  
Environmental Impact Statement of t h e  Enewetak At:oll. 

The i s s u e s  r a i s e d  by t h e  NRDC a r e  i d e n t i c a l  t o  t hose  they  have r a i s e d  
concerning t h e  LMFBR and t h e  GESMO statements .  The ques t ion  i s  one 
of  t h e  p r o b a b i l i t y  of a  unique hazard t o  t h e  r e s p i r a t o r y  t i s s u e s  f o r  
a  given amount of inhaled r a d i o a c t i v e  m a t e r i a l  ( p a r t i c u l a r l y  plutonium) 
d i s t r i b u t e d  i n  t h e  form of smal l ,  d i s c r e t e ,  r a d i o a c t i v e  p a r t i c l e s  o r  
aggregates  a s  compared wi th  a  more homogeneous d i . s t r i bu t ion  of t h e  
ma te r i a l .  

It is  premature a t  t h i s  t ime t o  engage i n  a  comprehensive a n a l y t i c a l  
d i scuss ion  of t h e  p o t e n t i a l  consequences should t h e  s tandards  proposed 
by t h e  NRDC p e t i t i o n  and r e p o r t  be adopted. It would be more appropr i a t e  
t o  r e so lve  t h e  i s s u e  g e n e r i c a l l y  r a t h e r  than address  each a p p l i c a t i o n  
of i t  independently.  

Because of t h e  importance of t h i s  ques t ion  and because of i t s  widespread 
r ami f i ca t ion ,  some time ago I requested of those  most f a m i l i a r  wi th  t h e  
d a t a  bear ing  upon t h e  r e l a t i v e  s i g n i f i c a n c e  of uniiform vs .  non-uniform 
exposure of t h e  lungs t o  inhaled plutonium t h a t  am a n a l y s i s  and r e p o r t  
be prepared which addressed and summarized t h e  s c . i e n t i f i c  evidence t o  
da t e .  This  r e p o r t  (WASH-1320) was published i n  S'epternber 1974, and a  
copy i s  enclosed. I would c a l l  your a t t e n t i o n  t o  page one, p a r t i c u l a r l y ,  
where t h e  summary and conclusions a r e  s t a t e d .  The National  Radiological  
P ro t ec t ion  Board of England reaches s i m i l a r  concl.usions. 





Major General W. E. Shedd January 29, 1975 

(Recently t h e  NRDC publ ished a c r i t i q u e  of t h i s  document, which you 
included wi th  your second reques t . )  

\.' 
.. The Los Alamos S c i e n t i f i c  Laboratory has r e c e n t l y  published a review 

of  t h e  NRDC p e t i t i o n  (LA-5810-MS), a copy of which is  a l s o  enclosed. 
I would d i r e c t  your a t t e n t i o n  t o  t h e  a b s t r a c t  of t h e  document. 

The National  Council  on Radia t ion  P ro tec t ion  and Measurements (NCRP) 
has been asked f o r  an opinion on t h i s  sub jec t .  The NCRP r e p o r t  has  
been prepared and should be r e l ea sed  i n  t h e  near  fu tu re .  

Both t h e  AEC and EPA requested t h e  National  Academy of Sciences t o  
appoint  a committee of expe r t s  t o  s tudy  t h e  sub jec t .  This  committee, 
an ad hoc committee of t h e  Academy's Committee on t h e  B io log ica l  E f fec t s  
of  Ion iz ing  Radiat ion,  has  met and is  funct ioning.  A r e p o r t  i s  n o t  
expected f o r  a t  l e a s t  6-12 months, however. 

D i r e c t l y  r e l a t e d  t o  t h i s  i s s u e  were EPA pub l i c  hear ings  he ld  December 10 
and 11, 1974, t h e  purpose of which was t o  eva lua t e  t h e  environmental 
impact of plutonium and t h e  o the r  transuranium elements and t o  consider  
whether new gu ide l ines  o r  s tandards  a r e  needed t o  a s s u r e  adequate pro tec-  
t i o n  of t h e  genera l  ambient environment and of t h e  pub l i c  h e a l t h  from 
p o t e n t i a l  contamination of  t h e  environment by rad ionucl ides  of t h e s e  
elements.  The AEC o f fe red  ex tens ive  testimony and was quest ioned by 
t h e  Hearing Panel.  The NRDC presented t h e i r  viewpoint and was s i m i l a r l y  
questioned by t h e  Hearing Panel.  While a t  t h i s  t ime we do no t  have 
copies  of  t h e  t r a n s c r i p t  of t hese  hear ings ,  you might f i n d  t h e  NRDC 
testimony and response t o  quest ioning t o  be of  i n t e r e s t  v i s - a -v i s  t h e  
"hot pa r t i c l e1 '  i s sue .  Copies should be a v a i l a b l e  from t h e  EPA a t  t h e i r  
pub l i c  document room. 

The Nuclear Regulatory Cotmnission is formulating a response to the 
NRDC p e t i t i o n  t o  lower plutonium standards.  This  response,  a s  we l l  
a s  t h e  opinions of t h e  NRDC and t h e  National  Academy of Sciences,  
w i l l  determine t h e  ex t en t  t o  which var ious  opera t ions  a r e  a f f e c t e d .  

I n  summary, u n t i l  t h e  primary i s s u e  i s  resolved i t  appears i nappropr i a t e  
t o  address  each s p e c i f i c  a p p l i c a t i o n  sepa ra t e ly .  You might wish t o  
inc lude  t h e  NRDC papers i n  t h e  F i n a l  Statement.  Should t h i s  be your 
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dec i s ion ,  I would recommend t h a t  t h e  enclosed documents a l s o  be 
appended. This  would main ta in  a balanced perspec t ive  and it provides 
t h e  reader  w i th  t h e  m a t e r i a l  i n  WASH-1320, without  which t h e  NRDC 
c r i t i q u e  of WASH-13i0 would be somewhat meaningless. 

S ince re ly ,  

v t i n g  Deputy Ass i s t an t  Administrator  
f o r  Environment and Sa fe ty  

Enclosures: 
1. WASH-1320 
2. LA-5810-MS 
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Erratum Sheet For 

"A Radiobiological  Assessment of t h e  S p a t i a l  
D i s t r i b u t i o n  of Radiat ion Dose from 1nhal.ed Plutonium" 

(WASH-1320) 

P lease  no te  t h a t  t h e r e  is  an e r r o r  i n  t h e  second sentence  i n  column 
2 on page 12. 

The sen tence  now reads:  

I n  experimental however, i t  is not  known whether t.he plutonium can be 
found i n  t h e  c i r c u l a t i n g  blood; however, i t  is  not know whether t h e  
plutonium has been absorbed from t h e  lung d i r e c t l y  o r  reabsorbed from 
l i v e r  o r  bone t o  which t h e  plutonium had Been t r ans loca t ed  previously 
from t h e  lung. 

The sen tence  should read a s  fol lows:  

I n  experimental animals a t  long times a f t e r  exposure, plutonium can be 
found i n  t h e  c i r c u l a t i n g  blood;  however, i t  is  not  known whether t h e  
plutonium has been absorbed from t h e  lung d i r e c t l y  o r  reabsorbed from 
l i v e r  o r  bone t o  which t h e  plutonium had been t r ans loca t ed  previous ly  
from t h e  lung. 





PREFACE 

This report was prepared a t  the request of the Division of Biomed- 
ical and Environmental Research, U.S. Atomic Energy Commission. The 
authors have attempted to assemble and review the data currently avail- 
able which bears upon the problem of uniform versus nonuniform dose 
distribution in the lung. This problem has been termed the "hot particle" 
question. Because the quantity of material available from laboratories 
and individuals in the United States and foreign countries f a r  exceeds 
the space limitations of this document, the more peripheral work, as 
judged by the authors, was omitted. While a compendium of all informa- 
tion relative to  the  subject would be useful, the authors elected to pre- 
pare a report of less voluminous dimensions, directed specifically to a 
radiobiological assessment of the spacial distribution of plutonium in the 
lung. 

The authors requested and received assistance from numerous indi- 
viduals and/or laboratories throughout the country in an effort to include 
additional general and specific expertise in various disciplines, as  well as 
to consider a s  broad a sampling of expert opinions as possible. 

Grateful acknowledgment is extended to:  

Roy Albert, M.D., New York University 
Battelle Memorial Institute, Pacific Northwest Laboratory 
George W. Casarett, Ph.D., University of Rochester 
Marvin Goldman, Ph.D., University of California a t  Davis 
Los Alamos Scientific Laboratory 
Clarence C. Lushbaugh, M.D., Oak Ridge Associated Universities 
Roger 0. McClellan, D.V.M., and the staff of the Inhalation 

Toxicology Research Institute, The Love1;ice Foundation 
Harald Rossi, Ph.D., Columbia University 

Their assistance in reviewing drafts of this report, as well as  their 
initial contributions, is most appreciated; however, the authors accept 
sole responsibility for the content of the report and f~or the opinions and 
the conclusions expressed herein. 

It i s  hoped that the report \\rill serve as an  infoi.mative scientific 
docum~nt  which will provide the reader with an  overvic?~ of the applicable 
human, experimental and theoretical evidence to date. For additional 
information the reader is referred to the specific referlmces provided. 
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SUMMARY AND CONCLUSIONS 

1. Recognition of the importance of spatial 
distribution of dose to radiation protection 
practices by national and international stand- 
ards setting organizations and the scientific 
community predates the discovery of pluto- 
nium. Continued examination of the radiobiolog- 
ical aspects of the spatial distribution of dose, 
especially as regards alpha-emitting particles, 
has not led to major changes in radiation pro- 
tection standards. However, the problem is  and 
should be continually reassessed. 

2. Experimental animal studies clearly indi- 
cate that  inhaled radioactive particles move 
from the lung to other organs and may be ex- 
creted from the body by several mechanisms. 
The experimental data also show that  truly 
uniform distributions of inhaled radionuclides 
in lung seldom, if ever, occur. However, be- 
cause of the mobility of plutonium within lung, 
there is some biological justification for aver- 
aging the radiation dose to the total tissue. 

3. Although particles deposited in lung are 
dynamic and mobile unless trapped, i.e., in scar 
tissue, experiments have simulated the static 
plutonium particle to study the bio1ogic:il ef- 
fects of truly "hot spots" of radioactivity in 
lung. These and other comparative experi- 
ments o f  uni form and nonuniform distribu- 
tions of absorbed energy from radioactive par- 
ticles suggest a biological sparing effect for 
both acute and late responses to the nonilni- 
form distribution. Available experimental data 
indicate that  averaging the absorbed alpha ra- 
diation dose from plutonium particles in lung 
is radiobiologically sound. 

.I .  1)osimetric models used to predict lung 
tumoi. probability in animals and in Iiuman 
beings a re  biologically deficient, primarily be- 

cause of the lack of the required biological in- 
formation. Also, most models a re  based on 
studies of tumor induction in irradiated ra t  
skin and on the assumed validity of extrapolat- 
ing to lung tissue. This practice is questionable 
for several reasons including the fact tha t  the 
results of st~ldies with rats, i.e., tumor type, 
vary with rait strains and that  the results of 
comparable studies of irradiated mouse skin 
have not given results identical t o  the r a t  ex- 
periments. Thus, use of these models can lead 
to erroneous predictions of tumor probabilities. 

5. Consideration of mechanisms of radiation 
carcinogenesi:; suggests that  there has been no 
change in direction or  strength of data which 
would compel departure from the concept that  
average lung dose for alpha particles provides 
a reasonable and conservative base for protec- 
tion. 

6. After thirty years experience with plu- 
tonium in laboratory and production facilities, 
there is no evidence that  the mean dose lung 
model on \vhich occupational radiation protec- 
tion standards for plutonium a re  based is 
grossly in error or leads to hazardous prac- 
tices. Currently available data from occupa- 
tionally exposed persons indicate that  the non- 
homogeneous dose distribution f rom inhaled 
plutonium does not result in demonstrably 
greater risk than that  assumed for a uniform 
dose distribution. Thus, empirical considera- 
tions lead to the conclusion that  the nonuni- 
form dose distribution of plutonium particles 
in the lung is not more hazardous and may be 
less hazardous than if the plutonium were uni- 
formly distributed and that  the mean dose lung 
model is a radiobiologically sound basis for es- 
tablishment ol' plutonium standards. 





I. STATEMENT OF THE PROBLEM 

The nonuniform distribution of radionu- 
clides and the attendant biological response of 
tissues a t  risk relative to the spatial distribu- 
tion of the absorbed energy have been of inter- 
est for  many decades to the scientific commu- 
nity, particularly those individuals and groups 
charged with the responsibility for derivation 
of exposure standards. Permissible limits for 
the respiratory intake of radioactive materials 
are  commonly calculated on the assumption of 
complete absorption of the radiation energy by 
the critical organ. Further, i t  is implicitly as- 
sumed that  there is a uniform distribution of 
the energy per gram of tissue throughout the 
critical organ. This particular situation raises 
the interesting question a s  to the probability of 
a unique hazard to the respiratory tissues for  
a given amount of inhaled radioactive material 
distributed in the form of small, discrete, radio- 
active particles or  aggregates a s  compared 
with a more homogeneous distribution. Stated 
in another way: for  the same amount of radio- 
active material, is the biological harm to the 
lung greater or less when the energy is concen- 
trated into very small tissue volumes than 
when the energy is absorbed by the entire 
organ? For  alpha and some other radiations, 
the distribution of energy will be nonuniform 
and consequently concentrated about the parti- 
cles, thereby producing intense radiation doses 
to the nearby cells. For the case of nonuniform 
distribution of alpha-emitting materials in the 
lung, the initial biological interaction is that  of 
an  extremely large energy deposition in a very 
small tissue volume. For such situations, the 
use of the organ-mean dose concept for radia- 
tion protection has been seriously questioned. 

At present the recommended dose limit (oc- 
cupational exposure) for lung is 15 rem/year; 
the quantity of 2 3 8 P ~  required to deliver this 

dose equivalent rate, if one uses the currently 
accepted method of assuming homogeneous ab- 
sorption of energy throughout the entire 1-ung, 
is 0.016 &i. However, as shown in Table I, the 
number of cells which absorb the energy is a 
function of the size of the particles comprising 
the 0.016 pCi. As the particle size increases 
there are  fewer particles and, therefore, fewer 
cells are  irradiated but a t  progressively in- 
creasing dose rates. 

The theoretical aspects of dosimetry and on- 
cogenesis, re!sults of animal experiments, and 
30 years experience with humar beings occu- 
pationally exposed to plutonium will be exam- 
ined to asser;s the relative hazards of nonuni- 
form and uniform distribution of alpha 
radiation in lung and other tissue. This assess- 
ment will be applied to  a n  evaluation of the 
currently accepted practice of averaging the 
radiation dose throughout the lung, or other 
organs as  appropriate, for  purposes of quanti- 
tating the biological effects of inhaled pluto- 
ninum and for establishing radiation protection 
standards. 

Table I 

RELATIONSHIP OF PARTICLE SIZE TO NUMBER 
OF CELLS AT RISK FOR A STATIC LUNG 

BURDEN OF 0.016 &Ci '"Pu02* 

Particle Number of Activity per Cells at Fraction of 
diameter particles particle risk luna 

Assuming static particles in a structureless human lung of m i -  
form density 0.2 y em-' with an avernve cell volume of lo3 ym'. 
Cells at risk are taken to be those in H snhere of radius wual  to 
the aluha range (200 pm at the assumed density). 





11. BACKGROUND 

The nonuniform distribution of radiation 
dose within the body and within tissues of the 
body has been of long standing interest to  
those concerned with the potential exposure of 
persons to radiation, especially from radionu- 
clides. Almost every kind of radiation expo- 
sure, whether i t  be for diagnostic or  therapeu- 
tic purposes, from accidental occupational 
exposures, from fallout radionuclides, or from 
natural background radiations, results in non- 
uniform absorption of energy within the body. 
In 1969, an International Commission on Ra- 
diological Protection Task Group (ICRP, 
1969) identified three classes of nonuniform- 
ity of dose : 

"( i )  Partial irradiation of an organ or tissue, 
where the part irradiated is representative of the 
whole organ or tissue, as in external irradiation 
of skin or bone marrow." 

" (ii)  Partial irradiation, where the part irradi- 
ated is not representative of the whole. This often 
occurs with internal emitters, such as bone-seeking 
radioactive materials in bone, where certain loca- 
tions and cell types are preferentially irradiated. 
A special case of this class is irradiation by short- 
range emitters metabolically localized in structures 
which are biologically very important, for instance, 
tritiated thymidine in DNA." 

"(iii) Irradiation from radioactive materials in 
particulate form." 

This report will deal with the third class, 
which is the common situation following the 
deposition of radioactive materials in the res- 
piratory tract. 

The decision to use the average dose to the 
lung* (and other organs) has been consistently 
maintained over three decades by numerous or- 
ganizations and individuals. The bodies respon- 
sible for such recommendations have not ig- 
nored the subject during these decades, but, 

* The average radiation dose is calculated by assum- 
ing the complete and homogenous absorption of energy 
throughout the entire organ. An exception to this ap- 
proach is the calculation of dose resulting from the in- 
halation of radon daughters. 

rather, have periodically reviewed the relevant 
human and experimental data and have main- 
tained their position - that nonhomogeneous 
dose distribution does not result in a demons- 
trably greater. risk than does uniform dose dis- 
tribution. Thus, there has been recognition, if 
not complete resolution, of this problem since 
the 1940's. In the early days of the Manhattan 
Project, the concern for the problem of nonuni- 
form dose distribution led to studies of ra- 
dionuclides inhaled or deposited on skin. In 
fact, interest in nonuniform dose distribution 
in animals and man predates the discovery of 
plutonium in 1941 because of the occupational 
and medical e:uposures to 22Ra .  

At the Chalk River Tri-Partite Conference 
attended by scientists from the United States, 
the United Kingdom, and Canada (McMurtrie, 
1950), Dr. Hamilton pointed out, in relation to 
the possible pathological effects of radioactive 
particulates in the lungs, that  cells in the im- 
mediate neighborhood of a dust particle con- 
taining 1 or  2: percent of plutonium would be 
subjected to a. dose of about 400 r/day. The 
general opinion which emerged from the dis- 
cussion was that the  carcinogenic effect per 
unit volume ir; probably considerably less for 
the irradiation of small masses of tissue than 
for large. 

The National Academy of Sciences-National 
Research Council considered the question of 
nonuniform dose distribution in Publication 
848, Effects of Inhaled Radioactive Particles 
(NAS-NRC, 1961a). This publication pointed 
out that lung exposures a re  often expressed as  
mean dose to Ithe lung by calculating the dose 
assuming uniform distribution of radioactive 
material throughout the lung, although uni- 
form distributiion of inhaled particles is not ob- 
served in practice. The report also stated that  
because local concentration of particles results 
in nonuniform distribution of energy, the dose 



delivered t o  small volumes of lung tissue could 
vary by several orders of magnitude above and 
below the mean value and, therefore, the calcu- 
lated mean dose to the lung should be used 
with caution in estimating biological effects. 

Report 848 also contains specific discussions 
of point sources and tumor production and the 
then current status of the radioactive particle 
hazard evaluation. I t  also recognized a s  unre- 
solved the  effect of the spatial distribution of 
the  radiation on pulmonary tumorigenesis. I t  
was not known whether differences in tumor 
production were due to the particular tissue in 
which the  deposition occurs or  to the localiza- 
tion and resulting strong irradiation of the tis- 
sue. The skin experiments, cited in Report 848. 
using radioactive point sources a s  compared 
with flat plates indicated that,  in the range 
where extremely large doses a re  given, with 
consequent killing of cells, tumor production 
was considerably lessened fo r  localized sources. 
The report, however, states t ha t  these experi- 
ments shed no light on the localization of 
smaller quantities of materials where the dose 
ra te  is not adequate to definitely kill the cells 
within a given rallge of the radioactive mate- 
rial. 

port s tates  t ha t  the available information i s  
not adequate to define differences in  hazard be- 
tween focal and diffuse radiation. 

The question of nonuniform dose distribu- 
tion was addressed also in the BEIR Report 
(NAS-NRC, 1972). A statement is made tha t  
an  important issue is whether local o r  "hot 
spot" radiation doses a re  more effective in pro- 
ducing cancer of the respiratory t rac t  as com- 
pared with uniform radiation exposure to  the 
entire respiratory epithelium. The report cites 
the work of Grossman et  al. (1971), in which 
?loPo chloride was given intratracheally either 
alone o r  with hematite particles, a s  being per- 
tinent to the issue. Because polonium solution 
alone was a s  effective a s  polonium given with 
hematite, the authors of the BEIR Report 
thought t ha t  i t  may be inferred tha t  a higher 
localized dose from alpha particles was not 
more carcinogenic than the same mean tissue 
dose delivered more uniformly to critical cells. 

The 1971 report of the National Council on 
Radiation Protection and Measurements, enti- 
tled Basic Radiation Protection Criteria 
(NCRP, 1971), contains a concept of "signifi- 
cant  volume" over which radiation dose should 
be averaged. The report states : 

The subject of energy distribution also was 
considered in the National Academy of Sci- 
ences-National Research Council Report of the 
Subcommittee on Internal Emitters of the 
Committee on Pathological Effects of Atomic 
Radiation (NAS-NRC, 1961b). In chapter IV, 
entitled Special Problems, the report states 
tha t  there a r e  good reasons to  believe that,  
when radiation is uniformly delivered to tis- 
sues, the biological effects may differ from 
those observed when the radiation arises from 
focal aggregations of radioactive material 
(point sources) (Marshall and Finkel, 1959, 
1960). In the latter case, dose rates close to the 
point source would be different from those 
near  the end of the range of the particles with 
an  extremely high dose rate  found near the or- 
igin. The report notes tha t  spatial differences 
in dose may have considerable importance if 
the relationship between biological injury and 
energy absorbed is not linear. 

The NAS-NRC report (1961b) pointed out 
that  spatial distribution of dose is of signifi- 
cance when particular tissu-e elements a re  
selectively irradiated, and insofar a s  the rela- 
tion between dose and the degree o r  probabil- 
ity of any type of injury is not linear. The re- 

"Simplifications in practice hinge largely on re- 
porting a single representative protection dose f o r  
a l imiting organ system even when the  ac tual  i r r a -  
diation is  grossly non-uniform. The  representative 
dose is  taken a s  the  highest t h a t  can be obtained by 
averaging over a prescribed significant volume. The 
implication of th is  concept, or  a t  least  the  conven- 
tion t h a t  is  followed, is  t h a t  a n y  redistribution of 
a given dose within such a volume does not ma-  
terially a l t e r  the  radiation response. I t  i s  usually 
assumed t h a t  the  'significant volume' should be of 
the  order of one cubic centimeter. Th i s  will be 
grossly conservative under most circumstances, and 
in special si tuations use of a l a rge r  volume is 
justified." 

As indicated in the NCRP report, there a re  
some cases in which choice of significant vol- 
umes or  areas a re  virtually meaningless. For  
example, the averaging of dose over the entire 
lung or  over one cubic centimeter may have lit- 
tle meaning if a single radioactive particle in 
the lung or  lymph node can be carcinogenic. 

The ICRP periodically has addressed this 
subject of nonuniform dose distribution, 
usually by special groups commissioned by the 
ICRP to study the  question. In its Publication 
9 (ICRP, 1966), the ICRP pointed out tha t  for  
the case of nonhomogeneous distribution of 
absorbed dose in the lung, a n  estimate of the 



Dose Equivalent to the whole lung as  deter- 
mined merely by the product of QF and the 
mean absorbed dose might be greatly in error 
but full understanding of this problem must 
await further experimental evidence. The re- 
port indicated that  there was no clear evidence 
to show whether, for  a given mean absorbed 
dose, the biological risk associated with a non- 
homogeneous distribution is greater or less 
than the risk resulting from a more diffuse 
distribution of that  dose in the lung. 

The authors of the ICRP report point out 
that  the problems of high local concentration 
of dose are  most severe for radioactive parti- 
cles, especially alpha-emitters, in tissue where 
the local dose can reach very high levels even 
though the mean tissue dose may be very low. 
They state that  one cannot assume that  linear- 
i ty of radiation dose and effect will hold at 
these high doses and dose rates yet there may 
be a great deal of cell death, particularly for 
the short well-defined range of alpha particle 
irradiation, and the number of affected but 
viable cells may be small as  compared with the 
number of killed cells. 

The report (ICRP, 1966) states : 

"On the  basis of general considerations and of 
some experimental data  and clinical experience the  
Task Group were of the opinion tha t ,  fo r  late 
effects, the  same radiation energy absorption might 
well be less effective when distributed a s  a series of 
'hot spots' than when uniformly distributed. Thus, 
with particulate radioactive sources within a tissue, 
a mean tissue dose would probably introduce a fac- 
tor  of safety. However, a severe practical problem 
has  now been recognized in connection with the 
inhalation of plutonium particulates, and is now 
being considered in  detail by a Task Group of 
Committee 1 of ICRP." 

Current radiation protection standards for  
limiting radiation dose to  the lung from inter- 
nally deposited radioactive materials continue 
to be based upon our collecting knowledge of 
the effects of radiation on the lung. Calcula- 
tions of the average dose to lung tissue as  a 
correlative step between biological effects and 
a quantity of radionuclides have been based on 
the assumption that  the absorption of energy 
is uniform throughout the mass of tissue. I t  is 
well known that  this situation does not exist 
for "insoluble" radionuclides which can pro- 
duce focal spots of high levels of radiation 
close to the particle, with the level decreasing 
with distance in a pattern depending upon the 
quality and energy of the radiation. Also well 
known is the fact that  postulated cases of uni- 
form distribution of energy for "soluble" radio- 
active materials seldom, if ever, occur. 

Since the opinions of the standard setting 
bodies were expressed, additional data have ac- 
cumulated which bear on the problem and will 
be discussed in the sections to follow. While 
the question of nonuniformity of dose cannot 
be answered unequivocally, these new data 
tend to support the conclusion expressed by the 
ICRP Task Group (ICRP, 1969) that  for radio- 
active particles "a mean tissue dose would 
probably introduce a factor of safety." 

Thus, i t  is clear that  nonuniform distribu- 
tion of ~~adia t ion dose has been examined con- 
tinually by national and international standard 
setting bodies. The fact that  these organiza- 
tions have not changed or recommended 
changes in the procedures used for calculating 
dose to the lung as the result of their delibera- 
t ions  is a n  indication of implicit guidance on 
this particular problem. 





111. ANIMAL STUDIES 

The disposition and biological effects of in- 
haled plutonium and other radionuclides have 
been reviewed recently (Buldakov et al., 1969; 
Sanders et  al., 1970; Bair et al., 1973; Bair, 
1974; Healy, 1974). Therefore, attention will be 
given only to those experimental data relevant 
to spatial distribution of radiation dose from 
inhaled radionuclides. 

A. Retention of Plutonium in Lung 

Airborne radioactive particles are similar to  
most other particles when they are inhaled in 
that  deposition in the respiratory tract is pri- 
marily dependent upon the physical properties 
of the particles and the respiratory character- -. istics of the individual inhaling the particles. 
The ICRP Task Group on Lung Dynamics 
(Morrow e t  al., 1966) dealt with the deposition 
of particles in the respiratory tract in consid- 
erable detail. 

Within the first week after  exposure, a frac- 
tion of the deposited plutonium is cleared from 
the respiratory tract and excreted. The amount 
of plutonium cleared depends upon the fraction 
of readily solubilized material present and the 
distribution of the plutonium within the respi- 
ratory tract. Plutonium deposited upon the cil- 
iated epithelium of the upper respiratory tract 
may be trapped in mucus and transported to 
the esophagus and swallowed. Plutonium de- 
posited in the lower regions of the lung is not 
readily available for clearance and may be in- 
corporated into the cellular structures of the 
lung and retained for a long time. 

The kinetics of the clearance of plutonium 
from lung are  complicated and difficult to 
quantitate. Because the clearance of plutonium 
from the lower lung appears to be exponential 
with time over a reasonably long period after 
exposure, retention half-times are  estimated. 
Animal experiments and limited human data 

provide a range of values for the retention 
half-times of several plutonium compounds, 
Figure 111-1. The retention half-times for or- 
ganic complexes of plutonium, plutonium ni- 
trate and plutonium fluoride range from less 
than 100 days to  about 300 days in rats and 
dogs. The retention half-times for PuO, are  
substantially longer, ranging from 200 to 500 
days in rat:;, 300 to 1000 days in dogs and 250 
to 300 days in human beings. The wide range 
of values for dogs is largely due t o  extensive 
experimentation with a variety of plutonium 
oxides with different physical characteristics. 
For examplle, PuOz calcined a t  high tempera- 
tures is cleared more slowly than air  oxidized 
plutonium; PuO, comprised of large particles 
(-- 3 pm AMAD) tend to be cleared more 
slowly than aerosols of small particles (+ 0.1 
pm AMAD) ; and 2 3 8 P ~ O z  has a much shorter 
lung retention time than 2"Tu0,. The relative- 
ly low valut? for  human beings, compared with 
dogs, suggests either that  man clears pluto- 
nium particles from his lung faster than dogs 
do or that  the materials inhaled in the human 

RETENTION OF I'LUTONIUM IN PULMONARY REGION OF LUNG 
UIYU 
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Figure 111-1.--Retention of Plutonium in Pulmonary 
Region of Lung. Ranges of published values for re- 
tention half-times are indicated for each animal spe- 
cies and plul:onium compound (Bair, in press). 



accident cases, from which these data were ob- 
tained, were more soluble than plutonium diox- 
ide. 

Plutonium appears to be retained in the 
lower respiratory tract longer than most other 
materials that  have been studied. Thorium 
dioxide and ruthenium dioxide show retention 
half-times comparable to those observed for  
plutonium. Uranium-oxide, cerium oxide and 
other metal oxides are  retained-at half-times of 
less than 200 days, some less than 100 days. 
The reason for the relatively long retention 
time of plutonium is not known, but may be 
due to  its low solubility in tissue fluids, chemi- 
cal binding with proteins and other constitu- 
ents of lung, and the cytotoxic action of the 
emitted alpha radiation. 

B. Spatial Distribution of Plutonium Within 
Lung 

From the moment plutonium is deposited in 
the respiratory tract, biological and physical 
forces are  a t  work to cause the removal of the 
plutonium. That these forces are  not as effec- 
tive for plutonium as for other inhaled mate- 
rial is indicated by the relatively long reten- 
tion half-times observed fo r  plutonium. 
Particles deposited in alveolar spaces may be 
cleared via the lymphatic system, mucociliary 
pathway of the tracheobronchial tree, or by 
dissolution and absorption into blood. With all 
of these processes a t  work removing plutonium 
from lung, although a t  low rates, i t  is difficult 
to visualize plutonium remaining static 
throughout its residence time in the lung. 
Techniques have not been developed to docu- 
ment the course of individual particles and ag- 
gregates of plutonium in lung. However, the 
temporal and spatial characteristics of pluto- 
nium within tissues can be inferred from auto- 
radiographs of tissue sections prepared from 
animals exposed to plutonium aerosols. 

The first observation is that  plutonium and 
especially insoluble plutoniun~ compounds a re  
nonuniformly deposited throughout lung. Fur-  
ther, plutonium may deposit unequally among 
the lung lobes or among portions of lung lobes. 
Deposition of plutonium following inhalation, 
however, is more uniform than after  intratra- 
cheal injection-an experimental technique 
often used when exposure of animals to pluto- 
nium aerosols is not feasible. Studies of inhaled 
plutonium nitrate in both rats  and dogs show 

that  immediately following the inhalation ex- 
posure, plutonium is pfesent in both particu- 
late and nonparticulate forms (Koshurnikova 
et  al., 1971; Sanders e t  al., 1971; Ballou and 
Park, 1972; Lafuma, 1974), as evidenced by 
the presence of alpha stars and single tracks in 
autoradiographs, Figure 111-2. Autoradio- 
graphs from dogs exposed to inhaled 239P~02  
show an initial relatively diffuse distribution 
of plutonium throughout the entire lung 
(Clarke et al., 1966). 

Plutonium not rapidly removed from the 
respiratory tract  by the mucociliary pathway 
or by absorption into the blood, may be en- 
gulfed by macrophages. Phagocytosis of parti- 
cles deposited on the non-ciliated epithelium 
distal to the terminal bronchioles and in the al- 
veoli usually occurs very rapidly (Sanders, 
1969). The alveoli of the lung contain reticu- 
loendothelial cells derived in part  from circu- 
lating monocytes. These reticuloendothelial 
cells consist of mononuclear cells and histio- 
cytes within the septa1 walls and alveolar mac- 
rophages in the air  spaces, all of which are  ca- 
pable of phagocytizing plutonium. 

Phagocytized plutonium particles are  rapidly 
localized in the phagolysosomes of 
reticuloendothelial cells (Sanders and Adee, 
1970). While the mechanism is not known 
(Casarett and Milley, 1964), the alveolar mac- 
rophage appears to  be capable of transporting 
plutonium from the alveoli to the ciliated epi- 
thelium of the bronchioles. These phagocytic 
cells containing plutonium particles and aggre- 
gates can then be removed from the lung in 
the mucous blanket which is propelled up the 
respiratory passage by ciliary action. This 
mechanism of clearing plutonium from the 
lung is important early af ter  an  inhalation ex- 
posure and apparently continues to function 
long afterward, a s  evidenced by the appear- 
ance of macrophages containing plutonium in 
lung lavage fluid a t  long times after  exposure 
(Sanders and Adee, 1968), and by the contin- 
ued appearance of plutonium in feces, although 
the latter is only circumstantial evidence. 

Both soluble and insoluble plutonium not im- 
mediately cleared from the lung tend to  be- 
come further aggregated. This mobility and 
aggregation of plutonium may have large ef- 
fects on the temporal and spatial distribution 
of the alpha radiation dose. A few days after 
inhalation of plutonium nitrate, single tracks 
in autoradiographs decrease, Figure 111-3, 



Figure 111-2.-Autoradiograph of lung section from dog Figure 111-4.-.Autoradiograph of lung section from dog 
1 day af ter  inhalation of 239Pu(N03)4. 320X. (Pro- several weeks af ter  inhaling 2"Pu(N0:+)4. 120X. (Pro- 
vided by J. E. Ballou, Battelle-Northwest). vided by J. E. Ballou, Battelle-Northwest). 

Figure 
days 
by J. 

111-3.-Autoradiograph of lung from dog 14  
af ter  inhalation of 23Tu(NO:3)4. 320X. (Provided 
E. Ballou, Rattelle-Northwest). 

and after  several weeks nearly all of the plu- 
tonium appears to be aggregated, Figure 
1114. I t  is not known whether this represents 
continued aggregation, perhaps by chemical 
binding, of the plutonium in the lung or  
whether aggregation only appears to be in- 
creased as the non-aggregated plutonium is ab- 
sorbed into the blood and thus disappears from 
the lung leaving only the aggregates. 

Plutonium particles, and to a lesser extent 
aggregates of soluble plutonium, are trans- 
ported to thoracic lymph nodes. Clearance of 
particles to lymph nodes occurs vic~ lymphatic 
vessels in the thorax that  drain interstitial 
spaces. Particles either penetrate the intersti- 
tium directly or gain access by transport in 
phagocytic cells (Morrow and Casarett, 1961; 
Casarett and Milley, 1964). Autoradiographs 

Figure 111-5.-Autoradiograph of lung section from dog 
several months after inhalation of 23!'P~02, showing 
subpleural concentration of plutonium particles. 320X. 
(Provided by G. E. Dagle, Battelle-Northwest). 

Figure 111-6.-.4utoradiograph of lung section from dog 
several months after inhalation of ~:I!IPuO~, showing 
peribronchiolar accumulation of plutonium particles. 
50X. (Provided by G. E. Dagle, Hattelle-Northwest). 



of lung tissues taken from dogs several weeks 
and months after  inhalation of PuO, show 
alpha stars concentrated in subpleural areas, 
apparently in lymphatic vessels, Figure 111-5. 
Autoradiographs also suggest that  some plu- 
tonium particles become imnlobilized in scar 
tissue in subpleural areas. Plutonium particles 
transported to lymph nodes are  deposited in 
lymphatic sinuses of subcapsular and medul- 
lary areas. The particles eventually appear 
sequestered in "hot spots" of scar tissue and 
do not appear t o  be mobile. The residence time 
for plutonium in lymph nodes appears to be 
very long; there is no direct evidence for clear- 
ance of inhaled plutonium particles from tho- 
racic lymph nodes although clearance of plu- 
tonium from cervical lymph nodes of dogs 
after  subcutaneous injection (Lebel et al., 
1972) and from mesenteric lymph nodes of 
rats  after intraperitoneal injection (Sanders, 
1974) has been reported. 

Plutonium particles not phagocytized by al- 
veolar macrophages and removed by the muco- 
ciliary pathway or transported to the lymphat- 
ics can be found in Type I alveolar epithelial 
cells and in peribronchiolar vascular areas, 
Figure 111-6. There is  autoradiographic evi- 
dence of particles being immobilized in scar 
tissue in the alveolar. and peribronchiolar 
areas. Although Type I alveolar epithelial cells 
phagocytize plutonium particles rapidly- 
within a few hours after deposition (Sanders 
and Adee, 1970), the fate of particles phagocy- 
tized by these cells is not known. The Type I 
cells do appear to be relatively radioresistant 
to alpha irradiation (Sanders e t  al., 1971). I t  
is possible that  plutoniunl particles, other than 
those in lymphatics or trapped in scar tissue, 
retained in the lung for long periods, are cy- 
cled t l i r l~ugh generations of Type I or other 
cells. 

Type I1 alveolar epithelial cells, or the so- 
called "granular pneumonocytes," do not ])hag- 
ocytize plutonium particles (Sanders et nl., 
1971) and, thus, do not Pppear to be directly 
involved in clearance of plutonium from lung. 

The i~itracellular localization of plutonium 
particles within pulmonary macrophages has 
been demonstrated by autoradiography of 
smears from pulmonary lavage fluid and of 
lur~g sections (Sanders, 1969). Lesions in mac- 
rophages have been observed as early as one 
hour after phagocytosis of large amounts of 
plutonium. 

There is much experimental evidence for 
the absorption of plutonium into the blood al- 
most immediately after deposition of soluble 
and even "insoluble" plutonium compounds in 
the respiratory tract (Bair and McClanahan, 
1961; Bair and Willard, 1961). In experimental 
however, it is not known ivhether the pluto- 
nium can be found in the circulating blood; 
however, it is not know whether the pluto- 
nium has been absorbed from the lung directly 
or reabsorbed from liver or bone to which the 
plutonium had been translocated previously 
from the lung. Plutonium is also continuously 
excreted in urine after an  inhalation exposure. 
Again it is not known whether the origin is 
the lung directly or  the secondary liver and 
bone pools. Mercer (1967) suggested that  dis- 
solution of plutonium particles deposited in the 
deep alveolar lung region was the major path- 
way for clearence and that dissolution rates 
were directly proportional to the surface area 
of the particles and their chemical composition. 
I t  seems certain that  dissolution of plutonium 
particles and aggregates does occur in the 
lung, although a t  low rates, and accounts for 
a t  least some of the mobility of plutonium in 
the lung as  well as  clearance from the lung. 

Although the kinetics are  unknown and even 
a qualitative description is still rather primi- 
tive, there is ample evidence that  plutonium 
deposited in lung is subjected to biological and 
physical forces. This argues against either par- 
ticles or aggregates of plutonium remaining 
static indefinitely, except for the plutonium 
that  becomes immobilized in scar tissue. To the 
cont~.at..v, while the rates may be low, move- 
ment of plutonium within lung tissues, by sev- 
eral mechanisms, certainly occurs, a s  the lung 
attempts to expel the plutonium and other for- 
eign m:~tel,i:il. The mi~ra t ion  of  tieposited 
plutonium particles in lung is recognized in the 
ITSSR as a t  least 1)al.tially compens;iting for 
the nonuniformity of the lxdiation exposure 
from plutonium  articles and  justifying accep- 
tance of' the concept of avet,;iging the lxdiation 
dose ovel. the entire lung mass (Zalmanzon and 
Chutkiti, 1971). 

C. Puln~onary Neoplasia 

High doses of inhaled plutonium i l l  experi- 
mental animals have been shown t o  cause se- 
vere radiation pneumonitis and fibrosis 
resulting in early death due to respiratory in- 



sufficiency ( Bair et  d., 1973). Lymphopenia is 
the earliest response seen in animals after in- 
halation of PuO, and has been observed in dogs 
with total lung deposition of 0.08 &i (Park et 
al., 1974). Cancer is a potential long-term re- 
sponse to plutonium in the  body and has been 
observed in experimental animals to occur in 
lung, bone and liver, all of which are major 
repositories of plutonium deposited in the res- 
piratory tract (Bair, 1974). However, lung 
cancer is the biological response of most rele- 
vance to this discussion of the spatial distribu- 
tion of radiation dose from inhaled plutonium. 

Experimental data on plutonium-induced 
lung cancer are summarized in Table 111-A. In  
rats  exposed to ammonium plutonium penta- 
carbonate or  plutonium citrate, the incidence 
of pulmonary neoplasia was about 10% at 
doses of the order of 0.01 &i/g of lung, and 
above 30% a t  0.015 to 0.026 tLCi/g lung. The 
lung tumors were squamous cell carcinomas, 
adenocarcinomas, and hemangiosarcomas. 
Sixty to 100% of the animals in the range of 
doses studied (40 to 7320 rads) developed pul- 
monary sclerosis. The maximum incidence of 
malignant neoplasms in the lungs ( 3 0 4 7 % )  
was observed a t  an absorbed dose of 500-1000 
rads. Studies with soluble plutonium in dogs 
have been concerned with acute effects and no 
tumors have been reported. Plutonium-239 
oxide caused pulmonary neoplasia in mice 
given doses by intratracheal injection ranging 
from 0.02 to 1.0 &i/gram lung (Wager e t  c t l . ,  
1956; Temple et al., 1959, 1960). One tumor 
was seen in a mouse that  inhaled about 0.25t~Ci 
2''''Pu0, per gram lung (Bair, 1960). In a larger 
study with nearly 800 mice that  inhaled about 
0.1 to 2 nCi per gram (Bair et al., 1962), there 
was no shortening of life-span and no evidence 
of pulmonary neoplasia in the animals avail- 
able for histopathological examination. Rats 
showed a 50% tumor incidence a t  inhaled 
(through a glass tube inserted into the tra- 
chea) 2'''Pu0, doses of about 0.2 FCi,'gi'am lung 
(Lisco, 1959) . These tumors were epidermoid 
carcinomas, adenocarcinomas, and hemangioen- 
dotheliomas. No primary tumors of thoracic 
lymph nodes were seen in  any of the rodent ex- 
periments. 

In beagle dogs given a 10-30 minute expo- 
sure to 2"PuO-, deposition of more than 0.1 
{'Ci/g lung caused death ivithill about a pear 
due to respiratory insufficiency (Park et nl., 
1972). Thirty dogs died between 55 and 412 

days postexposure due t o  plutonium-induced 
pulmonary edema, fibrosis, and bronchiolar and 
alveolar epithelial hyperplasia and metaplasia. 
The subsequent severe respiratory insufficiency 
was characterized by progressive hypercapnia 
and hypoxia~. In another experiment with 40 
dogs, 32 died o r  were sacrificed when death 
was imminent. Five were sacrificed for study 
of plutoniuni distribution in tissues. Of the 32 
deaths, 30 were due t o  plutonium-induced pul- 
monary fibrosis and/or neoplasia. The three re- 
maining dogs have died and all grossly showed 
lung tumors; however, the histopathology and 
radiochemistry results are  incomplete (Park 
and Bair, 1974). Twenty-four dogs had pulmo- 
nary neoplasia in addition to fibrotic and meta- 
plastic lesions, Figure 111-7. The survival 
times of these dogs are plotted as  a function of 
the estimated amount of plutonium initially de- 
posited in the alveolar regions of the lungs of 
the dogs, expressed as nCi/g of blood-free lung. 
The curve vras fitted to all the data by least 
squares analyses to describe the relationship 
between quantity of plutonium deposited and 
the time of death due to pulmonary neoplasia 
and/or pulmonary fibrosis-induced respiratory 
insufficiency. Another curve was fitted to just 
the pulmonary neoplasia data points by least 
squares analyses. In these dogs the develop- 
ment and growth of the pulmonary neoplasms 
were followed radiographically. In all cases 
tumors appeared to  originate in the periphery 
of the lung, the location of most of the pluto- 
nium. This observation is consistent with the 
histopathology which showed that  the predomi- 
nant tumor type \<-as bronchiolar-alveolar car- 
cinoma. Epi~dermoid tumors similar to those 
genel-ally attributed to cigarette smoking 
and/or exposure to radon daughters as in ura- 
nium miners, were incidental findings in a few 
dogs which also had broncliiolar-alveolar carci- 
noma (Howard, 1970). The estimated initial 
ali7eolal- deposition in the dogs with pluto- 
nium-inducecl ~~ulmonary neoplasia was 0.2 to 
3.3 &i or 3 to 45 pCi/gram of )Jloodless lung. 
Metastasis occurred to thoracic lymph nodes 
and to many ,systemic organs. 

In addition to bronchiolar-alveolar carcino- 
mas, other types of tumors firelse incidental 
findings in several dogs. Two dogs developed 
benign-appearing tumors of endothelial origin 
which were classified as hemangiomas. Tho- 
racic lymph nodes, as well as a few hepatic 



Table 111-A 
PLUTONIUM-INDUCED LUNG CANCER IN EXPERIMENTAL ANIMALS 

Compound 

Deposited L u n g  tumor 
in lungs Dose to Mean incidence 

Animal No. of Exposure lungs** survival 
specles animals method* (pCi) (pCi/g) ( rads)  time (days) No. % Tumor type Reference 

23upU R a t  268 Control - - - 670 f 8 1 0.39 Squamous cell Koshurnikova. 

C:itr;lte Rat  167 Inhal. 0.008 0.0026 47 636 f 3 11 7.1 cancer. adeno- Lemheru. and  
R a t  124 Inhal. 0.02 0.0067 117 686 + 12 3 2.6 carcinoma. and  Lyubchansky. 
R a t  203 Inhal. 0.04 0.013 234 645 + 11 17 8.4 hemangioaarcoma 1971 
R a t  31 Inhal. 0.08 0.026 467 646 f 22 11 36.6 
R a t  106 Inhal. 0.16 0.060 862 464 f 12 27 26.7 
Rat  113 Inhal. 0.25 0.08 1390 416 + 12 27 24 
R a t  39 Inhal. 0.36 0.12 1740 221 + 13 3 7.7 
R a t  90 Inhal. 0.51 0.17 2370 124 -+ 9 2 2.2 
R a t  12 Inhal. 0.80 0.26 3090 6 9 I f -  6 0 0 
Rat  20 Inhal. 1.03 0.34 3820 6 4 f  2 0 0 

'*Pu Rat 48 Inhal. 0.004 0.0013 41 571 + 21 2 4.2 Squamous cell Koshurnikova. 
Ammonium Rat  101 Inhnl. 0.007 0.0023 80 671 f 16 7 7 cancer, adeno- Lemhern. and  
I'lutonium Rat 91 Inhal. 0.017 0.0067 186 684 f 12 12 13.2 carcinoma. and  Lyubchansky. 
Pentn- Rat  126 1nh:il. 0.046 0.016 497 682 Ifr 11 48 38 hemangiosarcoma 1971 
carbonate R a t  8 3  Inhal. 0.15 0.06 1066 484 + 14 38 46.9 

R a t  126 Inhal. 0.25 0.08 1616 361 f 11 31 24.6 
Rat  22 Inhal. 0.35 0.12 2140 247 k 21 2 9.0 
Rat 66 Inhal. 0.46 0.16 2780 139 f 10 3 4.6 
Rat  23  Inhnl. 0.77 0.26 3900 7 8 f  7 0 0 
R a t  11 Inhnl. 1.46 0.48 7320 .." 1 r f 6  0 0 

3upu Rat  

pu(N01) .  R a t  
Rat 
Rat  
Rat  
R a t  
R a t  
Hat 
R a t  

'"Pu R a t  
Plutonyl 
Triacetate 

42 I .T.(HNOz) - 
80 I.T. 0.00042 
17 I.T. 0.0042 
22 I.T. 0.01 
88 I.T. 0.031 
69 I .T.  0.048 
62 I.T. 0.1 

108 I.T. 0.42  

86 1.T. 1 .o  

48 1.7'. 1 .O 

Squamous cell 
cancer, adeno- 
carcinoma. and  
hernanaiosarcoma 

Erokhin. 
Koshurnikova. 
Lernberg. 
Nifatov. and 
Puzyrev. 1971 

(Incidence calcu- 
lated on animals 
a t  risk) 

S ~ u a r n o u s  cell 
cancer, adeno- 
carcinoma, and  
hemangioaarcoma 

Erokhin. 
Koshurnikova. 
Lemberg. 
Nifatov. a n d  
Puzyrev. 1971 

:xupu Rabbit 8 Inhnl. -. 0 0 1431.5 f 201 -- - Mnlignant Koshurnikova. 

Arnmonium Rabbit l 3 +  I n h > ~ l .  ... 0.02 120 926.4 f 96.8 - - Lemhern, a n d  
Plutonium- Rahlbit 18 + 1nh:il. - 0.17 1010 673.9 f 74.8 ? 18.7 Lyubchansky. 
Penta- H;lbbit 20+ 1nh;ll. .- 0.50 2960 631.6 f 61.5 1 6.0 1971 
r:lr Itcrnate 

2 . ~ 4 ~ ~  Rabbit 12 1.T. . ~~ 0.65 3840 66G.i f 63.6 7 68.3 M a l i ~ n a n t  Koshurnikova. 

k'lr(NO3)+ I<i~bbit  1 3  1.T. -. 2.38 13950 428.2 f 31.2 3 23.0 Lemhera, and  
Lyubchansky. 
1911 

Mouse 17 1.T. 0.06 

hlouse 41 1.T. O.lfi 

hlouse 73 1nh;il. 0.1 

GOO 

It:tt - I .T.  11.2-1 

12 .%uamous cell 
carcinoma 

2.6 Bronchiolar 
citrcinoma 

1.4 Bronchiolar 
(.iit.cinoma 

60-100 Epiderrnoid 
adenocarcinoma 

Temple et d.. 
1969 
Wager et al.. 
1966 
Temple et al . .  
1969 
Bair, 1960 

Lisco, 1969 

87.5 Bronchiolar- 
84 alveolar 
67 c:it.cinomn 
40 

Park  and Bair. 
1972 

:L'I'~~O. Ikit 92 r ~ h :  0 0 0 82.5 1 1.1 Dose calculated Sanders. 1973 
R:it 30 r h l .  0.00.5 0.002 9 650 2 6.6 t o  700 days a f te r  
I<n t 30 1nh;il. 0.018 0.00i2 32 675 7 23.3 exrwsure 
Rat 32 Inh:~l .  0.2 0.092 376 550 8 26.0 

- - -. . - - -. -- -- .- - -- .- - 
1nh:~l. -- Inhaled: I .T .  = intmtrnche:~l  injection. 

* *  Cnlcul:tted to time of death unless otherwise noted. Mean o r w n  dose. 



nodes, showed sclerotic lesions associated with 
accumulated plutonium. Three dogs had tho- 
racic lymph node lesions of endothelial origin 
classified as hemangiosarcoma, lymphangio- 
sarcoma and endothelioma. Another dog had 
a possible malignant lymphoma involving the 
mesenteric and mandibular lymph nodes. Auto- 
radiographs of these nodes showed no radio- 
activity. This isolated case is not considered to 
be associated with the plutonium exposure. 

In contrast to the results with 2 3 9 P ~ 0 2 ,  pre- 
liminary data from a study of inhaled 2 3 8 P ~ 0 2  
in dogs show a high incidence of osteosarcoma, 
although pulmonary neoplasia also occurred 
(Park et al., 1974). This is consistent with the 
observed translocation of 2 3 8 P ~  to bone follow- 
ing inhalation of 2 3 8 P ~ 0 2  in both dogs and rats. 

Sanders (1973) has recently reported on the 
carcinogenicity of inhaled 2 3 8 P ~  in rats. Three 
groups of 35 animals each inhaled an  aerosol 
of 238Pu in saline which gave initial lung bur- 
dens of 0.005 0.018 tLCi, and 0.2 pCi with 
associated cumulative radiation doses to lung of 
9 rads, 32 rads and 375 rads, respectively, a t  700 
days postexposure. However, because of the rap- 
id clearance of 2 3 8 P ~  from lung, nearly all of the 
radiation dose was delivered to lung within 30 
days after  t h e  inhalation exposure. The lung 
tumor incidence within the 0.005 group 
was not significantly different from the control 
group. Groups receiving the two higher levels 
showed a statistically significant increased in- 
cidence of tumors but no increased mortality 
rate. 

Osteosarcomas were observed in 2"Pu0, 
treated animals a t  the highest dose level only 
(i.e., greater than 50 rads accumulated dose to 
skeleton) which correlated with the transloca- 
tion of plutonium to bone. The aerosol 
(crushed Z 3 T u 0 2  microspheres) was 72% ul- 
trafilterable and was considered "soluble." Of 
the 19 pulmonary tumors found, there were 14 
bronchiolar-alveolar tumors, two mixed carci- 
nomas, one epidermoid carcinoma, one undif- 
ferentiated carcinoma and one malignant lym- 
phoma. 

There a re  limited data available on 
plutonium inhalation by nonhuman primates. 
Metivier et al. (1972) reported studies in 
which 19 baboons (Papio papio) were ex- 
posed a t  2-3 years ofi age t o  an aerosol of 
2 3 9 P ~ 0 ,  with a count median diameter of 0.5 
pm. The total lung burden a t  the time of death 
ranged from 0.01 to 0.1 pCi per gram of fresh 

R E L A T I O N S H I P  BETWEEN THE Q U A N T I T Y  OF 2 3 9 ~ u 0 2  
D E P O S I T E D  A N D  S U R V I V A L  T I M E  OF D O G S  

o P U L M O N A R Y  F I B R O S I S  

13 
Y E A R S  

10 

*I 

L . . I . . . .  1 . . . I .  ... I . . . i l  .. J 1 
10 100 1000 1 0 , 0 0 0  

S U F ! V I V A L  T I M E ,  t ( D A Y S  AFTER E X P O S U R E )  

Figure 111-7.--Relationship between quantity of "!11'uO2 
deposited anld survival time of dogs, Park et 111.. 1972. 

lung. Translocatjon was largely to tracheo- 
bronchial lyinph nodes. All of the baboons had 
radiation pneumonitis. In addition, two epider- 
moid carcinomas of about 1.0 cm diameter 
were found after 80 days and two mucous-se- 
creting adenocarcinomas of the same size were 
found after 180 days. Animals living past 80 
days postex~~osure showed extensive areas of 
squamous metaplasia or  nests of small ''tumor- 
lets." The authors concluded that baboons may 
be more sensitive than dogs to acute internal 
alpha irradiakion. 

Figure II[-8 shows the incidence of lung 
cancer in the animal experiments descril~ed 
above as a function of the calculated total 
mean radiation dose to the lung. These data 
show an increased incidence of ra t  lung cancer 
occurring with doses as low as 10 rads. In rats 
and mice, the peak incidence probably occurs 
a t  doses between 200 and 1000 rads. The re- 
sults from the only dog expel-iment show 
higher incidences than have been obseiaved in 
rats. 

The marked histopathologic changes in 
tracheobronchial and mediastinal lymph nodes 
of dogs that have inhaled plutoniuin (Clarke 
and Bair, 1964), and those occurring is super- 
ficial cervical and axillary lymph nodes of dogs 
given plutonium implants in the subcutaneous 
fascia over tlre dorsal metacarpus (Lebel et al., 
1972) were not observed to have been detri- 



mental to the dogs. T h e  only possible exception t o  thousands of rads, t ha t  lymph nodes a r e  
is one dog given a 5.8 hCi implant of air-oxi- much less susceptible than lung tissue to the 
dized plutonium in the  dorsal metacarpus. This oncogenic action of alpha radiation from plu- 
dog showed a generalized lyn~phadenopathy tonium. 
af ter  four months and died of lymphosarcoma. 
However, because of the  early development of D. Experiments of Special Relevance to  Non- 
this lesion the authors were hesitant to attrib- uniform Dose Distribution 
ute i t  to the  plutonium (Lebel et  al., 1970; 
Watters and Lebel, 1972). The calculated ra- 
diation dose to the superficial cervical lymph 
nodes was about 7000 rads. No other neo- 
plasms were observed in these dogs, but they 
had been a t  risk for  less than three years. In 
the plutonium inhalation studies a t  Eattelle- 
Northwest, over 50 dogs have been a t  risk five 
to 11 years ( P a r k  et al., 1972). Metastases of 
primary pulmonary tumors to tracheobronchial 
and mediastinal lymph nodes and lymphatics 
were common. However, a s  previously men- 
tioned, only one dog had :I possible malignant 
lymphoma, which was contined to the mesenteric 
and mandibular lymph nodes. I t  c:ui be con- 
cluded from the relatively numerous 1-odent and 
clog experiments with '<'Pu and 2 i "Pu  in which 
many lymph nodes have  been exl)osed to a wide 
range of doses and dose rates from background 

PLUTONIUM INDUCE0 LUNG CANCER I N  EXPERIMENTAL ANIMALS 

A number of factors influence the biological 
effects tha t  may be produced by radionuclides. 
If,  for  example, the material is readily translo- 
cated from the l u i ~ g  to other organs, the even- 
tual damage to  these other organs may well 
appear earlier than lung lesions. Thus, in con- 
sidering lung dose we are  focusing primarily 
on those materials tha t  will be retained in the 
lung for  reasonably long periods of time and 
possibly causing low dose effects such as can- 
cer. which may occur late in life. Increased in- 
cidences of pulmonary neoplasia have been ob- 
served in expel.imenta1 animals when there 
was no statistically significant shortening of 
life-span. 

In  most of the  experiments there appears to 
be a relation between the radiation dose and 
the time or  occurrence of malignancies in ani- 
mals. In general, the higher the dose rate, the 
shortel. t ime required for  cancer induction. 
Howevel., when the lung dose ra te  is too high, 
the animal will die from other causes such a s  
respiratory insufficiency before there is time 
for  cancer to occur. The data plotted in Figure 
111-8 suggest there is an  optimal dose for  the 
pl-oduction of malignancies. 

The production of early death by causes 
other than cancer can be regarded a s  a result 
of "~\~:tsted radiation" in interpretations which 
considel oncogenesis to be the most sensitive 

" end point. From this st:indpoint, doses which 
lead to death before cancer appears can be con- 

1:igur.e III-H.-r'I~~tonii ini~i~~di~ced I , L I I I K  Cancer in EX- sidered to be overkill of the ol.ganism since the 
1)c.rimental Animals. Mean incidence and radiation 
cio!:e v;clrlcs tllosc. rct,,Orlctl i n  the litt?r:ltllre. ~ i -  full expression of the oticogenic effects is not 
noniial confidence limits were c;~lculated from data attained. Fo r  a single radioactive ~a l - t ic le  of - 
i11cludt.d in thr rc,t'ert.nced lilc!rature. 
a ':"ql'~~Or--Dogs (from I'ark ;cntl Bnir, 1972)  

""'PuO, in the lung (01% other tissue), the dose 
. .. :':~:~l'~lO:-Micc ( ~ I . O I I I  Temple 6.1 (11.. 1!159, 1960) rate near the particle can be high enough to 
i" Z.i'4P~~O:->Iice (fro111 Tenil)lt (*I (I/., 1959, 1!)60) cause the death of all cells within a given rad- 
6 ~ ~ : l ~ ' u ~ ~ - - > ~ i c t ~  (from Wager 01 0/ . .1! )56)  ius even if the residence time of the particle is 
i> '.,''l'u Citrattl-ltats (froni Koshurnikova PI ccl., short. suc1, cells will not be able to rel,roduce 

1971)  
- x ~ ~ l l  Ammorliunl *)111toni1~n1 pentac;lrhollatp--~{ats and subsequently result in cancer.* ~ a d i a t i o n  
(from Iioshr~rnikova (11.. 1971)  from particles which led to such overkill 

A :."l'u-ltats (from C. L. Sanders, 1973) 
4 ~ : ~ ' ~ P ~ ~ - l l a t ~ l ' u ( N O : i )  1 ( f rom Erokhin ~t a/ . ,  1971)  * The presence of tleatl cells, cellular protlucts or + ~'~:'l'u-ltabhits-I'11(90,~) I (froni Koshurnikova fibrosis may be required 1)efm.e a cellular transfornia- 

PI al.? 1971)  
*2,,.,l,u- ltahl,its--AmmoniLIm tion can express itself a s  a cancer. However, this  con- 

bollale (from Iioshurnikova el al., 1971)  cept has not been generally accepted. 



should be less hazardous than equivalent radia- 
tion energy distributed over a large tissue vol- 
ume. In  fact, such a concept would lead imme- 
diately to the conclusion that  the larger the 
particle (in terms of activity) the less effective 
the radiation emitted would be in producing 
cancer because of the increased fraction of ra- 
diation energy wasted on dead cells. An experi- 
ment showing this effect was done by Passon- 
neau et  al., (1952) using glass beads 
containing "Sr on ra t  skin. The same amount 
of activity was used for  the same area of skin 
but the activity was distributed either in a uni- 
form flat plate, in 50 beads, in 20 beads or  in 
10 beads. The results given in Table 111-B in- 
dicate clearly a decrease in the tumor produc- 
tion efficiency as the radioactivity was concen- 
trated in fewer sources irradiating a smaller 
total area of tissue. However, the beads with 
the most radioactivity produced the largest 
number of tumors per bead and the smallest 
number of tumors per microcurie. The relevant 
parameter is tumors per microcurie because 
the basic question is how the risk from hot 
particles compares with the risk from uni- 
formly distributed radiation doses. 

Dean and Langham (1969), using data de- 
rived by Albert (1967a) on the production of 
tumors in r a t  skin, predicted on an absolute 
basis the probability of tumor production from 
various sizes of plutonium particles. The re- 
sults of this calculation predict a very high 
probability of tumor production from most 
particle sizes relative to a 0.016 &i lung bur- 
den. The experiment of Albert on ra t  skin is 
not really applicable to radioactive particles 
deposited in lung because i t  did not deal with 
particles, while Passonneau's is applicable t o  
the extent that  i t  deals with particulate radio- 
active sources, yet i t  still requires extrapola- 
tion from skin to lung. 

The recent Natural Resources Defense Coun- 
cil (NRDC) petition (Tamplin and Cochran, 
1974) uses mainly the results obtained in ra- 
diation skin experiments (Albert e t  al., 1967a, 
1967b, 1967c) to infer alpha-particle risks in 
the lung. Hence, a critical test of their hypoth- 
esis is whether a hot particle pattern of alpha 
irradiation of the skin can produce tumors. 

Two approaches have been used in skin ex- 
periments. The first was t o  determine whether 
isolated small areas of irradiated skin gave the 

with low LET radiation, electrons (Albert et 
d., 1967b), was less efficient than the large 
area exposure in producing tumors. However, 
with high LET radiation (protons) there was 
no difference (Burns et al., 1972). If these re- 
sults can be extrapolated t o  alpha radiation, 
they suggest that  the risk from particulate 
sources is  no greater than from uniformly dis- 
tributed sources. 

The second approach involved the irradia- 
tion of different depths in skin. In studies of 
electron radiation with varying energies and 
penetrating power, the occurrence of tumors 
and atrophic follicles suggested the existence 
of target cells a t  a depth of about 0.3 mm in 
the skin corresponding to the lower end of the 
resting hai r  follicle (Albert e t  al., 1967a). This 
critical depth remained constant even when the 
skin was irradiated with the hair in the grow- 
ing phase, i.e., when the follicles extend to a 
depth of 0.8 nim (Burns et al., 1973a). There 
was a quantitative association between the in- 
cidence of tuinors and atrophic follicles for 
various types of ionizing radiation, various 
spatial distributions of dose within the  skin 
and for different phases of hair growth (Al- 
bert et  al., 19617~).  A plausible explanation for 
the experimental results is that  each follicle 
has a population of stem cells a t  a depth of 0.3 
mm that  are  concerned with the production of 
sebaceous cells, and hair. These stem cells ap- 
parently constitute the most sensitive potential 
oncogeriic cell population to ionizing radiation 
in the rat skin since all the tumors were 
mainly of hair follicle origin (Albert et nl., 
1969). Neoplatstic transformation of a signifi- 
cant number of these target cells required 

Table 111-B 

TUMOR PRODUCTION IN RAT SKIN FOLLOWING 
EXPOSIJIZE TO FLAT PLATE AND POINT 

SOURCES OF "OSr/!"Y* 

Number of tumors 
-- 

Number Per Relative 
Source Activity of rats Total bead Per /rCi efficiency 
p~~ ~ - ~~ 

Flat Plate 
(1000 &Ci) 28.6 pC.i/crn2 8 g  ..- 

0.00049 1.69 
Flat Plate 
(1500 uCi) 42.9 /rCi/cmz 73 

.;O Rends SO pCi/bead 68 21 0.009 0.00031 1.00 

20 Bends 75 /rCi/bead 77 24 0.016 0.00021 0.671 

10 Beads 1.50 pCi/be:td 74 16 0.022 0.00914 0.464 

same yield of tumors per  unit a s  large-area - 

&in irradiations. The focal irradiation pattern Modified from Fassonneau c t  al. (1962)  by information given in 
NAS-NRC Publication 848 (NAS-NRC. L'JGla). 



large radiation doses which in tur; killed most 
of the target cells and thus caused follicle atro- 
phy. 

Similar studies were reported (Albert e t  al., 
1972) in which the dorsal skin of mice was ir- 
radiated with electrons in single exposures a t  
varying dose levels. Comparison of these data 
with the ra t  skin experiments showed that  the 
radiation sensitivity of the mouse skin for hair 
follicle destruction was a t  least twice that  of 
the rat,  tha t  the incidence of atrophic follicle 
formation in the mouse was considerably less 
than in the rat,  and that  as a consequence the 
incidence of epithelial skin tumors (adnexal tu- 
mors) is "markedly lower in mice than in 
rats." Thus the hair  follicles in the mouse skin 
exhibit a lesser ability to form atrophic hair 
follicles and a greater sensitivity to the lethal 
action of the radiation. Furthermore, there a re  
striking differences between strains of rats  in 
the incidence of adnexal tumors resulting from 
similar doses of electron skin irradiation (Al- 
bert et  al . ,  1961) . 

Because alpha radiation from a plutonium 
particle has a range in unit density tissue of 
only about 40 microns, the effect of focal irra- 
diation a t  different levels of the hair follicle is 
a crucial test of the recent NRDC proposal 
(Tamplin and Cochran, 197-1). Alpha irradia- 
tion of the skin from the surface to a depth 
of about 0.15 mm did not produce tumors 
(Heimbach e t  nl., 1969). This result, however, 
is consistent with the existence of a target cell 
population a t  a depth of about 0.3 inm. How- 
ever, selective irradiation of the louler end of 
the hair  follicle a t  a depth of 0.3 mm by use of 
the Bragg peak from an alpha beam did not 
produce tumors or atrophic follicles unless 
there was substantial irradiation of the entire 
follicle. This observation suggests that  even 
though the critical cell population is located a t  
0.3 mm, there are  recovery mechanisms that  
block oncogenesis when only part  of the "criti- 
cal architectural unit of tissue" is irradiated. 
What these recovery processes might be is not 
understood. Nevertheless, this result does not 
support the contention that  a single plutonium 
particle irradiating a "critical architectural 
unit" such as the hair follicle, will produce a 
tumorigenic risk of the magnitude assumed by 
Tamplin and Cochran (1974). 

Richmond et al .  (1970) investigated the ef- 
fects of 2JEPu dioxide particles lodged in the ro- 
dent lung vasculature following intravenous 

injections. These particles averaged about 
180 pm in diameter and gave average dose rates 
to the entire lung of about 3.5 rems per hour 
with the alpha particle dose rate a t  the surface 
of the particle on the order of 1OR rads per 
hour. The longest exposure until sacrifice was 
a group of 6 rats  ~vhich lived to 600 days. Ex- 
amination of the lung following these expo- 
sures indicated the presence of a microlesion 
with complete degeneration of the cells close to 
the particle. However, the evidence indicated 
that  this was not simply a stable type of scar 
tissue but rather that  the lesion was in a dy- 
namic state in which the collagen was renewed 
constantly with subsequent liquification. 
Within this time period there were no tumors 
produced nor were there any indications of ef- 
fects that  would be deleterious to the animal's 
overall nrell being. It is noteworthy that  the 
energy delivered to the lung, if averaged over 
the entire lung, would be on the order of 
2,000,000 rads in 600 days. This dose, if uni- 
foibmly distributed, is much greater than that  
shon~n to cause deaths in relatively short times 
and is considerably above doses shown to pro- 
duce lung cancers. 

In the expel-iment of Richmond e t  al. 
(1970), the particles appeared to be firmly 
fixed in the blood vessels, and therefore were 
not representative of particles actually depos- 
ited in the alveoli. Although movement of such 
1)ai'ticles is knoivn to occur, compared with in- 
haled plutonium they are  relatively static. Cells 
located a t  the periphery of the zone of cellular 
destruction caused by the radiation may re- 
ceive radiation doses ranging from just suble- 
thal to essentially zero. 

Experiments in which 2 3 8 P ~ O L  microspheres, 
similar to those used in the rodent studies, and 
2'"Pn0, microspheres were surgically implanted 
into the lung of beagle dogs yielded results 
that  were qualitatively similar to those ob- 
served in rodents. The implanted plutonium 
particles produced small discrete microlesions 
but no lung malignancies were observed (Rich- 
mond et  al., 1974). I t  should be recognized that  
relatively few animals were used and that  the 
times of exposure were not long. However, one 
dog was sacrificed a t  4 years and 2 are  still 
alive 7 years past implant. That lung malig- 
nancies have not been observed even though 
the local radiation doses were extremely in- 
tense is of considerable radiobiological interest. 



Any repopulation of the volumes of de- 
stroyed tissue could result in rapid prolifera- 
tion of damaged cells which have received 
sublethal doses of radiation. This situation 
would appear to have a high potential for  pro- 
ducing cancer but is difficult to investigate ex- 
perimentally without an  understanding of the 
basic mechanism of cancer production and of 
the response of such damaged cells to a n  other- 
wise normal environment. Information on this 
possibility is limited but some indication that  
i t  is not a predominant problem can be ob- 
tained from the experiments of Passonneau 
(1952) and Richmond et  nl. (1970, 1974) 
which did involve just such conditions in sev- 
eral types of tissue. 

Current work uses a similar experimental 
design but with 10 pm diameter zirconium 
oxide microspheres containing PuO, a t  specific 
activities corresponding to respirable particles 
of PuOz. These experiments are directly 
applicable to the hot particle problem (Rich- 
mond and Voelz, 1972, 1973; Richmond and 
Sullivan, 1974). In these experiments every 
animal received 2000 plutonium-containing 
particles. Eight exposure levels and two con- 
trol groups were used with particle specific ac- 
tivities ranging from 0.07 to about 60 pico- 
curies. Of the 713 hamsters used in this 
experiment only two control animals and one 
injected animal a re  alive a t  present. Table 
111-C shows the radiation doses calculated by 
three dosimetric models and the number of ex- 
pected tumors per group as  calculated from a 
lung model (Coleman and Perez, 1969) based 

on Albert's skin data. This model is basically 
similar to thost? developed by Geesaman (1968) 
and Dean and Langham (1969) as  the dose re- 
sponse functioin assumed in the calculation is 
based upon the Albert ra t  skin data. About 1% 
of the lung mass of the animals shown in 
Table 111-C was irradiated, and the median 
dose rate to those cells within alpha range of a 
microsphere was estimated to be 20-1800 
rad/day. 

No aberrant, clinical signs have been ob- 
served in any of the animals that  have died or  
have been sacrificed to date. Blood samples 
have revealed no abnormalities even after  long 
exposures and there have been no regional 
lymph node effects. Occasionally, small accu- 
mulations of macrophages are seen around 
spheres but the fibrous encapsulation pre- 
viously described for the larger more radioac- 
tive (about 180 micron diameter) spheres 
(Richmond et  nl.,  1970, 1974) a re  not seen. 
Two rarely occurring tumors were observed 
among animals included in Table 111-C. One 
hamster developed a n  ang-iosarcoma of the 
lung after  9.5 .months exposure to 2000 micro- 
s1)hel.e~ each containing 0.42 picocurie alpha ac- 
tivity (level 2A). Another animal developed a 
lung sarcoma a.t the same exposure level after  
12 months. Table 111-C shows a predicted 
tumor incidence of 40 tumors for this group 
(level 2 A ) .  No other lung tumors have been 
observed in tlus experiment. Every animal in 
the experiment should have developed two lung 
tumors if the t1.1mor probability is 1 0 - Q e r  par- 
ticle as  specula1.ed by Geesaman (1968). 

Table Ill-C 
EXPOSUIIE CONDITIONS FOR PREI,IMINAI<Y EXI'EIIIMENT (2000 SPHERES/ANIRIAL, 

ABOUT 70 ANIMALS/GROUP) 

(Richmond and Voelz, 1972) 

Level 
Isotope Number 

Specific 
Activity 

nCi/Animal pCi/sphere 

0.14 0.07 
0.44 0.22 
0.84 0 42 
1.82 0.91 
3.2 1.6 

Equivalent 
Diameter 

Pure 2 " P ~ 0 2  
( p m )  

0.09 
0.13 
0.16 
0.21 
0.26 

Local Dose Rate at 

"A\.eraged Surface 
Dose Rate"" of  Sphere 

(radstyr)  (rads/hr) 
- - 

13 4.2 X 10' 
4 2 1.2 x 10' 
8 1 2.5 X 10' 

175 5.5 X 10' 
310 1.0 x 10" 

4 0  pm from 
center 

(rads/hr) 

6.8 x lo-' 
2.2 x 10" 
4.1 X 10" 
1.0 x 10' 
1.7 X 10' 

Expected Tumor 
Incidence* 

(tumors/aroup) 

2 
10 
40 
60 
4 0 

- - 

TJsing NUS structure I I I ~ K .  with a lung density of 0.19 ~ /cm' .  (Coleman and Perez, 1969.) 
Assuming 1 g of lung irradintecl. 



An additional 485 animals were injected 
with larger numbers of spheres, 
6000-1,000,000 per animal, to  irradiate over 
98% of the lung. Lower specific activity 
spheres were used, and median dose rates 
ranged from 6-25 rad/day. One of these ani- 
mals developed a primary lung tumor. Other 
animals have been injected with 50,000- 
900,000 spheres to extend the range of 
sphere specific activity down to  0.015 
pCi/sphere. Lung burdens were 0.86-177 nCi, 
and median dose rates were 1.3-320 rad/day. 
There are  about 2000 animals in this study. 

Approximately 1150 animals have lived their 
full life spans or have been sacrificed to  date 
as  part  of this experiment. About 5.7 x lo6 
spheres with specific activities in excess of 0.07 
pCi each were injected into these animals. The 
observation of three primaly lung tumors sug- 
gests a tumor risk of roughly 10.' per particle 
as  a preliminary estimate. These results a re  
particularly significant in view of the demon- 
stration by Little et  al. (1970a, 1970b, 1973) 
that  the Syrian hamster deveiops pulmonary 
neoplasms with high efficiency and short induc- 
tion time following exposure to soluble 2 1 0 P ~ .  

The distribution of all exposure conditions is  
summarized in Figure 111-9 in which the ordi- 
nate is the number of spheres per animal 
(scale on left) or fraction of lung irradiated 
(scale on right) ,  and the abscissa is sphere 
specific activity. The diagonal lines are loci of 
constant plutonium dose and are  labeled with 
the lung burden in nCi. The special interest in 
burdens between 10 and 100 nCi is occasioned 

Specif ic  Act iv i ty  ( pCi  / sphere )  

1:igure 111-9.-Distribution of exposure groups with 
respect t o  llumher o f  spheres per animal (ordinate) 
and specific activity of  spheres (abscissa).  The lines 
are loci of constant lung hurden ant1 are I;~heled with 
nCi of  plutonium per animal. Symbols i~ltlicate year 
of injection: (@) 1971; ( m )  1972; arid (A) 1973 
(Riclimond and Sullivan, 1974). 

by the report of Little et nl. (1970a) that  a 
high tumor incidence develops rapidly in ham- 
sters exposed to these levels of soluble "OPo. 

In a study of 2"Pu0, particles administered 
by intraperitoneal injection in rats, about 2% 
of the plutonium was found in the vasculature 
of the lung 300-500 days post-injection (Sand- 
ers, in press). The mean lung doses from these 
plutonium particles of > 0.3 pm diameter 
ranged from 10 to 600 rads for three treat- 
ment levels: 0.072, 0.360 and 2.900 pCi. Of 106 
rats that  survived longer than 200 days (life 
shortening occurred in the highest dose groups 
and was due to irradiation of the peritoneal 
cavity), one rat  in the lowest dose group died 
with a bronchiolar-alveolar adenocarcinoma 
after 823 days. There was no other primary 
pulmonary neoplasia and little evidence of 
cellular reaction to the plutonium particles in 
the lung, even among those cells adjacent to the 
particles. Inflammation, fibrosis, and epithelial 
hyperplasia and metaplasia were not observed. 
In general these findings agree with the results 
from the current plutonium microsphere stud- 
ies at  Los Alamos (Richmond and Voelz, 1972, 
1973 ; Richmond and Sullivan, 1974). 

The liver has been used to determine the 
effectiveness of '"PuO, particles in producing 
chromosome damage relative to the amount 
produced by '"Pu citrate in the ionic or  mon- 
omeric form (Schubert et  al., 1961). Brooks e t  
al. (1 974) jn jected monodisperse '3"Pu0, parti- 
cles (0.17, 0.30, 0.44 and 0.84 pm) intrave- 
nously into Chinese hamsters. About 90% were 
deposited and retained with a long effective 
half life in the liver. Using these four particle 
sizes and *"Pu citrate, two cytogenetic studies 
were conducted. In the first, a constant total 
activity, 1 x pCi/grn body weight, was in- 
jected using the three sizes of PuO, particles. 
Constant activity and variable particle size 
produced a constant average radiation dose to 
the liver with a varied local radiation dose and 
percent of the liver irradiated. In the second 
study, a constant particle size, 0.30 pm, was in- 
jected with activity ranging from 6 x to 
6 x 10-"Ci/g body weight. The local radiation 
dose rate around each particle was constant in 
this case and the average radiation dose and 
number of particles were variable. Unexposed 
animals and animals administered 2mPu citrate 
a t  a concentration of 6 x lo-' pCi/g body 
weight were used for comparison purposes. 



When the average dose was related to the 
aberration frequency for the 2 3 9 P ~  citrate 
(Figure 111-lo), there was a linear increase 
according to the equation Y = 0.02 + 4.8 X 10-3D 
where Y is aberrations per cell and D is dose 
in rads. This relationship implies that  approxi- 
mately 200 rads of irradiation from uniformly 
distributed 2 3 9 P ~  were required to produce an  
average of 1 aberration per cell. Because cells 
with radiation-induced chromosome aberra- 
tions have poor reproductive potential, these 
cells can be considered as  reproductively dead 
(Carrano and Heddle, 1974). Abnormalities 
observed following injection of the particles in- 
creased in an approximately linear manner over 
a n  average dose range up to  about 200 rads, 
then plateaued a t  higher doses. The slope of 
the ascending portion of the dose-response 
curve for the particles was less than that  ob- 
served following injection of '"Pu citrate. The 
relationship between aberration frequency and 
average dose to  a sphere of tissue within the 
range of alpha radiation from plutonium parti- 
cles indicates that  the efficiency of producing 
aberrations decreased as the  particle size in- 
creased. At the smallest particle size, 0.1 pm, 
the response was close to that  seen in animals 
exposed to 2 3 9 P ~  citrate suggesting that  the 
dose distributions in the liver were similar. 

In  addition t o  determining the aberration 
frequency per cell, the distribution of damage 
throughout the cell population was also deter- 
mined. The distribution of damage among liver 
cells exposed to plutonium particles was non- 
Poisson, indicating that the damage was lim- 
ited to relhtively f6;v cells, some of which were 
severely idjured. The damage in cells exposed 
to  2 3 9 P ~  citrate (Brooks et  al., 1974) was de- 
scribed b& a Poisson distribution, indicating a 

Figure 111-10.-Chromosome aberration frequency in 
the liver of the Chinese hamster following intrave- 
nous injections of 23! 'P~02  particles or ?:i:'Pu citrate 
relative to average tissue dose in rads. 

large number of less severely damaged cells; 
similar results were observed in experiments 
with 2flAm ~[McKay e t  al., 1972) and '"Cf 
(Brooks e t  al., 1972). This impli/es that  a 
larger fraction of the irradiated cells were re- 
productively dead after  nonuniform irradiation 
than after  uniform irradiation, and perhaps 
also indicates a smaller risk for tumor induc- 
tion. 

Little and co-workers (Little et al., 1970a, 
1970b; Grossman et  al., 1971; Little et al., 
1973) studied the  effects of ?loPo chloride ad- 
sorbed onto hematite (ferric oxide) particles in 
Syrian golden hamsters following intratracheal 
instillation. Animals were given 15 weekly 
injections of 3 mg of hematite containing ei- 
ther 0, 0.01 0s 0.2 pCi of "OPo; the mean radia- 
tion doses calculated for the entire lung were 
225 and 4500 rads, respectively, a t  the end of 
one year (Little e t  al., 1970a). The earliest and 
highest incidence of pulmonary neoplasia oc- 
curred in those hamsters receiving the larger 
dose of "OPo; the first lung cancer apy?ared in 
an animal sacrificed 15 weeks after adminis- 
tration. This experiment showed that  lung can- 
cer could be produced in hamsters by alpha ra- 
diation, but i t  did not consider the relative 
effectiveness of uniform versus  ionu uniform 
dose distribution. 

In an  experiment designed to consider uni- 
form and nonuniform dose distributions 
(Grossman et al., 1971), four groups of 50 
hamsters each were given separate intratra- 
cheal instillations twice per week for seven 
weeks of either 3 mg hematite followed by 0.2 
pCi -loPo in saline, saline followed by 0.2 &i 
fluPo, saline followed by 0.2 pCi -'"Po adsorbed 
onto 3 mg hematite, or saline followed by 0.2 
pCi " ' P O  adsorbed onto 0.3 mg hematite. In an 
additional experiment (Little et al., 1973) 
hamsters were given seven weekly injections 
of 0.2 &i ""Po alone in saline. The cumulative 
radiation dose to the lung was about 800 rads 
as compared with about 2000 rads when the 
same amount, of activity was given adsorbed 
on either 3 or 0.3 mg hematite particles. The 
mean tumor induction time was considerably 
shorter for the group given 210Po in saline, and 
the tumor incidence was lowest for the group 
with the most nonuniform distribution of 
?LoPo. 

The major differences among the groups in 
these experinlents was in the microscopic dis- 
tribution of the 210Po as shown by autoradiog- 



raphy. Distribution throughout the lung was 
distinctly nonuniform for the 'InPo contained 
on hematite. Reduction of the mass of hematite 
particles from 3 to 0.3 mg should have had the 
effect of further increasing the nonu~iformity 
of the 210Po in the lung as  there were 1/10 as  
many particles administered and each one con- 
tained 10 times a s  much activity. Preliminary 
results suggested that  a n  equal amount of 210Po 
adsorbed on 0.3 m g  hematite was even less 
effective for lung tumor induction than when 
adsorbed on a larger number of carrier parti- 
cles of lower specific activity (Table 111-D and 
Fig. 111-11) . 

Little et  nl. (1973) tentatively concluded 
that  ". . . in the dose range studied, alpha ra- 
diation is more carcinogenic when a lower but 
relatively uniform dose is delivered to a large 
volume of lung tissue than when a similar 
amount of radioactivity is distributed nonuni- 
formly such that  the primary effect is to de- 
liver much higher radiation doses to relatively 
small tissue volumes." 

Studies of a beta-gamma emitter failed to 
confirm the existence of a unique carcinogenic 
hazard due to intense irradiation of tissue sur- 
rounding radiation particles in lung (Cember 
and Watson, 1958a. 1958b; Cember et al., 1959; 
Cember, 1963; Cember, 1964a, 1964b; Cember 
and Stemmer, 1964). In a series of experi- 
ments with intratracheally administered 
ll'CeF, and "'CeCl, in rats, the incidences of 
pulnlonary neoplasia were similar to those ob- 
served a t  comparable radiation doses in experi- 
ments where "OSr containing glass beads were 
implanted in r a t  lungs. 

Table 111-D 

INF1,IIEiVCE O F  DOSE DlSTliIBUTIOK OPi 
""Po CARCINOGENk2SIS 

-- 
Numher 

o f  Num- 
Animals  Num-  her 

Trentment Schedule* Autopsied her with Tumor 
. - -- -. - -- Radiation 53th Still Lunc: Inci- 

Mon Wed Dose** Week Alive Tumors denre 

3 nlg "1Toalone 800 rnds 37 0 2 60C'o 
heme 

Saline 21U1-'o-3 m g  2000 ra~ls  31 G 18 58% 
heme 

S a l i ~ ~ e  "'1'0-O.:< nlg  -- 25 12 ! I  36'1; 
heme 

Anlm:ils rerelve~l  t \ \o  ins t i l l ;~ t io~ l s  e; ,r l~ \veek for 7 \veehs. 
Polonium-210 l (1 .2  pCil r iven  either ;cleric. in  s:iline 01. 1,ountl to 
hematite 1l;irticles in :!mounts illdic;ited. 

* *  i : t~nn~l: i t i \ .e  ~r;l<li:ttion (lose ;~ver :~ce t l  o\.rr whole Irinrs For 11erio1l 
uln to 1 week after I;~st instillnt,ion. These doses tentatively as- 
s i ~ r w d .  ljased on preliminary r:idiochrmical data. 

When Cember gave 0, 4.5, 45 or 4500 micro- 
curies of Ba3S0 ,  as  a single intratracheal 
injection to rats, no lung cancer or any other 
lesion suggesting that  cancer might develop 
was observed in any of the experimental ani- 
mals during a nine-month observation period 
(Cembe~. et  111., 1955). When the Ea"S0, was 
given as  10 weekly doses of 375 microcuries 
each, 2 of the 16 rats which survived the injec- 
tion regime died a t  312 and 319 days later 
with extensive squamous cell carcinomas of the 
lung (Cember and Watson, 1958b). Calculated 
radiation doses were on the order of 12,000 
rads. 

Cember and Watson (1958a) implanted 90Sr 
containing glass beads in the lungs of rats. 
The beads contained from 1.09 to 59.3 ,tCi 90Sr 
and were 320 2 110 pm diameter. Seven of the 
33 rats ( 3 0 9  ) developed primary pulmonary 
neoplasms: 4 had squamous cell carcinomas 
and 3 had 1-vrnphoid neoplasms. The earliest 
death in a tumor bearing animal occurred a t  
169 days following implant. The total radiation 
dose in these animals, calculated for  a sphere 
of tissue with a radius equal to the range of 
the beta radiation, ranged from 47.000 to 
260,000 rads. Murine pneumonia was a prob- 
lem with the experimental animals. No acute 
deaths were due to  radiation effects and no 
life-shortening was observed. 

TIME AFTER FIRST INSTILLATION,  weeks 

Treatment 
4 

wrnd 

Figure 111-11.-Influence of dose distribution on the 
induction time of lung tumors. Hamsters were given 
scbren weekly intratracheal injections of 0.2 pCi of 
""Po and hematite particles by different treatment 
plans: 0 -  - -e ,  'loPo in saline and 3 m g  of hematite 
given on different days each week. x- - -x, ""Po ad- 
sorbed onto 3 m g  of hematite particles. + - - - +, ""Po 
adsorbed onto 0.3 m g  of hematite particles (see Table 
111-D). 



The experiments of Cember are  of consider- 
able relevance to the problem of nonuniform 
dose distribution. Cember (1964a) stated that  
the question of the unique carcinogenic hazard 
associated with the high absorbed dose gra- 
dient around a single radioactive particle de- 
posited in the lung seemed to be answered by 
the results of the acute Ba"S0, exposures to- 
gether with the ' W e  experiments. He also 
pointed out that  the negative results of the 
long term retention of several BamSO, parti- 
cles, under conditions suitable for testing the 
hypothesis that  such focal radiation presents a 
unique carcinogenic hazard to  the lung, imply 
the absence of such a hazard associated with 
one or  a very small number of loci. His review 
also emphasized that, for  a given total amount 
of absorbed energy, low-level, continuous expo- 
sure of the total lung may be more carcino- 
genic than the same amount of energy deliv- 
ered acutely to a restricted volume of tissue. 

Furthermore, Cember (1964a) realized that  
the quantitative relationship among total ab- 
sorbed dose, the temporal and spatial distribu- 
tion of the dose, and probability of developing 
radiogenic lung cancer had not been estab- 
lished a t  that  time. However, the similarity of 
the lung tumor dose response curves for solu- 
ble NCeCl, and insoluble "CeF,, suggested the 
absence of a hot particle effect. He states 
"should this be true, then i t  follows that  radia- 
tion dose to the lung from inhaled radioactive 
dusts may be calculated, fo r  purposes of esti- 
mating radiological risk, by assuming uniform 
absorption of energy throughout the lung." 
However, the Ii4Ce experiments should be in- 
terpreted with caution since Cember (1964b) 
noted that  the "'CeCl,, which is soluble in solu- 
tion, produced discrete focal areas of radioac- 
tivity in the lung following injection. 

In the summary of his review Cember 
(1964a) states, "Experiments with rats  have 
shown that  radioactive substances deposited in 
the lung can lead to pulmonary neoplasia. Ra- 
diations from 3%, 90Sr-90'Y, and '"Ce elicited 
bronchogenic carcinoma and alveolar cell carci- 
noma in addition to several other tumor types. 
Tliese experiments did riot confirm the exist- 
ence of a unique carcinogenic hazard due to 
the intense concentration of absorbed energy 
in the lung tissue immediately surrounding a n  
inhaled radioactive particle." 

Studies reviewed by Moskalev (1972) with 
inhaled 2 3 9 P ~  citrate or ammonium 

~9plutonium pentacarbonate have shown a sig- 
nificant increase in the incidence of lung tu- 
mors in rats  a t  cumulative absorbed radiation 
doses to  the lung of about 50 rads. Studies in 
rats  reported by Sanders (1973) indicated in- 
creased lung: tumor formation a t  9 and 32 rads 
following inhalation of 2'8Pu although the num- 
ber of tumors in the 9 rad dose group were not 
statistically significant as  compared with unir- 
radiated controls. According to Koshurnikova 
et d. (1968) the microdistribution of "OPu in 
the lungs\ and regional lymph nodes a t  long 
times after exposure is characterized by norl- 
uniformity. This has also been observed in 
dogs, Figure 111-3. Therefore, i t  is likely the 
radiation dose from the "'Pu in Sanders' study 
was more distributed in lung tissue than the 
""Pu in the studies reviewed by Moskalev, thus 
irradiating a relatively larger number of sensi- 
tive cells. Tlnis could account for Sanders find- 
ing lung cancer occurring a t  lower radiation 
doses from ?jRPu than has been associ:~ted 
with '"Pu. However, dose rate cannot be ex- 
cluded as  a, contributing factor because the 
"'Pu in S a ~ ~ d e r s '  experiment was cleared very 
1-apidly from the lungs; nearly all of the radia- 
tion exposure occurred within 100 days after 
inhalation of the a3'Pu aerosol. 

Preliminary results from studies by Lafuma 
(1974) and his colleagues with compounds of 
2 " P ~ ,  "Tu ,  "'Am and "'Cm in rats  indicate 
that the toxicity increases with the dispersion 
of the inhaled radionuclide in lung. Curium- 
844 nitrate was the most highly dispersed and 
the most toxic a t  equivalent radiation doses. 
Curium-244 was also cleared from lung more 
rapidly than the other radionuclides with a 
pulmonary retention half-time of only eight 
days. 

The conclusioii which results from a careful 
consideration of these experimental animal 
studies is clear. None of the results unequivo- 
cally prove that  plutonium distributed in lung 
tissue as  sarticles is more hazardous than the 
same amount of plutonium distributed uni- 
formly. To the contrary, experimental results 
lead to the conclusion that  the hazard of plu- 
ioniunl increases with the dispersion of pluto- 
nium within the lung. Although inhaled pluto- 
nium is seldom if ever uniformly distributed in 
lung but is aggregated, a model based on uni- 
form distribution is probably the conservative 
approach for radiation protection purposes. 





IV. HUMAN EXPERIENCE 

There has been no recorded incidence of can- 
cer in man resulting from the internal deposi- 
tion of any plutonium isotope in the more than 
three decades that  plutonium has been used. 
This excellent record has resulted from ex- 
tremely effective control methods. The absence 
of tumors is also significant evidence concern- 
ing the tumorigenic potential of plutonium in 
the lung because a number of wartime acciden- 
tal exposures occurred three decades ago-a 
time comparable with probable tumor induc- 
tion times. Data from occupationally exposed 
Pu workers, limited as  it is, constitutes human 
experience of the most relevant kind for estab- 
lishing value judgments where experimental 
data are not always conclusive for formulating 
risk evaluations. 

During late 1944 and 1945, a t  what is now 
the Los Alamos Scientific Laboratory, 29 men 
associated with the Manhattan Project as plu- 
tonium workers were identified on the basis of 
nose swipes or  urine radioassay as having re- 
ceived plutonium exposures (Hempelmann et 
al., 1973b). Of these, 3 were later dropped 
from the series as the result of improved assay 
techniques which indicated lower plutonium 
burdens than estimated earlier, and 1 died of 
coronary heart disease. These individuals were 
all young men involved in four basic opera- 
tions related to  the development of the first nu- 
clear weapons : plutonium purification (wet 
chemistry) ; fluorination (dry chemistry) ; re- 
duction to metal ; and recovery. 

Clinical and laboratory data from this group 
of men have been collected periodically since 
1953. These data consisted of medical histories, 
physical examinations, blood counts and chem- 
istry, urine radiochemistry, routine urinalysis, 
and roentgenograms (Hempelmann et al., 
1973b). Studies of sputum cytology, lympho- 
cyte karyology, and chest counting for ura- 
nium L x-rays were begun in 1970. Table IV-A 
shows information on estimated date of expo- 

sure and estimates of the body burden as 
determined by urine radiochemistry measure- 
ments made in 1953 and 1972 (Hempelmann e t  
al., 1973a). In all cases, the values represent 
estimates of the body burden based on a urine 
excretion model obtained from human data 
(Langham, 1957). In, all cases but two, the 
1972 estimates are higher than those for 1953, 
usually by a factor of 2-3 and occasionally by 
a factor of 5--6. The 1972 estimates are consid- 
ered t o  be more relevant a s  they a re  based 

Table IV-A 

PLUTONIUM BODY BURDEN ESTIMATES FOR 
MANHATTAN PROJECT PLUTONIUM WORKERS 

Subject Average Date 
Number? of E~rposure 

ESTIMATED SYSTEMIC - - - -  ~ 

BODY BURDEN* 

Late 1944 ----------- 0.03-0.06 
Late 1944 ----------- 0.0060.032 
May 15145 ----------- 0.08 
June 1!345 ----------- 0.08 
June 1!)45 ----------- 0.08 
June 1!)45 ----------- 0.06 
June 1!345 ----------- 0.06 
June 1945 ----------- 0.04 
July 1945 ----------- 0.06 
July 1945 ----------- 0.05 
July 1945 ----------- 0.03 
July 1945 ----------- 0.03 
July 1945 ----------- 0.02 
July 1945 ----------- 0.006 
August 1945 --------- 0.04 
August 1945 --------- 0.04 
August 1945 --------- 0.03 
August 1945 --------- 0.02 
August 1945 --------- 0.02 
August 1945 --------- 0.02 
September 1945 ------ 0.02 
September 1945 ------ 0.006 
September 1945 ------ 0.006 
October 1945 -------- 0.02 
October 1945 -------- 0.02 

': Microcurie f approximately 50% at  the year indicated. 
t Subjects # I 4  and #I5 were dropped because of the death of one 

subject from coronary heart disease and the low body burden of 
the other as determined by modern assay techniques. Two others. 
not shown, were dropped from Lhe original 29. 



upon more excretion data and improved ana- 
lytical techniques. High plutonium levels of 
nose swabs a t  the time of exposure suggested 
that  most of the subjects received their expo- 
sure via inhalation. 

Based on data shown in the last column of 
Table IV-A, the 25 men shared a total systemic 
plutonium burden of approximately 2.5 &i in 
1972. If one assumes, a s  a rough approxima- 
tion, that  25% of the initial lung burden was 
translocated from the lung to the systemic cir- 
culation and then to organs such as  the liver 
and bone, i t  follows that  the total initial lung 
burden for thig group of men was approxi- 
mately 10 &i. 

During the most recent examinations per- 
formed a t  Los Alamos (Hempelmann et  nl., 
1973a) estimates were made of the amount of 
plutonium in the chest (lung and respiratory 
lymph nodes) of each man using in vico chest 
counting techniques. At  27 years following 
contamination, 14 of the 21 men measured had 
calculated chest burdens ranging from 0.003 to 
about 0.010 ,Xi. This observation indicates 
that  some of the plutonium was inhaled or re- 
tained in a relatively insoluble form, which is 
consistent with the fact tha t  some of the indi- 
viduals were known to have been exposed to 
2wPu0, because of the work they performed. 
Studies of these and other men a re  continuing. 

Except for the ailments one would expect in 
a group of men mostly in their early fifties, all 
of the Manhattan Project workers a re  in re- 
markably good health. This is additional infor- 
mation that  tends to support the general argu- 
ment that  the radiation protection guides for  
plutonium have not been grossly in error. Al- 
though the study group is relatively small (25 
men),  the magnitude of the plutonium bur- 
dens, the long time since exposure, and the  co- 
operativeness of the men make i t  unique and 
extremely valuable. However, because some- 
thing like 16 to 205h of all deaths annually in 
the United States a re  from cancer, one might 
be concerned about the size of the group, as  4 
or 5 might be expected to die from "naturaliy 
occurring" cancer had they never been exposed 
to plutonium. However, evidence obtained from 
experimental animal studies indicates that  plu- 
tonium induces specific kinds of cancer, pri- 
marily lung carcinomas, bone sarcomas, and to 
a lesser extent bile duct tumolbs, depending on 
the route of exposure. 

Although the particle size distribution of the 
inhaled material is unknown, an estimate can 
be made on the basis of aerosols produced by 
somewhat similar incidents. The value of 0.32 
,tm for the mass median diameter was meas- 
ured for a n  incident involving a fire a t  the 
Rocky Flats facility in 1965 (Mann and Kirch- 
ner, 1967) and is similar to values found in 
a glovebox a t  a fuel fabrication plant by Raabe 
(in preparation) and by Moss et  nl. (1961) for 
plutonium aerosols in plant and laboratory op- 
erations. Ettinger et nl. (1973) report various 
particle sizes for several operations. For a re- 
covery operation, a submicron aerosol had a 
typical activity median aerodynamic diameter 
of 0.3 ,tm. 

If one assumes a log-normal particle size dis- 
tribution with a mass median diameter of 0.32 
urn, standard geometric deviation (aL) of 1.83, 
and a density of about 10 g/cm: the number of 
particles above a given size can be calculated. 
In this  case, about 15% of the mass can be 
shown to be associated with particles larger 
than 0.6 , ~ m  real diameter (about 2 pm aero- 
dynamic equivalent diameter). One can then 
calculate that  each person in the group of 25 
men might have retained about 4 x 10' parti- 
cles above 0.6 ~m diameter (0.07 pCi or  more 
per particle) from the orginal 10 &i. If the 
cancer risk for such "hot particles" were 5 x 
lo-' per particle, as postulated by the Natural 
Resources Defense Council report (Tamplin 
and Cochran, 1974), the 4 x 10' particles 
should yield about 200 cancers per man or 
about 5000 for the group. Even the residual 
plutonium (average of 6 nCi per man) measured 
in 14 of the original Manhattan Project pluto- 
nium workers should yield 3 cancers per person. 
One could also argue that the number of cancers 
predicted from such a risk estimate might be 
ten times larger as  the product of 10' particles 
(10 &i + 0.07 pCi), each 0.6 , ~ m  real diame- 
ter, and the risk estimate of 5 x 10-I per parti- 
cle yields 5 x 10' tumors for the group. The 
observed lung cancer incidence after almost 30 
years since exposure is zero. 

Because of observations of chronic lympho- 
penia in dogs exposed to plutonium oxide aero- 
sols, one might expect to observe chromosome 
damage in  lymphocytes of exposed plutonium 
workers. This observation led Dolphin (1971) 
to investigate the possibility of chromosomal 
aberrations in lymphocyte cultures obtained 
from workers in England known to have been 



exposed t o  plutonium. H e  compared the find- 
ings in eight plutonium workers who had been 
exposed to  plutonium plus 14 rad of external 
irradiation over a 7-year period with workers 
who had received external irradiation only and 
found that  the dicentric yield of lymphocytes 
of the plutonium workers could be accounted 
for  by the external radiation dose received by 
the workers. Dolphin (1971) also cites another 
case in which a plutonium worker was found, 
by chest-counting, to have 10 to 20 times the 
permissible level of plutonium in the lung 
about three years after  an inhalation accident. 
Chromosome analysis indicated minimal radia- 
tion exposure to the lymphocyte series even a t  
a high level of exposure of the subject. 

Brandon et  al. (1973) reported a n  increased 
incidence of chromosomal aberrations in plu- 
tonium production workers a t  the Dow Rocky 
Flats plant. These investigators contrasted 
chromosomal aberrations observed in lympho- 
cyte cultures from six unexposed controls, 
seven workers exposed to penetrating radia- 
tion, and 27 men thought to have internal dep- 
osition of plutonium. Although the workers 
with lung burdens of plutonium had levels of 
ch:omosome aberrations greater than those ob- 
served for controls, the highest incidences of 
chromosomal aberrations were observed in plu- 
tonium workers who were thought to have pri- 
marily liver and bone burdens rather than sig- 
nificant lung burdens. Because some of these 
individuals worked around hot cells, the contri- 
bution to the total radiation dose (plutonium 
plus penetrating radiations) from the pene- 
trating radiation is  uncertain and complicates 
the analyses. 

The most recent physical examinations were 
performed on 24 of the 25 Manhattan Project 
workers during the past several years (Hem- 
pelmann et  al., 1973a). In addition to the usual 
hematological procedures, blood samples were 
obtained from these men for chromosomal 
studies. Utilizing established cytogenetic tech- 
niques for cultured lymphocytes, no chromoso- 
mal abnormalities were found in any of the 
subjects. However, i t  is  planned that  recently 
developed chromosomal banding techniques 
will be utilized in the future in evaluating the 
presence or absence of lymphocyte chromoso- 
mal aberrations. 

Despite their relative rarity, much useful in- 
formation has been obtained from accident 
cases. Information obtained from the AEC's 

Division of Operational Safety indicates that, 
during the period 1957-1970, there have been 
on the order of 200 contractor personnel ex- 
posed to 25% or more of the maximum permis- 
sible body burden (MPBB) for  plutonium. 
These data also indicate that  inhalation is the 
major portal of entry and that  more than half 
of the cases are  below 50% of the MPBB (0.04 
pCi). 

I t  may be xnstructive to look a t  a specific in- 
stance of an  industrial accident which was re- 
ported by Mann and Kirchner (1967). On 15 
October 1965, a fire in a plutonium fabrication 
plant resulted in a large-scale spread of pluto- 
nium oxide. The Rocky Flats body counter was 
used to measure the plutonium in the lungs of 
all employees working in the area and, of a p  
proximately the 400 employees counted, 25 
were found to have enough plutonium in their 
lungs to deliver a dose of 15 rem per year or 
greater (i.e., a t  least 0.016 ,Xi) .  Data from 
each employee were obtained with a pair of 
scintillation detectors in contact with the sub- 
ject's chest; the 60 keV photon peak of 2"Am 
was used in the measurements. The ?"'Am con- 
tent of the plutonium released in the fire was 
determined, and the plutonium quantity was 
then estimated from calibrations using a chest 
phantom wit11 similar 2"Am/239Pu ratios. The 
plutonium consisted of "high-fired" PuO,; par- 
ticle size measurements of a i r  samples collected 
after the fire indicated a 0.32 ,tm mass median 
diameter (MMD) with a geometric deviation 
(a,) of 1.83. Lung counting data to date show 
a slow clearance of plutonium, confirming the 
high degree of insolubility of the inhaled mate- 
rial. On the average, 30% of material initially 
deposited in the lung was cleared in 2 to 3 
months, with the remaining material clearing 
slowly with little or no measurable absorption 
into the bloodstream. 

Of the 25 people who were involved in the 
Rocky Flats incident, two had burdens as  high 
as 0.16 &i, a factor of 10 above the current 
maximum permissible lung burden. Of those 
available for follow-up, most are  measured for 
retained activity several times each year. In- 
formation from these cases should ultimately 
be included in the U.S. Transuranium Registry 
(USTR) . 

By using the same assumptions employed 
above for the Manhattan Project workers, one 
can estimate the number of "hot particles" 
[e.g., more than 0.07 pCi per particle as de- 



fined by Tamplin and Cochran (1974)l re- 
tained in the deep lung of each of the involved 
Rocky Flats  personnel to be about 10"o lo5. 
Again, if the cancer risk were 5 x lo-* per 
particle, a s  postulated by the Natural Re- 
sources Defense Council report  (Tamplin and 
Cochran, 1974), these particles should yield 
5-50 lung cancers per person. To date, none of 
these workers has shown detrimental effects 
associated with his inhalation exposure of "in- 
soluble" plutonium oxide in 1965. In this re- 
gard, an  increased incidence of lung cancer has 
been reported a s  early a s  5 to 9 years a f te r  
uranium miners were exposed to  radon decay 
products and other biological stressing agents 
such a s  tobacco smoke and diesel fumes (Lun- 
din e t  tcl., 1971). 

The local dose to tissue from each of the ap- 
proximately 10' to 10; "hot particles" retained 
in the lungs of the Rocky Flats  workers, as- 
suming a sphere of lung tissue a t  r i sk ( l80  pm 
radius) around each p;!l.ticle, is about 1200 
rad/yr. Assuming an  effective half-life for  lung 
clearance of 500 days, the cumulative local 
dose to some cells over the 8.5 years for  each 
particle might be 2400 rad. This calculation as- 
sumes a static particle irradiating a fixed 
group of cells. Calculations based upon other 
models (e.g., moving particles) ~vould result in 
smaller doses. Based on this information, one 
might expect detectable biological effects in the  
lung to have occurred in some of these exposed 
workers, yet none has been reported to date. 

One case of plutoniunl contamination resultc 
ing from a puncture wound is extremely inter- 
esting, a s  i t  has been interpreted by some as  
resulting in a "precancerous lesion" (Taniplin 
and Cochran, 1974). In  this reference, the fol- 
lowing statement is made : "This precancerous 
lesion indicates tha t  a single plutonium-239 
particle irradiates a significant (critical) vol- 
ume of tissue and is capable of inducing can- 
cer." Information on this case \\.as originally 
published in 1962 (Lushbaugh and Langham, 
1962) and appeared again with additional in- 
formation in 1967 (Lushbaugh et  r r l . ,  1967). 

The radiation dose around the plutonium im- 
planted in the palmar skin was estimated to be 
75,000,000 rad for  the 4.25 year period be- 
tween contamination and excision. However, 
this kind of estimate may be meaningless, a s  
\ire do not know which cells were exposed o r  
for  what  time periods. The entire lesion n-as 
small, being of the order of 2.8 x lo-" an3.  

The authors (Lushbaugh and Langham, 
1962) stated : 

"Although the  lesion was  minute,  the  changes in 
i t  were severe. Their  similarity to known pre- 
cancerous epidermal cytological changes,  of course, 
raised the  question of the  ult imate f a t e  of such a 
lesion shoultl i t  he allowed to exist  without surgical 
intervention. Although no malignancies of the skin 
of man  have ever been shown autoradiographically 
to be associated wlth such alpha-emltt ing foreign 
bodies, the  changes here would seem to indicate 
t h a t  the  development of such a lesion is possible." 

This particular case has been referred to a s  
representing a "precancerous" condition result- 
ing from plutonium (Tamplin and Cochran, 
1974) and might have been the basis of a re- 
cent statement (Gillette, 1974) which reads as 
follows: "Only one human cancer case is 
clearly linked to plutonium exposure." Ac- 
tually, 110 human cancer case has ever been 
'clearly linked" to plutonium exposure. The 

U.S. Transuranium Registry (Norcross and 
Newton, 1972) continues to at tempt to corre- 
late postmortem findings with body plutonium 
measurements. 

Cytologic changes have been described in 
cells in the vicinity of embedded plutonium 
particles in man. However, the malignant cel- 
lular transformation required for  the diagnosis 
of actual cancer has never been found next t o  
"hot particles" in human tissue (Lushbaugh 
and Langham, 1962; Lushbaugh et  al., 1967). 
Similar results have been reported for  several 
animal experiments designed to study the bio- 
logical effects of hot particles (Richmond p t  nl., 
1970, 1974). On the other hand, under certain 
exposure conditions, plutonium is an  efficient 
cancer-producing agent in experimental ani- 
mals. 

F o r  many years, several AEC contractor 
laboratories have conducted tissue analysis 
programs to determine plutonium levels in var- 
ious tissues of both occupationally exposed per- 
sonnel and members of the general population 
(Lagetquist et  (11.. 1972; Nelson e t  r i l . ,  1972; 
Can~pbell et  al., 1973). For  example, a s  shown 
in Table IV-B, plutonium coricentrations have 
been determined for  lung, liver, lymph nodes, 
kidney, and bone for  the period 1959-1971 for  
nonoc*cupationally exposed persons from sev- 
eral regions of the United States and for  occu- 
pationally exposed persons. Similar data have 
been obtained from nonoccupationally exposed 
persons for  the period 1972-1973, a s  shown in 



Table IV-C (Richmond and Sullivan, 1974). 
The average lung concentration for the latter 
period is about 0.3 pCi for  the  1000 g lung, and 
the lymph node concentration (per kilogram) is 
about 11 pCi. The increase i n  lymph node con- 
centration is due to greater care in lymph node 
excision; the mass of relevant tissue excised 
was reduced 5-7 fold, with consequent appar- 
ent increase in Pu  concentration. 

Plutonium is present i n  extremely small 
quantities in various organs of contemporary 
adult humans. Although most of the plutonium 
was produced from atmospheric testing of nu- 
clear weapons prior to the 1963 limited test 
ban, some material from contemporary atmos- 
pheric weapons testing by China and France 
adds to the total human burden. The current 
lung burden estimate for  persons in  the United 

States is about 0.3 pCi 2399240P~, and an esti- 
mate of the total amount in the body is about 
3.2 pCi (Bennett, 1974). 

The AEC's Health and Safety Laboratory 
(HASL) recently has used information ob- 
tained from the International Commission on 
Radiological Protection to model the intake 
and body burden from fallout plutonium and to  
estimate the radiation dose to man from this 
source (Bennett, 1974). The cumulative lung 
and bone dose estimated from the period 
1954-2000 is 16 and 34 mrem, respectively. 
Bennett (1974) also compared the body burden 
based on their model with that  actually ob- 
tained from the tissue sampling programs. The 
agreement between the Colorado-New Mexico 
tissue data and the model predictions for  1970 
and 1971 was good. 

Table IV-B 

50th Percentile Distribution of Plutonium in Human Tie isue  (1959-1971) 

Plutonium Disintegrations per Minute per Kilogram 

Lung Liver Lymph Node Kidney Bone 

No~ioccupationally Exposed: 
Los Alamos ...................... 1.3 (57)" 1.1 (58) 5.0 (52) 0.1 (54) 0.4 (35) 
New Mexico and U.S. -_----------- 1.0 (76) 0.9 (73) 4.0 (66) 0.2 (66) 0.5 (41) 
Colorado ---- 0.5 (66) 1.7 (60) 2.0 (46) 1.4 (45) 0.9 (65) 
New York ----_------------------ 0.4 (26) 1.7 (26) ? 1. 2.0 (25) 
All Populations --_------_--------- 0.8 (217) 1.4 (217) 3.0 (164) 0.G (163) 0.6 (166) 

Occupatio~~ally Exposed : $ 
Potential ---------__-__---------- 4.0 (44) 1.0 (41) 15.0 (42) 0.1 (42) 0.3 (25) 
High P o t e n t i a l  100.0 (15) 100.0 (15) 700.0 (14) 10.0 (13) 50.0 (11) 

* Number of samples ( i n  parentheses). 
: Si~mples not requesterl. 
: Data cunnot he comparc.d as  a proup because of diffcret~ccs i l l  type and duration of exposure. 

Table 1V-C 

50th Percentile Distribution of Plutoni~~rn in Human Tissue (1972-1973) 

Plutonium Disintegrntions per Minute per Kilogram 

Lung Liver Lymph Node Kidney Vertebrae Conad** 
- 

Nonoccupotionally E x p o s e d  : 
Los Alamos ---------------------- 0.8 ( 8 ) : V . G  (5) 35 (4) 0.2 (5)  1.6 (5 )  
New Mcxico and U.S. ------------- 0.4 ( 1 )  0.7 (10) 20 (15) 1.2 (10) 0.4 (16) 
Colorado 0.7 (29) 1.8 ( 5 )  15 (22) 3.0 (25) 1.1 (25) 
Savannah River ------------------ 0.4 (20) 1.2 (14) 40 (6) 2.2 ( 1  0.7 (12) 
All Populations ---------__-------- 0.6 (74) 1.5 (54) 25 (47) 1.5 (51) 0.7 (58) 0.4 (30) 

* Number of samples ( ~ n  parenthe.-es) . 
**  7 samp!rs from Savannah 1tivt.r 

!I samples from Kew Mt-sico and U.S. 
14 samples from Colorado 





V. THEORETICAL CONSIDERATIONS 

A. Dosimetry 

The distributions and interactions of the ab- 
sorbed energy from alpha-emitting plutonium 
particles among the cellular elements in lung 
tissue a re  difficult to examine experimentally 
and, therefore, have to  be considered on a theo- 
retical basis. This requires integrating our 
knowledge of the properties of alpha radiation 
with our understanding of the dynamic charac- 
teristics of lung, the cell types which populate 
lung tissue and the interactions which occur 
between cellular constituents and plutonium 
particles. 

1. Alpha Particle Irradiation of Cells and Tis- 
sues 

The two plutonium isotopes of primary con- 
cern are  2 3 8 P ~  and m 3 P ~  which emit alpha par- 
ticles of average energy 5.5 MeV and 5.15 
MeV, respectively. I n  passing through a me- 
dium such as tissue o r  air, alpha particles lose 
energy by collisions with electrons of atoms, 
producing charged atoms and free electrons o r  
delta rays. The delta rays cause further ioniza- 
tion events. Alpha particles from plutonium 
have a range of about 40 pm in soft tissue of 
unit density. The energy of the alpha particle 
drops to zero a t  the end of its range. The aver- 
age loss of energy per unit of path (Linear 
Energy Transfer, LET) is about 140 keV/pm. 
However, the loss of energy per unit of path 
length and the number of ionizing events i t  
produces actually increase along the  path of 
the alpha particle as the energy of the  particle 
approaches zero (the Bragg effect). Ninety 
percent of the ionization events occur within a 
cylindrical volume of about 0.01 pm radius 
around the alpha particle track; most of the 
remaining 10% occur out to about 0.2 ~ m .  

This pattern of energy dissipation differs 
greatly from that  of electrons (beta radiation 
or secondary to x and gamma radiation) which 
are  characterized by values of LET that  are 

two o r  three clrders of magnitude smaller. Con- 
sequently equal absorbed doses of alpha and 
electron radialtion, although by definition are  
depositions of equal energy per unit mass of ir- 
radiated material, produce drastically different 
energy distributions at the  microscopic level 
which can be numerically expressed in terms 
of the  quantities of microdosimetry. 

The specific energy, z, is the energy im- 
parted to the matter in a specified volume di- 
vided by its mass. The average or expectation 
value of specjfic energy, z, is equal t o  the ab- 
sorbed dose but z may fluctuate greatly around 
this value (ICRU Report 19, 1971). If a region 
in tissue is traversed by a particle, the result- 
ing increment of z depends on the LET of the 
particle and on the length of track within the 
sphere but a ]mean always can be specified for  
a given set of conditions. Thus, for the alpha 
particles under consideration, and 2.5 pm diame- 
ter nuclei (within essentially spherical "cells"), 
the mean z deposited in such a nucleus is about 
500 rads and this value is independent of the 
absorbed dose, c. At absorbed doses that are 
much less than 500 rads most nuclei experience 
no traversals; the number of nuclei that  are 
traversed is proportional to the absorbed dose 
and the mean value of z in these nuclei is inde- 
pendent of dose. When absorbed doses are com- 
parable to 500 rads, the probability for multiple 
traversals becomes appreciable and higher aver- 
age values of z in traversed cells result (Rossi, 
1967). 

The same considerations apply to electrons 
but the numerical values are  quite different. 
Thus, an electron having an LET of 0.3 
keV/pm will in traversing the 2.5pm diameter 
volume impart an average increment of z that 
is about 1 racl. Hence, a t  an absorbed dose, i, 
of 50 rads where one in 10 nuclei is traversed 
by an alpha particle delivering an average z 
(dose to the nucleus) of 500 rads, electrons will 
traverse almost all nuclei and z will differ little 
from 50 rads. 



2. Biological Factors in Alpha Radiation Do- 
simetry 

I n  P a r t  I11 of this report i t  was pointed out 
that  all inhaled particles, including plutonium 
and aggregates of plutonium, are  subjected to 
numerous physical and biological forces which 
tend to remove the particle from the respira- 
tory tract.  Therefore, plutonium does not re- 
main static in lung tissue unless the plutonium 
becomes immobilized in scar tissue, bound to  
biochemical moieties, or  otherwise trapped. 
However, a s  evidenced by the relatively long re- 
tention time of plutonium in lung, much of the 
plutonium deposited is made inaccessible for  
ready clearance by some mechanism such a s  
immobilization o r  recycling through genera- 
tions of the several types of cells capable of 
phagocytizing particles. All of this contributes 
to the complexity of the spatial and temporal 
distribution of th_e absorbed radiation dose 
from plutonium in lung. 

Lung tissue surrounding particles will be ir- 
radiated a t  relatively constant rates, assuming 
the particles a r e  fixed intracellularly, extracel- 
lularly o r  trapped in alveoli blocked by cellular 
products or  dehris. The amount of radionuclide 
and solubility of the  particles will influence the 
biological damage to the cells. However, rela- 
tively soluble plutonium may be chemically 
bound in cellular material and be retained in 
lung for  a long time, e.g., studies with inhaled 
Pu  (NO,), (Ballou and Park,  1972). 

The  degree of isolation of particles by cellu- 
la r  debris, fibrosis, and similar changes conse- 
quent to biological damage caused by irradiation 
or  physical and chemical irritation of the  sur-  
rounding tissue is an  important consideration. 
Because alpha emissions from '3qPu and "'"Pu 
have a range of approximately 40 pm in unit 
density tissue, the degree of this walling-off ef- 
fect will be a major  factor in dosimetric con- 
siderations. Complete "walling-off" of the par- 
ticle might reduce the risk from the alpha 
emissions to lung epithelial cells greater than 
40 pm from the particle boundary, but  the risk 

a ion from the delta rays, X, and gamma radi t' 
accompanying the 2'8Pu and 2 J g P ~  will not be 
reduced proportionally. Work a t  Los Alamos 
(Richmond c t  crl., 1970) and studies a t  Bat- 
telle (Sanders and Park ,  1972) indicate this 
"walling-off effect" is present but variable in 
thickness. This "walling-off" effect has not 
been observed in recent studies in which lower 

specific activity alpha-emitting particles a r e  
used (Richmond and Sullivan, 1974). 

Another factor is cell turnover. With any 
given radiation dose rate, the total radiation 
dose to a given cell will be determined by the 
time interval between cell divisions. The conse- 
quence of a cell being irradiated ~vill  be ex- 
pressed a t  each cell division by selection 
against badly damaged cells (i.e., cell death) 
and by replication of surviving damaged and 
transformed cells. Thus, to some extent the 
frequency of cell division will have a bearing 
on the cellular response to radiation from in- 
ternally deposited radionuclides. Values for  
tuinover time for  the various lung cell types 
a re  5 to 80 days for  epithelial cells and a few 
hundred days for  endothelial and mesothelial 
cells (Shorter,  1970). Of equal importance is 
the relative radiation sensitivities of the cells. 
There a re  little or  no useful data available t o  
establish a quantitative relationship between 
the radiation dose t o  specific cell types in lung 
tissues and subsequent biological effects of a 
health risk nature. I t  is inevitable t ha t  knowl- 
edge of the relationship between the dose rate, 
the probability of sublethal "hits" by alpha 
particles, the identity of the cells sensitive to 
the carcinogenic action of radiation and the 
cell turnover time could lead to a more accu- 
rate  assessment of the health risks from in- 
haled alpha-emitting radionuclides. 

Consideration of a i r  absorption in the small 
sphere of lung tissue irradiated by a radioac- 
tive particle can be ignored because of the  
small amounts of a i r  in t ha t  volume and the 
relatively low energy loss in air .  The average 
range of a 5.1 MeV alpha particle in lung tis- 
sue with a specific gravity of 0.22 is on the 
order of 180 ,,m, and the fraction of the alpha 
particle energy deposited in a i r  is 4 x 10-Y An 
a l l~hu  particle can travel about 4 cm in a long, 
s traight  airway such as a bronchus. Thus, a 
small portion of tissue interactions with alpha 
emissions from plutonium particles can occur 
a t  some distance from the source. For example, 
about 2% of alpha particles penetrate beyond 
400 ,,m from their source (Richmond and Voelz, 
1973) and about 40% penetrate beyond 180 pm. 
About 50% of the alpha energy is absorbed 
\vitIiin the confines of one alveolus o r  within 
100 pm of the source (Sanders and Dionne, 
1970). Interactions of these long-range alpha 
particles tend towards dispersal of the ab- 
sorbed radiation energy in lung tissue. 



A minor factor in  dosimetric considerations 
of radioactive particles in the  lung is move- 
ment during the respiratory cycle of tissue rel- 
ative to a deposited radioactive particle. For  
the most part,  tissue movement would be such 
as to  increase or  decrease the radius of the ex- 
posure field concentric with the particle. While 
the volume would change somewhat during 
these movements, the mean volume would 
apply for dosimetry calculations a s  they re- 
late to possible biologic effects. During a respi- 
ratory excursion, particles will tend to move 
with the tissue in which they are  contained. 
The same cells will be a t  risk, regardless of the 
variability of the volume of the tissue sphere. 

These biological considerations emphasize 
the importance of the dynamic characteristics 
of lung tissue and of particles deposited in 
this tissue. Although the kinetics of the inter- 
actions of plutonium particles and their alpha 
emissions with cells in lung are  not known, 
they a r e  certainly more complicated than a 
fixed source of plutonium particles irradiating 
a static population of cells within a 40-50 pm 
range. 

3. Models for  Dosimetry and Tumor Probabil- 
ity 

There have been a number of attempts to 
understand the spatial distribution of energy 
from alpha emitters deposited in lung by devel- 
opment of models using computer technology 
applied to various representations of lung a r -  
chitecture. From the preceding discussion i t  
will be obvious that  all of these models a re  de- 
ficient in respect to biological considerations. 

Scientists a t  Los Alamos (Richmond and 
Voelz, 1973) developed a model to determine the 
number of cells which receive given radiation 
doses as a function of distance from plutonium 
microspheres. A first objective of this model 
was the identification of the effect of lung struc- 
ture on radial distribution ("radial interaction" 
function) of encounters between alpha tracks 
and cells for calculation of dose. Photomicro- 
graphs of thin sections of hamster lungs were 
scanned by a high resolution densitometer, and 
the digitized images were stored on magnetic 
tape. Numerical evaluation of the radial inter- 
action function was accomplished by a Monte 
Carlo technique operating on the digitized im- 
ages. Mean intercept lengths of alpha tracks in 
a i r  and tissue were varied by digital manipula- 

tion of the images to determine the effects of such 
parameters a,s lung density, alveolar size, and 
wall thickness. These investigators found that  
lung density could be eliminated a s  a parame- 
ter  by appropriate normalization (e.g., ex- 
pressing "disi;ance" as  mass per unit area) but 
that  the scale factor of lung structure (ratio of 
characteristic dimensions to the range of al- 
phas in tissue) had a profound effect on the 
radial distribution of energy deposition. 

Dean and Langham (1969) developed a theo- 
retical approa.ch to estimating tumorigenic risk 
from exposure of skin and lung to high specific- 
activity particles of 235U, 2 3 8 P ~ ,  and 239P~.  
The radiation dose from discrete sources was 
treated in such a manner that  a n  estimate of 
the individual cellular response can be made. 
Dose averaging was not used in the model. 
Particle movement within the lung was taken 
into consideration (500-day half-time) and 
lung density of 0.26 g/cm3 was assumed. The 
tumor probability versus dose-response curves, 
which are  the basic ingredients of the model, 
were taken from the r a t  skin tumor data (Al- 
bert et al., 1967a, 1967b, 1 9 6 7 ~ ) .  Dean and 
Langham (1969) point out that  the r a t  is sen- 
sitive to skin tumor development and that  sen- 
sitivity may be different for the human lung. 
In their model, calculations of the lung tumor 
probability per particle as a function of parti- 
cle size show !peak responses a t  about 1 0 - I  for a 
1 pm diameter 2 3 8 P ~  particle and about 10-I for  
a 5 pm diameter 2 3 9 P ~  particle. 

At  the 1 diameter size, the tumor proba- 
bility fo r  '"TU is three orders of magnitude 
lower (10-9 as compared with 2 3 8 P ~  (10-I). 
Dean and Langham (1969) compared the lung 
dose from 0.016 pCi of 238P~ for  720 days fol- 
lowing a n  acute exposure using the dose aver- 
aging technique (3.2 rad) and their model 
(1.6 x lo8 rad absorbed by 3 x lo5  cells). This 
model, like otl~ers, makes no allowance for cell 
repair, turnover and replacement; i t  does pro- 
vide for  "wasted radiation" and assumes that  
the Albert data for  r a t  skin (Albert e t  d., 
1961; Albert, 1962; Albert et al., 1967a, 1967b, 
1967c) can be applied to lung. 

Geesaman ( 1968) proposed a cubical lattice 
model to represent clusters of alveoli with elas- 
tic walls of uniform thickness. The geometrical 
representation was a honeycomb-like structure 
comprised of truncated spheres ( the alveoli) 
wrapped around a duct (the bronchioles) . The 
volume of "tissue" irradiated by a 1 pm 2 3 8 P ~ 0 ,  



particle embedded in the lattice was calculated 
by considering the angular dependence of the 
geometrical range of alpha emission in the cu- 
bical lattice. Alpha radiation emitted along the 
lattice axes, in the lattice, and in  a sphere 
about the particle would penetrate about 100 
alveoli, according to this model, and irradiate 
about 10"ndothelial and epithelial cells. Using 
published values for  turnover times of lung 
cells and observation of the response of lung 
cells to a high dose of x-rays, of cultured kid- 
ney cells to alpha particle radiation, and of cell 
cytoplasm to protons, Geesaman estimated 
that, unless the 238P~0,  particle is less than 
about 0.25 ~m diameter, the yearly alpha flux 
will be lethal for all epithelial cells in the ex- 
posed volume of tissue. The equivalent "criti- 
cal" size for a 239Pu02 particle was 1.75 pm. 
The calculations a r e  for a static source. A 
moving source will expose a larger volume of 
tissue, but, according to Geesaman (1968), if 
the distance traversed is only to  a n  adjacent 
ciliated bronchiole, the  irradiated volume 
would probably not increase by an order of 
magnitude. However, one can calculate the dis- 
tance from an alveolus to the ciliated epithe- 
lium to be about 8000 ~ r n  (Weibel, 1963) or  
about 45 times larger than the 180 pm range 
of a 5.1 MeV alpha particle in lung tissue of 
density 0.22 g/cm3. Therefore, the irradiated 
volume would increase by several orders of 
magnitude, but the duration of exposure would 
be drastically shortened a s  the particle would 
be removed from the lung after  reaching the 
ciliated epithelium. On the basis of his model, 
Geesaman concluded that  the carcinogenic risk 
does not scale with the total energy from a 
plutonium particle. 

Using Davies' (1961) model of the alveolar 
region of the lung, Coleman and Perez (1969) 
developed a cylindrical model of the nonciliated 
region of the lung comprised of the respiratory 
bronchi, alveolar ducts, atria, alveolar sac, and 
the alveoli. The structure of the lung was as- 
sumed to consist of parallel, cylindrical a i r  
ducts arranged in such a way that  the mini- 
mum distances between any adjacent ducts a re  
equal and with maximum ratio of a i r  volume 
to total volume. The space between air ducts is 
the tissue volume. This model was deemed ade- 
quate for calculation of "smeared" doses but 
was refined for "local" dose considerations to 
include "cellular" structures lining the alveoli 
and a coordinate system. Dose rates in rads 

per second were calculated fo r  tissue surround- 
ing a static particle from point sources of 238P~ 
and from volume sources. 

Plutonium particles do not reside for long 
periods of time in the tracheobronchial region 
of the lung. However, the possibility for expo- 
sure of these tissues occurs during inhalation 
of plutonium and during transport of particles 
cleared from the lung on the ciliated epithe- 
lium. Animal experiments have shown the bron- 
chiolar-alveolar region of the lung rather than 
the bronchial epithelium to be the primary site 
of particle retention and the major site of 
damage induced by inhaled plutonium. How- 
ever, in addition to tumors of bronchiolar-al- 
veolar origin, a few epidermoid carcinomas 
were incidental findings a t  necropsy in beagle 
dogs a t  long times after the inhalation expo- 
sures (Howard, 1970). To compare the relative 
radiation doses to the bronchiolar, bronchial 
and tracheal epithelium from inhaled pluto- 
nium, Harley and Pasternack (in press) derived 
dose curves for 0.06 pm and 2 , ~ m  239Pu02 parti- 
cles from which the dose in rads per minute a t  
any depth in the epithelium of the trachea and 
terminal bronchioles could be computed. The 
difference in the dose rates for the largest air- 
way (trachea) and the smallest airway (termi- 
nal bronchioles) was small and, therefore, dose 
rates for intermediate airways were inferred 
to be about the same. For  continuous exposure 
to the ICRP maximum permissible concentra- 
tion of lo-" pCi/cm3 air, the maximum annual 
dose from 0.06 pm diameter 23BP~02  particles 
is 0.014 rad a t  a depth of 22 pm in the epithe- 
lium of terminal and subsegmental bronchioles. 
The maximum annual dose from 2 pm particles 
was similarly calculated to be 1.2 x los  rad, 
delivered to the segmental bronchioles. 

Recently Mayneord and Clarke (1974) com- 
pleted a mathematical study of the carcino- 
genic risks associated with radioactive parti- 
cles using a nonlinear peaked cellular 
dose-response function, a power law response. 
Assuming that  all cells of a tissue are equally 
a t  risk, it was concluded that  beta radiation 
from a point source of "'Rb or "S is more 
hazardous a t  low source strengths than the 
same activity uniformly distributed; however, 
the opposite is true a t  high source strengths. 
The mean dose a t  which the transition occurs 
increases with the beta energy emitted by the 
particles and with increasing organ mass and 



power law cellular response. However, if the 
tumorigenic response is a linear function of 
dose, the uniform tissue irradiation rather 
than the point source gives the greatest expec- 
tation. Under the  most pessimistic conditions 
of numbers of hot particles of both high and 
low beta energy, the authors conclude that  the 
carcinogenic risk is not more than about a fac- 
tor of 10 greater than predicted by a linear hy- 
pothesis. With alpha radiation the expectation 
of events which might lead to  cancer from a 
point source is greater than that  from uniform 
irradiation of the same amount of energy for  
point source strengths up to that  at which cell 
killing predominates. However, because of the 
small number of particles emitted the authors 
question the application of this macroscopic 
method and suggest that  the stochastic meth- 
ods of microdosimetry might be a better a p  
proach. The authors conclude, that  in  the light 
of present knowledge of cellular response, spa- 
tial distribution of cells a t  risk and localization 
of particles within tissue, the use of mean 
organ doses and the assumption of a linear re- 
lationship between dose and effect is a reasona- 
ble guide to estimating the carcinogenic risks 
from radioactive particles. 

These dosimetric models can be useful in un- 
derstanding how a given biological effect such 
as  cancer occurs following deposition of plu- 
tonium in lung and might even lead to identifi- 
cation of possible mechanisms for cancer in- 
duction. However, because these models a r e  
deficient with respect to the biological aspects 
of plutonium in #lung (in most cases f o r  the 
simple reason that  the biology is not ade- 
quately known), the models are not dependable 
for predicting the health consequences of plu- 
tonium. In fact these models can be used to 
yield almost any answer desired. 

B. Radiation Carcinogenesis Relative to  Spa- 
tial Distribution of Dose 

The calculated radiation doses around hot 

tion. This 1att;er point is particularly true for 
the use of dose-effect models derived from ra t  
skin data as the basic input for models of 
human lung carcinogenesis arising from radia- 
tion. 

The importance of understanding wasted ra- 
diation before trying to solve the "hot parti- 
cle" problem cannot be overemphasized. 
Because of the pattern of alpha energy depo- 
sition in a tissue volume around a given plu- 
tonium particle, the nearest cells are  virtually 
all killed while those more distant are  either 
exposed to  very low radiation doses o r  a re  not 
irradiated. Because of the short range of the 
alpha particle,, most of the  deposited energy is 
absorbed within extremely small tissue vol- 
umes. Depending on the number of particles 
and their dispersion and mobility, much of the 
lung may be unaffected. 

These observations lead one to a hypothesis 
to  explain the relative sparing effects on tissue 
of alpha particle radiation associated with plu- 
tonium particles as  compared with a more uni- 
form distribution of energy. The following dis- 
cussion considers primarily those cells that  a re  
affected in some manner but not killed by the 
alpha irradiation (Richmond et d., 1970). A 
large variety ad cellular changes can result from 
alpha irradiation, yet only a small percentage of 
these changes can lead to carcinogenesis. Be- 
cause of the many possible alterations, the 
chance of the specific change or  combination of 
changes required to  produce an oncogenic re- 
sponse is extrt?meljr unlikely to occur in any sin- 
gle cell. There is a large probability that  death 
of a cell would precede the occurrence of the 
critical random events that  would result in an 
oncogenic response; however, if one adminis- 
ters sublethal radiation doses to a sufficiently 
large number of cells, i t  becomes more proba- 
ble that  oncogeni~ changes would occur, de- 
pending upon the cell number and the radia- 
tion dose. This idea has been mentioned by 
numerous autlnors, including Archer and Lun- 
din (1967). 

~ , ~ - -  , 
particles are  an  unreliable base for the calcula- A common lhypothesis is that a direct linear 
tion of biological effects because of the lack of relationship exists between radiation-induced 
adequate biological models for carcinogenesis. 

neoplasms and ionizing events per cell multi- Experimental data, meager as i t  is in some in- 
stances, is more valuable than models, based plied by the number of cells irradiated. How- 
upon radiation doses, which in ever, for nonuniformly distributed alpha radia- 
themselves may be very uncertain, and upon tion the "wasted radiation" must be 
inferences from other organ systems that  may considered. Although the quantification may 
have no relevance to  the organ system in ques- not be clear, i t  is obvious that  the amount of 



tissue irradiated is an important factor in the 
production of cancer. Cember (1964a) stated : 

". . . , t h e  likelihood of inducing lung  cancer  seems 
t o  increase a s  t h e  volume of i r radia ted  l u n g  t issue 
increases-that is, a s  the  numher  of radiation foci 
increase and overlap. Fur thermore ,  t he  experi- 
menta l  results  imply t h a t  t he  carcinogenicity of a 
given amoun t  of absorbed radiation energy in- 
creases, u p  to a point, a s  t he  absorption of energy 
is  spread out  both t ime- ant1 space-wise. F rom a 
practical  point of view th is  means  tha t ,  f o r  a giver1 
amount  of absorbed energy, low-level, continuous 
exposure of t he  total  l ung  m a y  he more  carcino- 
genic t han  the  same amoun t  of energy clelivered 
acutely to  a restricted volume of tissue." 

Others have postulated models for cancer in- 
duction in which a "threshold" volume or mini- 
mal mass of tissue must be damaged before the 
carcinogenic process of unlimited cellular pro- 
liferation overrides the inhibitory mechanisms 
regulating growth processes (Rashevsky, 
1948). There is evidence that  transformed cells 
in physical contact with normal unaffected 
cells a re  prevented from dividing (Sivak and 
Van Duuren, 1970). Widespread tissue dam- 
age, such as  could occur with a more uniform 
distribution of the same amount of energy, 
could release transformed cells from this 
growth restraint. As Mayneord (1968) points 
out, "Radiation must be much more effective in 
kiIling cells or in interfering with their abil- 
ity to multiply than in causing the alleged spe- 
cific malignant transformation of individual 
cells or of small foci of cells." 

Mechanisms for preventing or mitigating er- 
rors in replication which can produce somatic 
mutations must exist, because there are  proba- 
bly on the order of 10" to 10" mitoses every 
day in the human body (Burnet, 1964). There- 
fore, even for those cells damaged by radiation 
in such a nray as to be transformed there are  
processes that  prevent the development of a 
malignant growth. Each change does not pro- 
duce a malignant growth. Thus, a carcinogenic 
agent may induce an event in a single cell or a 
group of cells which is follo\ved by the develop- 
ment of clones of cells which gradually but 
rarely free themselves from growth controls 
exerted by the entire organism (Mayneord, 
1968). In some tissues these controls may re- 
sult from the autoimmune response or from 
cellular contact inhibition of division (Burrows 
and Horning, 1953). I t  is suggested that  nor- 
mal cells can act as mitotic inhibitors; thus, 
one cell bearing a malignant potential might be 

prevented from dividing by the influence of 
surrounding normal cells. Uncontrolled mitosis 
would be prevented unless the inhibition were 
removed in some way. 

The free movement of transformed cells in 
culture stops when they are  in contact with 
normal cells, suggesting that  the transformed 
cells are  responsive to inhibitory signals from 
normal cells (Stoker, 1964, 1967). Although 
transformed cells may be inhibited by contact 
with normal cells, they can continue to grow 
and move when in contact with other trans- 
formed cells. The requirement of cell-to-cell 
contact for transfer of materials between cells 
is kno\vn, and the presence of growth inhibi- 
tors in normal cells has been postulated, but 
this mechanism is apparently deficient in 
transformed cells (Burk, 1966). 

Thus, both acute and late effects of the 
same quantities of plutonium in the lung might 
reasonably be predicted to be less hazardous 
when the plutonium is nonuniformly distrib- 
uted as  compared with a more uniform distri- 
bution for  the following reasons. For  nonuni- 
formly distributed plutonium, the volume of 
irradiated tissue is much less, much of the ra- 
diation dose is wasted, in most cases cells a re  
either killed or  not irradiated, many fewer 
cells are  irradiated but not killed, and the ratio 
of damaged (transformed) cells to normal cells 
is much smaller than for  uniformly distributed 
plutonium. ,411 the above factors are important, 
yet the last may prove to be the most impor- 
tant, especially for extremely nonuniform dose 
distribution patterns. 

One can also consider the mechanisms of 
carcinogenesis from the standpoint of patho- 
logical changes in tissue irradiated both by 
uniform and by nonuniform distributions of 
energy. The following is a discussion of carci- 
nogenic mechanisms that  may be applicable to 
irradiation of skin and lung (Casarett, 1965, 
1973a, 197313). The mechanisms of most, if not 
all, types of cancer appear to be multi-event, 
multi-stage processes including cellular initiat- 
ing events which confer cancer potential upon 
cells and promotional events or conditions 
which stimulate or permit proliferation of the 
tissue in which the cancer originates (includ- 
ing the cancer-potentiated cells) and/or permit 
proliferative advantage or autonomy of the 
cancer-potentiated cells. 

In the development of some cancers, for ex- 
ample those of lung or skin, the promotional a s  



well as the cellular initiating events appear to 
be closely associated a t  the sites of origin of 
the cancers and to be largely independent of 
extraordinary influence of remote factors gen- 
erated in other organs. In such cancers, the 
promoting events or  conditions appear to con- 
sist of tissue damage and disorganization (cell 
degeneration and necrosis, vascular degenera- 
tion, fibrosis, compensatory cellular prolifera- 
tion, and metaplasia) the so-called "precancer- 
ous lesion." 

Radiation in sufficient doses to a large 
enough volume can cause both the cellular ini- 
tiating events and the promotional events. The 
most likely candidates for cellular initiating 
events are certain types of mutations or chro- 
mosomal aberrations. High frequencies of such 
changes can be caused by relatively modest 
doses of radiation, and also by other mutagenic 
agents. However, increasing the radiation dose 
increases the incidence of reproductive sterility 
among cells, even in cell types that  are  rela- 
tively resistant to destruction. Such perma- 
nently sterilized cells cannot be the source of 
cancer. Thus, a maximum in the dose response 
curve is to be expected. 

On the other hand, the so-called precancer- 
ous lesions, if they are to be caused largely by 
the radiation and not by other pathologic con- 
ditions or aging, require large doses of radia- 
tion ; that  is, doses capable of inducing the pro- 
gressive vascular changes and connective 
tissue reactions sufficient to reach a degree and 
extent of tissue disorganization that is cancer- 
promoting prior to the time when such lesions 
might have developed if radiation had not been 
involved. Such large doses sterilize many cells 
and eventually lead indirectly to non-selective 
cell necrosis secondary to the vasculocon- 
nective-tissue-circulatory degeneration, with 
persistent and abortive attempts by some of 
the nearby and less affected cells, even in nor- 
mally low-turnover tissues, to proliferate in 
compensatory fashion, often atypically. The 
probability that  damage will overwhelm restora- 
tive mechanisms and produce gross local tissue 
breakdown increases with the size of the area 
exposed, in particular, when the linear scale 
exceeds the size of the sensitive structure or 
target. This critical size might be determined 
by the ability of the local restorative mecha- 
nisms to compensate for such injury. 

The character of the precancerous lesions in 
this type of mechanism is such that  they pro- 

gress to a particular degree of severity faster 
after higher doses than after  lower doses, there- 
by accounting a t  least in part  for the shorter la- 
tent period after  the higher doses. If, however, 
the promotional condition is supplied by means 
other than the radiation dose in question, the 
size of the iradiation dose required to assure 
the developn~ent of a particular cancer within 
the remaining life expectancy, if that  expect- 
ancy is long enough t o  accommodate a t  least 
the minimal latent period, is the size of the 
dose required to cause or to complete the cellu- 
lar initiating events in sufficient incidence. 

For this type of mechanism, if the promo- 
tional conditiion is to be supplied largely by the 
radiation exposure, the optimum carcinogenic 
dose is likely to be that  which provides a net 
optimum balance between effective promotional 
tissue damage and incidence of reproductively 
capable cancer-potentiated or  transformed 
cells. Larger doses sterilize and/or kill exces- 
sive numbers of cells and reduce or even abol- 
ish induction effectiveness. The volume of irra- 
diated tissue, with respect to numbers of 
reproductively capable cancer-potentiated cells 
and amount or  critical volumes of tissue in- 
volved in the promotional precancerous le- 
sions, is likely to be an important factor influ- 
encing the probability of development of 
cancer. 

For cancer induced by local exposure of the 
tissue of origin there is, in general, an increase 
in incidence and reduced latent period with in- 
creasing radiation dose within a certain dose 
range. With further increase in dose, there 
tends to be ar decline in the rate of increase in 
incidence per unit dose. This decline at high 
dose levels is represented first by a plateau in 
the dose-incidence curve a t  peak incidence 
level, and then by a fall in the curve a t  still 
higher dose levels. The fall in the incidence 
curve a t  the highest dose levels has been at- 
tributed to degrees of tissue destruction, in- 
cluding cell reproductive sterilization, that  re- 
duce or eliminate cancer induction. 

Although the germinal cells of the hair 
follicles in the dermis are rapidly renewing 
cells relatively sensitive to the direct necrotiz- 
ing actions of ionizing radiation, the epithelial 
cells of the lung are slowly renewing cells rela- 
tively resistant to  the direct necrotizing ac- 
tions of ionizing radiation. Both of these epi- 
thelial cell types can be reproductively 



sterilized by irradiation and both can be de- 
pleted indirectly by interference with their mi- 
crocirculatory support a s  a consequence of sub- 
stantial progressive vasculoconnective tissue 
changes. Such changes increase the histo- 
hematic connective tissue diffusion barrier and 
reduce effective blood circulation in the  proc- 
esses of widespread fibrosis. 

Radiation-induced lung cancer o r  skin cancer 
apparently is preceded by a considerable de- 
gree and extent of local tissue damage, disor- 
ganization, and fibrosis, that  is, the so-called 
precancerous lesion. The experimental induc- 
tion of cancer in either of these organs by ir- 
radiation of the normal organ apparently re- 
quires large radiation doses. That is, there 
seems to be a large minimal or "threshold" 
dose, but the required doses are reduced if the 
promotional local tissue damage and disorgani- 
zation is caused by means other than the radia- 
tion. As discussed earlier, the dosimetric mod- 
els used to predict lung tumor response to 
alpha particle radiation (see section V.B) are  
based upon dose response data obtained from 
experiments using ra t  skin. 

In  the experiments by Albert et  al. (1961, 
1967a, 196713, 1967c, 1969) and Burns e t  al. 
(1968, 1973a, 1973b) involving induction of 
cancer in ra t  skin by intense electron irradia- 
tion, most of the cancers were said to be simi- 
lar to hair follicle epithelium, and the promot- 
ing condition was apparently the tissue 
damage and disorganization in  the dermis, in- 
cluding the tissue of hair follicles. The field of 
irradiation was large, relative to the follicle 
size, and in one experiment was 24 cm2. The 
fact that  there was a relationship between the 
incidence of cancer and the number of atro- 
phied hair follicles in the large field of dermis 
irradiated and damaged a t  o r  about the level 
of hair follicles, and elsewhere to some extent, 
may be related only incidentally, in part  or 
wholly, to the achievement of the required de- 
gree and volume of disorganized dermis. The 
required volume may be considerably larger 
and qualitatively broader than the volume of a 
single hair follicle and the structures contained 
within the hair follicle. The geometrical effect 
of exposure with sieve patterns observed in Al- 
bert's experiments, notably the suppression of 
cancer induction a t  1700 R but not a t  2300 R, 
may be a suggestive indication of the impor- 
tance of distinguishing between effects on hair 

follicles as individual structural units and the 
more general effects on volumes of dermis and 
its vasculature as promoting conditions. 

At present there is no compelling reason to 
believe that the critical structure o r  volume re- 
quired for radiation-induced promotion of can- 
cer arising from cancer-potentiated cells of 
hair follicles is limited to  the hair follicle. 
There is also no cogent evidence that  the lung 
has analagous discrete susceptible architectural 
units with critical tissue volume as small a s  
the sphere of alpha particle range from an iso- 
lated "hot particle." 

Increase in the risk of lung cancer with in- 
crease in the number of inhaled particles (for 
example, insoluble PuO, particles) retained in  
deep lung tissue may not be simply a function 
of increasing numbers of retained particles 
that  are  widely separated from one another in 
location and tissue effect, but possibly a func- 
tion of the frequency with which certain mini- 
mal numbers of particles become lodged within 
sufficient proximity of one another to cause 
relatively confluent tissue disorganization 
throughout a promotionally effective tissue 
volume that  is larger than the sphere of effect 
of a single particle (or sub-minimal number of 
closely associated particles), and a t  the same 
time, to  increase substantially the number of 
cancer-potentiated, reproductively capable cells 
near and within the volume of disorganized 
tissue. 

With protracted, nonuniform exposure of 
tissue to alpha particles, there is  uncertainty 
not only a s  t o  the tissue component dose rele- 
vant to carcinogenesis, but also as to the por- 
tion of the total accumulated dose that  effec- 
tively contributes to the induction of the 
cancer. In cases of intense irradiation, some of 
the total accumulated dose is "wasted" and ir- 
relevant, as regards the induction of a cancer. 
Some of the dose in excess of the minimal in- 
duction dose conceivably may shorten the la- 
tent period to some extent by substituting for 
other contributing factors that  would have oc- 
curred eventually but later. 

Considering the amount of human data 
available for carcinogenic risk estimates, and 
the variability and uncertainty concerning 
dosimetric factors (e.g., relevant doses, differ- 
ences in spatial and temporal dose distribution, 
etc.), i t  has thus f a r  been regarded as neces- 
sary to select single values of quantities that  



characterize the exposure of an  organ or  that  
organ in a group of individuals. Mean accumu- 
lated tissue dose is the only criterion that  can 
be used practically at present until adequate 
knowledge of more relevant criteria becomes 
available. Furthermore, when the energy is  de- 
posited nonuniformly and its influence in the 
exposed organ or  a group of individuals is not 
known, the nonuniformity cannot be dealt 
with until more adequate data are  available. 
The linear (proportional) hypothesis is the 
only one that  normally permits the use of 
mean dose as the significant dose factor for 
conditions of nonuniform exposure and expo- 
sure rate in an  organ or among individuals, 
for purposes of estimating risk or  setting dose 
limits in the absence of adequate data on dis- 
tribution of dose and dose rates. 

I t  is highly questionable that  the ratio of in- 
duced cancers to  atrophied hair follicles in Al- 
bert's experiments with large volume external 
irradiation ofl r a t  skin can be taken as  the 
basis for the risk of cancer induction from a 
radioactive particle in or  near a hair  follicle in 
skin or  isolated in deep respiratory tissue. I t  is 
also highly questionable tha t  the existing 
standards for uniform radiation exposure of 
the whole body o r  lung can be used as the 
basis for establishing particle exposure stand- 
ards by simply equating the risk of cancer in- 
duction between the  two types of exposures, 
that is, uniform vs. grossly nonuniform. The 
risk for  uniform irradiation of man as repre- 
sented in the  NAS-NRC BEIR report (1972) 
is based on the'linear hypothesis as applied to 
data from uniform low LET irradiation of all 
cells in the lung over a dose range associated 
with a rising dose-incidence relationship. This 
dose range did not involve doses so large as to 
greatly reduce the carcinogenic effectiveness by 
excessive cell sterilization and killing, but was 
capable of contributing to tissue disorganiza- 
tion anywhere in the irradiated lung. As indi- 
cated earlier, there are many more cells a t  risk 
in the case of uniform distribution of dose 
than with nonuniform distribution, for the 
same amount of radiation dose. Also, the bulk 
of the available evidence suggests that in the 
radioactive particle situation the great major- 
ity of cells surrounding a single isolated parti- 
cle within its sphere of irradiation are likely to 
be reproductively sterilized if not destroyed. 

C. Assessment of Experimental Animal Data 

The question of whether the practice of ex- 
pressing the radiation exposure to lungs from 
inhaled plutonium as an  average dose is rea- 
sonable can 11e considered empirically by exam- 
ining the results from experimental animal 
studies in which the late effects, such as lung 
cancer, were observed in several animal spe- 
cies. 

In reports of the  carcinogenic response of 
experimental animals t o  inhaled radionuclides 
the authors generally calculated mean radia- 
tion doses t o  t h e  total lung. To avoid hand 
drawing the "best" line through the data, a 
logarithmic probit curve was selected from 
among possible transforms and was fitted to 
data from a number of experiments in which 
there were several dose groups showing a pro- 
gressive increase of cancer incidence o r  a sin- 
gle dose group if the lifespan was not sub- 
stantially reduced compared with the controls 
(Thomas anld Bair, submitted for publication). 
Binomial confidence limits were also calculated. 
Results from studies of beta-gamma emitting 
radio nuclide:^ are  plotted in Figure V-1. The 
heavy line is the curve fitted to the composite 
data. The thin lines were fitted to individual 
multidose experiments and provide a kind of 
experimental error band. No statistical validity 
is ascribed to this procedure; however, i t  is a 
useful expedient by which to  summarize the 
nature and magnitude of the dose effect curve. 
A similar treatment of data from experiments 
with plutoniium is shown in Figure V-2. 

The composite curves for the experiments 
with beta-gamma emitters and for alpha emit- 
ters are  redrawn in Figure V-3. At all doses 
the incidence of lung cancer was greater for 
alpha emitters (plutonium) than for  the beta- 
gamma emitters ; however, the differences be- 
tween the  two curves ,were greater with in- 
creasing dose. At  a mid-point tumor incidence 
of 20 percent, the corresponding doses a re  300 
rads for alpha emitters and 3500 rads for 
beta-gamma emitters. Thus, based on calcu- 
lated mean lung doses, alpha emitters were 
about 10 tirnes more efficient for lung tumor 
induction than were beta-gamma emitters. A t  
10 and 30 percent incidences, the alpha emit- 
ters were about 5 and 20 times more efficient, 
respectively, than beta-gamma emitters. Since 
the RBE foir alpha particles ranges from 1 to 
20, depending upon the biological system and 



response studied (NCRP, 1971), and is  often 
given as 10, this greater efficiency of alpha ra- 
diation in producing lung cancer in experimen- 
tal animals appears reasonable. 

Consider now the dose to the lungs of the 
animals that  inhaled the alpha emitter, pluto- 
nium, calculated on the basis of a "critical vol- 
ume" of lung tissue, that fraction of lung tissue 
actually irradiated by static dispersed or ag- 
gregated particles in the lung. I t  was pointed 
out in the discussion of experimental animal 
studies that  nearly all plutonium compounds 
deposited in lung tend to form aggregates and 
are never uniformly distributed. Table I gives 
the calculated fractions of lung irradiated by 
a lung burden of 0.016 pCi 2 3 9 P ~ 0 ,  of different 
particle diameters. For purposes of this discus- 
sion i t  will be assumed that  0.1 percent of the 
lung is irradiated. On this basis the calculated 
alpha doses for the experimental animal data 
would be increased by a factor of 1000 and the 
lung cancer incidence curve is  transposed to 
the right of the beta-gamma dose effect curve, 
Figure V-3. Now it  would appear that  alpha 
radiation from particulate sources in lung is 
about 100 times less efficient than beta-gamma 
radiation in causing lung cancer in experimen- 
tal animals. This factor of 100 would become 
10 if one assumed an irradiated lung volume of 
1 percent. The curve would still be to the right 
of the beta-gamma curve, which is radiobiolog- 
ically unrealistic, i.e., i t  implies a n  RBE for  
alpha particles of less than 1. 

CALCUUIED C U M U I i l Y l  MAfl A l P W  M I L  10 LUNG PAD: 

Figure V-2.-Relationship between incidence of lung 
cancer and alpha radiation dose to lung from inhaled 
plutonium in experimental animals. 

particles is a biologically reasonable basis for  
expressing the quantitative relationship be- 
tween tumor incidence and alpha radiation 
dose. Also, one can conclude that  the mean 
dose concept represents a conservative ap- 
proach to the establishment of permissible lim- 
its for plutonium provided the radiation pro- 
tection criteria for lung exposure is based on a 
limiting rad dose. 

I t  is significant that  the dose-effect curves 
for beta-gamma emitters and alpha emitters 

One can conclude from these considerations to, I 

that  the mean dose to lung from plutonium 
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Figure V-1.-Relationship between incidence of lung 
cancer and radiation dose to lung from inhaled heta- 
gamma emitting radionuclides in experimental ani- 
mals. 
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Figure V-3.-Comparative relationships between the in- 
cidences of lung cancer and radiation doses from in- 
haled beta-gamma and alpha emitters in experimental 
animals. The dose to the lung from alpha emitters 
was calculated in two ways: assumed absorption of 
energy in the total lung mass and assumed absorp- 
tion of total energy in only 0.1% of the lung mass. 
The radiation energy from beta-gamma emitters was 
assumed to be absorbed throughout the total lung 
mass. 



are  "parallel." Regardless of the nonuniform 
distribution of the alpha dose the mean rad 
dose ratios between beta-gamma and alpha 
emitters for comparable tumor incidences range 
between only about 5 and 20, and no assump- 
tions regarding the carcinogenicity of individ- 
ual particles a re  needed o r  implied. Thus, a 
comparison of relatively uniform beta-gamma 
irradiation with nonuniform alpha irradiation 
can be derived solely from toxicity data. The 
appropriate models needed to describe the com- 
plete sequence of events leading to cancer are  
of secondary importance to a valid determina- 
tion of the relative toxicity of the two radia- 
tions-the most fundamental criteria in any 
hazard assessment. 

According to Geesaman (1968), tissue dam- 
age rather than radiation is the proximate 
cause of cancer. Tamplin and Cochran (1974) 
suggest that  irradiation of a critical architec- 
tural unit of a tissue (e.g., a hair follicle) a t  a 
sufficiently high dose rate is a requirement for 
cancer induction. The results of experimental 
animal studies which bear upon these two 
views are from studies of low LET radiation 
in which the entire lung and, therefore, all 
the "critical architectural units," regardless of 
the number, are irradiated, and from studies in 
which a specific target tissue is irradiated. 

Figure V 4  shows that  lung tumor incidence 
increases with dose fo r  rats  given bronchial 
implants containing 3ZP or lo6Ru. Tumor inci- 
dence is virtually zero a t  lo3 rad and about 60% 
a t  10"ad. The radiation dose was calculated 
for a specific target tissue, that  is, the basal 
layer of the bronchial epithelium. Because of 
the size of the implanted pellet i t  is likely tha t  
many of these target cells were irradiated. 

Data in Figure V-4 for five species of ani- 
mals given 80Co wire implanted in their lungs 
show lung tumor incidences ranging from 
about 8 to 40%, in all but one instance, for 
total doses of 10"10°" rad to either the entire 
lung or  to the esophagus. I t  is of interest that  
the entire lung is irradiated, including any and 
all possible "critical architectural units," a t  

high dose rates, yet the tumor incidence is  not 
unity. Also of interest is  the similar response 
shown for the several species used with the 
possible exception of the ra t  lung, the highest 
cancer incidence point. The observation of 
tumor incidences well below unity is true also 
for the whole-body exposures to X-irradiation 
in which the entire lungs and body of rats  re- 
ceived doses near lo3 rad. Although these were 
acute exposures, the entire lung was irra- 
diated. 

The high doses from the implanted sources 
and the process of implanting the sources as  
well caused severe localized reactions. How- 
ever, such lesions do not appear to  be a re- 
quirement for cancer induction, because the 
whole-body exposures from external sources do 
not involve severe necrosis although pneumoni- 
tis and fibrosis can result a t  high exposure lev- 
els. 

These data from experimental animal stud- 
ies involving low LET radiations lead one to 
conclude that  there probably is not a critical 
structure in the lung analagous to the hair fol- 
licle in the skin of a specific strain of r a t  
which, if irradiated a t  a dose of lo3 rad, will 
produce lung tumors in high yields. 

C:ALCULATED DOSE TO LUNG i RADSI 

Figure V-4.-Fractional Incidence of Lung Cancer in 
Animals Exposed to Low LET (p ,S,y)  Radiation 
0 ""Co implant.. Rats, mice, hamsters, rabbits, guinea 

pigs (Warren and Gates, 1968). 
A ""Hu implant.. Rats (Laskin et nl., 1963). 

'"P implant. lKats (Laskin et ol., 1964). 
Q X-ray. Rats (Koletsky and Gustafson, 1955). 
V X-ray. Rats (Castanera et al., 1968). 
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A REVIEW OF THE NATURAL RESOURCES DEFENSE COUNCIL PETITION 

CONCERNING LIMITS FOR INSOLUBLE ALPHA EMITTERS 

J. W. Healy,  C. R. Richmond, and E .  C .  Anderson 

The i n t e r p r e t a t i o n s  of t h e  p o t e n t i a l  e f f e c t s  of i n s o l u b l e  a lpha-emit t ing 
p a r t i c l e s  i n  t h e  lung,  as desc r ibed  i n  t h e  document suppor t ing  t h e  N a t u r a l  
Resources Defense Council  p e t i t i o n  of February 14 ,  1974, a r e  reviewed i n  
l i g h t  of  p r e s e n t  evidence.  It is  concluded t h a t  t h e  t h e o r i e s  upon which t h e  
p roposa l  is based are n o t  i n  accord wi th  t h e  evidence and t h a t  t h e  t h e o r i e s  do 
n o t  c o r r e c t l y  p r e d i c t  t h e  outcome of experiments a c t u a l l y  us ing  such p a r t i c l e s .  

I. INTRODUCTION 

On February 14,  1974, t h e  Na tu ra l  Resources 

Defense Council  (NRDC) submit ted  a p e t i t i o n  t o  t h e  

U. S. Atomic Energy Commission (AEC) and t h e  

Environmental p r o t e c t i o n  Agency (EPA) r eques t ing  

t h a t  they amend t h e i r  s t anda rds  a s  s a i d  s t anda rds  

apply  t o  i n s o l u b l e  p a r t i c l e s  of plutonium and o t h e r  

a lpha-emit t ing "hot p a r t i c l e s .  "l (The terminology 

o f  ' h o t  p a r t i c l e s "  is  t h a t  o f  t h e  NRDC and r e f e r s  

t o  p a r t i c l e s  which c o n t a i n  more than  0.07 pCi of 

i n s o l u b l e  a lpha  e m i t t e r s . )  I n  suppor t  of t h e i r  

p e t i t i o n ,  t h e  NRDC inc luded  a r e p o r t  by Drs. Arthur  

R. Tamplin and Thomas 8 .  Cochran which provides  t h e  

b a s i s  f o r  t h e  proposal .  
2 

The ques t ion  of  t h e  p o s s i b l e  b i o l o g i c a l  e f f e c t s  

from r a d i o a c t i v e  p a r t i c l e s  which can i r r a d i a t e  small 

q u a n t i t i e s  of t i s s u e  t o  l a r g e  phys ica l  doses has  

been of i n t e r e s t  t o  t h e  s c i e n t i f i c  community and 

r a d i a t i o n  p r o t e c t i o n  groups f o r  many yea r s .  I n  sev- 

e r a l  s t u d i e s  invo lv ing  l a r g e  e x t r a p o l a t i o n s  of a v a i l -  

a b l e  d a t a ,  an enhanced tumor product ion from numbers 

of  such p a r t i c l e s  has  been p red ic t ed .  3*4 However, 

t h e  tenuous n a t u r e  of t h e  evidence and t h e  i n d i r e c t  

methods of a r r i v i n g  a t  t h e  answer have, i n  gene ra l ,  

prevented these  p r e d i c t i o n s  from ga in ing  acceptance 

i n  t h e  b iomedical  community, and t h e  s t anda rds  have 

continued t o  be  based upon o t h e r  evidence.  

I n  view of t h e  c u r r e n t  i n t e r e s t  i n  t h i s  ques- 

t i o n  and the  somewhat unusual procedure of submi t t ing  

t h e  proposal  through l e g a l  channels r a t h e r  than 

through s c i e n t i f i c  review, it was f e l t  t h a t  an 

examination of t h e  a l l e g a t i o n s  and conclus ions  would 

be  u s e f u l  i n  informing those  concerned a s  t o  t h e  

v a l i d i t y  o f  t h e  bases .  Th i s  r e p o r t ,  t h e r e f o r e ,  re-  

views i n  some d e t a i l  t h e  b a s i s  f o r  t h e  NRDC proposa l  

and b r i e f l y  i n d i c a t e s  t h e  exper imenta l  i n fo rma t ion  

a v a i l a b l e  on t h e  ques t ion .  

11. THE CONTE,WION 

While i t  is d i f f i c u l t  t o  condense t h e  arguments 

of  an  au thor  wi thout  running t h e  r i s k  o f  changing h i s  

meaning o r  emphasis,  we w i l l  b r i e f l y  summarize i n  

t h i s  s e c t i o n ,  :for t h e  o r i e n t a t i o n  of  t h e  r eade r ,  our  

unders tanding of  t h i s  con ten t ion .  However, i t  i s  

urged t h a t  r e f e r e n c e  b e  made t o  t h e  o r i g i n a l  doc- 

ument2 t o  obta:ln t h e i r  f u l l  viewpoint.  It i s  o u r  

impress ion t h a t  t h e  fo l lowing a r e  t h e  key t e c h n i c a l  

i tems upon which t h e  p e t i t i o n  i s  based.  

1. The r e s p o n s i b l e  s t a n d a r d s - s e t t i n g  organiza-  

t i o n s ,  t h e  I n t e r n a t i o n a l  Commission on Rad io log ica l  

P r o t e c t i o n  (ICIW) and t h e  Na t iona l  Council  on Radia- 

t i o n  P r o t e c t i o n  (NCRP), have given no guidance on 

t h e  ques t ion  of  l o c a l i z e d  r a d i a t i o n  dose  r e s u l t i n g  

from an a l p h a - t d t t i n g  p a r t i c l e .  

2 .  I n  Taniplin and Cochran's words, t h e  Geesa- 

man hypothes is  i n d i c a t e s  t h a t  "when a c r i t i c a l  

a r c h i t e c t u r a l  unit of a t i s s u e  ( e .g . ,  a h a i r  f o l -  

l i c l e )  i s  i r r a d i a t e d  a t  a s u f f i c i e n t l y  h igh dosage, 

t h e  chance of i . t  becoming cancerous is  approximately 

t o  . 'I The Geesaman hypo thes i s  was pub- 

l i s h e d  i n  1968 i n  a Lawrence Rad ia t ion  Laboratory  

r epor t5  (now Lawrence Livermore Laboratory) b u t  

was never  publi .shed i n  t h e  open l i t e r a t u r e .  I n  

t h i s  t heo ry ,  Geesaman r e l i e d  upon a t h e o r e t i c a l  



i n v e s t i g a t i o n  of t h e  dose d i s t r i b u t i o n  around a  par- 

t i c l e  i n  t h e  lung and e s t ima ted  s i z e s  above which 

c e l l  dea th  would r e s u l t  i n  no cancer .  I n  an  adden- 

he used d a t a  on t h e  i n d u c t i o n  of tumors i n  r a t  

s k i n  and t h e  r e l a t i o n  of t h e s e  t o  a t roph ied  h a i r  

f o l l i c e s  as a  r e s u l t  of r a d i a t i o n .  Perhaps h i s  con- 

c l u s i o n s  can b e s t  b e  s t a t e d  by quo t ing  from t h e  con- 

c l u s i o n s  s e c t i o n  of t h e  addendum. 6  

"Summing up, i n t e n s e  r a d i a t i o n  exposure of 

marmnelian s k i n  and lung t i s s u e  commonly r e s u l t s  i n  

cancers .  T i s s u e  i n j u r y  and d i s tu rbance  a r e  a  p r i -  

mary consequence of i n t e n s e  r a d i a t i o n  i n s u l t ,  and 

a r e  observed i n  a s s o c i a t i o n  wi th  carc inogenesis .  

A lbe r t  h a s  e x h i b i t e d  a  s imple  p r o p o r t i o n a l i t y  between 

s k i n  carcinoma and a t roph ied  h a i r  f o l l i c l e s .  No 

gene ra l  d e s c r i p t i o n  of  precarc inogenic  i n j u r y  e x i s t s ,  

b u t  i n  a  crude s e n s e  t h e  a v a i l a b l e  obse rva t ions  a r e  

compatible w i t h  t h e  i d e a  of an injury-mediated 

ca rc inogenes i s .  Cancer is a  f r equen t  i n s t a b i l i t y  of  

t i s s u e .  Since  t i s s u e  is more than an aggregate  of  

c e l l s ,  and has  a  s t r u c t u r a l  and f u n c t i o n a l  u n i t y  of 

i t s  own, i t  would n o t  b e  s u r p r i s i n g  i f  some d i s -  

rupted l o c a l  i n t e g r i t y ,  a  d i s t u r b e d  o rde r ing ,  com- 

p r i s e s  a  primary pathway of  ca rc inogenes i s .  The 

induc t ion  of sarcomas v i t h  i n e r t  d i s c s  of Mylar, 

ce l lophane,  Teflon,and Mi l l ipo re  is  i n d i c a t i v e  t h a t  

such a  mechanism e x i s t s .  Presumably m i t o t i c  s t e r i l -  

i z a t i o n  is an important  f a c t o r  i n  any ca rc inogenes i s  

mzdiated by radia t ion- induced t i s s u e  i n j u r y .  The 

f u n c t i o n a l  r e l a t i o n  of t h i s  f a c t o r  t o  t h e  ca rc inogen ic  

response  may b e  q u i t e  d i f f e r e n t  from a  l i n e a r i t y  i n  

t h e  s u r v i v i n g  m i t o t i c  f r a c t i o n .  

''While r e g r e t t a b l y  u n q u a n t i t a t i v e ,  t h e  hypoth- 

e s i s  of an injury-mediated ca rc inogenes i s  is sugges- 

t i v e l y  d e s c r i p t i v e .  I f  t h e  r e s p i r a t o r y  zone of t h e  

lung con ta ins  a  s t r u c t u r e  analogous t o  t h e  r a t  h a i r  

f o l l i c l e ,  and i f  a  r a d i o a c t i v e  p a r t i c u l a t e  depos i t ed  

i n  t h e  r e s p i r a t o r y  zone has  t h e  capac i ty  t o  d i s r u p t  

one o r  more of t h e s e  s t r u c t u r e s  and c r e a t e  a  pre- 

cancerous l e s i o n ,  then cancer  r i s k s  of t h e  o rde r  of 

and p e r  p a r t i c l e  can be  expected f o r  bur- 
8 dens  much l e s s  than 10  p a r t i c l e s . "  

Again, however, t h e  r eade r  i s  urged t o  review 

t h e  o r i g i n a l  document t o  o b t a i n  t h e  f u l l  argument. 

3. I n  de r iv ing  p resen t  l i m i t s  f o r  a lpha  

e m i t t e r s  i n  t h e  lung ,  Tamplin and Cochran i n d i c a t e  

t h a t  no f a c t o r  was included t o  account f o r  t h e  non- 

uniform d i s t r i b u t i o n  of  r a d i a t i o n  i n  t h e  lung  a s  is  
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done i n  t h e  ICRP and NCRP formulat ion of bone dosim- 

e t r y .  I t  was po in ted  o u t  t h a t  such a  d i s t r i b u t i o n  

f a c t o r  could b e  de f ined  by: 

number of  cance r s  non-uniform d i s t r i b u t i o n )  
DF = number of cancers  :uniform d i s t r i b u t i o n )  

"Since d i r e c t  exper imenta l  evidence a r e  n o t  a v a i l -  

a b l e . .  . . ,"' they chose t o  a t t empt  a  d e f i n i t i o n  of 

t h i s  f a c t o r  from t h e  Geesaman hypo thes i s  i nc lud ing  

t h e  q u a n t i t a t i v e  d e r i v a t i o n  of  p r o b a b i l i t y  of  can- 

c e r  i nduc t ion  de r ived  from r a t  s k i n  h a i r  f o l l i c l e s .  

4 .  As r ega rds  human d a t a ,  they d i s c u s s  t h e  

c a s e  of a  s k i n  l e s i o n  from plutonium embedded i n  t h e  

epidermis ;  a  purpor ted  c a s e  of  s y n o v i a l  sarcoma due 

t o  contaminat ion dur ing  hand l ing  of  a  carboy; t h e  

Los Alamos cases  which d a t e  back t o  t h e  Manhattan 

P r o j e c t  and a r e  d ismissed a s  n o t  having r ece ived  

p a r t i c l e s  of s u f f i c i e n t  a c t i v i t y ;  and a  group of 

exposed Rocky F l a t s  workers which a r e ,  aga in ,  d i s -  

missed on t h e  grounds t h a t  t h e  t ime s i n c e  exposure  

has  n o t  been long emugh f o r  cancer  t o  develop.  I n  

t h e  f i r s t  case, t h e  statement of t h e  p a t h o l o g i s t  

t h a t  " t h e i r  s i m i l a r i t y  t o  known precancerous  ep i -  

dermal c y t o l o g i c a l  changes,  of course ,  r a i s e d  t h e  

ques t ion  of t h e  u l t i m a t e  f a t e  of  such a  l e s i o n . .  . . . l t 7  

seems t o  be i n t e r p r e t e d  a s  proof t h a t  cancer  would 

have developed. I n  t h e  second c a s e ,  a s e r i e s  of 

c i r c u m s t a n t i a l  i n f e r e n c e s  i s  quoted t o  "prove" t h a t  

t h e  cancer  was due t o  plutonium. 

5. Since  t h e  Geesaman hypo thes i s ,6  a s  g iven i n  

h i s  e a r l i e r  r e p o r t s ,  seems t o  have no dependence of  

e f f e c t  on r a d i a t i o n  dose  o r  amount of  a c t i v i t y  p e r  

p a r t i c l e  b u t  s t a t e s  t h a t  t h e  e f f e c t  i s  due t o  t h e  

number of p a r t i c l e s ,  Tamplin and Cochran modify t h i s  

hypotheeis  by e s t a b l i s h i n g  a  c r i t i c a l  p a r t i c l e  s i z e  

below which t h e  e f f e c t  w i l l  n o t  b e  noted ( i . e . ,  a 

t h r e s h o l d ? ) .  T h e i r  b a s i s  is  given by t h e  fo l lowing 

quo ta t ions :  
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''Not a l l  p a r t i c l e s  would b e  expected t o  r e s u l t  

i n  t h e s e  h igh  cancer  p r o b a b i l i t i e s .  A s  t h e  p a r t i c l e  

s i z e  o r  s p e c i f i c  a c t i v i t y  p e r  p a r t i c l e  is  reduced s o  

i s  t h e  dosage t o  the  surrounding t i s s u e .  Indeed, 

a t  s u f f i c i e n t l y  small p a r t i c l e  s i z e  o r  s p e c i f i c  ac- 

t i v i t y ,  one would expect  t h e  r a d i a t i o n  i n s u l t  t o  

behave s i m i l a r  t o  uniform i r r a d i a t i o n .  The s tudy  of 

Albe r t  on i n d u c t i o n  of cancer  i n  r a t  s k i n  i n d i c a t e s  

a  p r e c i p i t o u s  change i n  t h e  dose  response  curve a s  
5 5  

t h e  dosage exceeds 1,000 rem. ..... This  sugges t s  



that  a particular leve l  o f  t i ssue  damage must occur 

before t h i s  unique carcinogenic response occurs. 

The experiments o f  Laskin et aZ. indicate a s igni f -  

icant carcinogenic response i n  the  lung at  1400 rem, 

suggesting a comparable sens i t i v i t y  o f  lung t i s sue .  
56 

Geesaman indicates that  the t i ssue  repair time i n  

the lung i s  o f  the order o f  one year.57 I t  there- 

fore seems appropriate, but not necessarily conser- 

vat ive ,  t o  accept as guidance that t h i s  enhanced 

cancer r i sk  occurs when particles irradiate the sur- 

rounding lung t i s sue  at a dose rate o f  1000 rem/yr 

or more. ..... using Geesaman's lung model, a par- 

t i c l e  with an alpha ac t i v i t y  between 0.02 p C i  and 

0.14 p C i  i s  required t o  give a dose o f  1000 rem/yr 

t o  irradiated lung t i s sue .  For purposes o f  estab- 

lishing a maximum permissible lung particle burden 

we w i l l  use 0.07 p C i  from long half- l ived (greater 

than one year) isotopes as the  l imit ing alpha activ- 

i t y  t o  qual i fy  as a hot particle." 

Reference 55 i n  the  above quotation i s  t o  A l -  

bert e t  aZ.;8 reference 56 t o  Laskin e t  aZ.;9 and 

reference 57 to  Geesaman. 
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6 .  From their  de f in i t i on  o f  a ''hot particle," 

Tamplin and Cochran derived values for occupational 

exposure by comparing the  r i sk  o f  lung cancer from 

dose rates o f  15 r e m s / ~ r  t o  the  lung t o  assumed 

r isks  from particles o f  1/1000, 1/2000, and 1/10 000 

per particle. They then reconunended as ".....a some- 

what arbitrary compromise and . . . .. not the most 

conservative value.. . . . l t 2  the use o f  a r i sk  o f  

1/2000 per hot particle i n  determining the maximum 

permissible lung burden for insoluble alpha-emitting 

radionuclides i n  hot particles. From t h i s  they 

arrived at a value o f  2 particles or 0.14 p C i  for a 

reduction i n  the maximum permissible lung burden by 

a factor o f  115 000. 

For individual members o f  the public, a value 

o f  0.2 hot particle,  while recognizing the dis- 

parity i n  risk occasioned by a fractional number o f  

particles per person, i s  recommended along with a 

value o f  0.07 hot particle as the average lung bur- 

den for members o f  the public. Limiting values for 

so i l  contamination and accidents are also derived 

by similar considerations. 

111. PARTICLES AND RADIATION MSE 

The origin o f  the NRDC proposal l i e s  i n  the  

very non-uniform radiation dose to  the t i ssue  

surrounding a radioactive particle. For th i s  reason, 

we w i l l  i n i t : i a l l y  provide some description o f  the 

nature o f  t h i s  non-uniformity and the application o f  

the concept o f  radiation dose t o  biological problems. 

A. The Radiation Dose around a Particle 

The unique feature o f  a particulate source o f  

radioactive material (particularly for an alpha 

emitter because o f  the short range o f  the alpha par- 

t i c l e )  i s  the rapid change i n  dose or dose rate as 

one moves away from the particle and the re la t ive ly  

small amount: o f  t i s sue  exposed t o  the dose. I f  one 

ignores the de ta i l s  .of the Bragg curve, the dose i n  

a uniform density t i ssue  at  reasonable distances 

from the particle follows the inverse square law for 

alpha partic:les. For the lung, the presence o f  the 

alveoli  and a ir  passages resul t s  i n  varying degrees 

o f  absorpticln, depending on the  actual mass o f  t i s -  

sue encounta!red, so that  the  inverse square relation 

i s  distortecl by the varying absorption and the dose 
5 pattern may be non-symmetrical. Geesaman has 

approximatecl t h i s  dose pattern by assuming a cubical 

l a t t i c e  representing the a i r  spaces i n  the human, 

while Anderaon and ~ean" have used micrographs and 

computer prclgrams t o  calculate the  pattern for the 

hamster. 

The e f f e c t  on the calculated dose o f  varying 

the volume over which energy deposition i s  averaged 

i s  shown i n  F i g .  1 .  (This i s  not the radial dose 

d is tr ibut ion ,  which extends only from the particle 

surface t o  t:he maximum alpha range and for which the 
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F i g .  1 .  Ca11:ulated dose rate averaged over d i f f e r e n t  
distances from a 0.28-pCi particle vs  the 
tis!sue mass involved i n  averaging. R rep- 
resents the range o f  the particle.  



a b s c i s s a  would b e  d i s t ance . )  The c a l c u l a t i o n s  a r e  

f o r  a  p a r t i c l e  of 0.28 pCi of  2 3 9 ~ ~  i n  t i s s u e s  of  

two d i f f e r e n t  d e n s i t i e s .  It i s  assumed t h a t  t h e  

energy l o s s  p e r  u n i t  pa th  l e n g t h  is cons tan t  s o  t h a t  

t h e  a lpha  p a r t i c l e  d e p o s i t s  energy uniformly a long 

i t s  pa th .  The range i n  u n i t  d e n s i t y  t i s s u e  is  taken 

as 40 pm,ll wi th .  t h e  range f o r  o t h e r  t i s s u e s  s c a l e d  

t o  t h e  t i s s u e  d e n s i t y .  The doses g iven a r e  annual  

doses averaged over  t h e  volume of t i s s u e  given.  

The curve  i n d i c a t e d  as d e n s i t y  1 i s  c a l c u l a t e d  f o r  

u n i t  d e n s i t y  t i s s u e .  and t h e  curve  f o r  d e n s i t y  = 0.12 

is  f o r  a  uniform t i s s u e  having a  d e n s i t y  o f  0.12, cor-  

responding t o  t h e  average bulk  d e n s i t y  of Geesaman's 

lung model a t  h a l f  i n f l a t i ~ n . ~  No c o r r e c t i o n  was 

made f o r  the  se l f - abso rp t ion  i n  t h e  p a r t i c l e ,  al- 

though this should  b e  n e g l i g i b l e  f o r  t h e s e  small 

PuO p a r t i c l e s  i n  comparison t o  t h e  e r r o r s  caused by 
2  

o t h e r  assumptions.  The annual  doses  a r e  g iven bo th  

i n  r a d s  which can b e  converted t o  rena by t h e  con- 

v e n t i o n a l l y  used q u a l i t y  f a c t o r  of  10 .I2 It must b e  

emphasized t h a t  t h i s  convers ion t o  rems is p a r t i c -  

u l a r l y  u n c e r t a i n  f o r  t h i s  case ,  s i n c e  t h e r e  a r e  no 

d a t a  which can b e  used t o  a s s e s s  t h e  r e l a t i v e  e f f e c t s  

of  a lpha  r a d i a t i o n  and t h e  r e f e r e n c e  r a d i a t i o n  i n  

t h i s  p a r t i c u l a r  geometry o f  i r r a d i a t i o n .  

Figure  1 is intended t o  i n d i c a t e  t h e  wide v a r i a -  

t i o n  i n  dose which can b e  c a l c u l a t e d  by d i f f e r e n t  

assumptions of  averaging volume. Even h e r e  we have 

minimized t h e  dose t o  i n d i v i d u a l  c e l l s  by p l o t t i n g  

t h e  average over  t h e  volume t o  t h e  f r a c t i o n  of t h e  

range considered.  The dose t o  an i n d i v i d u a l  c e l l  a t  

d i f f e r i n g  d i s t a n c e s  v a r i e s  even more than t h i s  aver- 

age.  

We have not  considered i n  t h i s  c a l c u l a t i o n  t h e  

photon dose from x rays  o r  i n f r equen t  gamma rays  

from e i t h e r  2 3 8 ~ ~  o r  2 3 9 ~ ~ ,  s i n c e  t h e  focus of t h e  

d i scuss ion  is  on a l p h a - p a r t i c l e  e f f e c t s .  I t  should  

be noted,  however, t h a t  t hese  photons a r e  more pene- 

t r a t i n g  and w i l l  r e s u l t  i n  lower doses a t  d i s t a n c e s  

beyond t h e  range of t h e  a lpha p a r t i c l e s .  

B.  L imi t a t ions  on t h e  Usefulness of  Radia t ion Dose 

Ca lcu la t ions  such a s  those  given i n  t h e  preced- 

i n g  s e c t i o n  a r e  i n t e r e s t i n g  and have been made by 

va r ious  i n d i v i d u a l s  f o r  many yea r s .  The ques t ion  

remains a s  t o  t h e i r  u se fu lness  and meaning i n  a s ses s -  

i n g  a  b i o l o g i c a l  problem. 

The primary use  of  r a d i a t i o n  dose ,  i n  p r a c t i c e ,  

is a s  a  phys ica l  parameter t o  b e  used i n  c o r r e l a t i n g  

and e x t r a p o l a t i n g  exper imenta l  d a t a  on b i o l o g i c a l  

e f f e c t s  on an e m p i r i c a l  b a s i s .  Thus, t h e  p resen t  

l i m i t s  f o r  r a d i a t i o n  exposure a r e  based upon observa- 

t i o n s  of e f f e c t s  i n  humans f o r  whom t h e  dose has  

been e s t ima ted .  There is no a p r i o r i  b a s i s  f o r  

a s s ign ing  an e f f e c t  t o  a  g iven dose,  s i n c e  ou r  

unders tanding of  t h e  b a s i c  mechanisms of r a d i a t i o n  

ca rc inogenes i s  and t h e  i n f l u e n c e  of c e l l u l a r  i n t e r -  

a c t i o n s  i s  complete ly  inadequate .  Thus, r a d i a t i o n  

doses  a r e  meaningful only  when r e l a t e d  t o  e m p i r i c a l  

d a t a  on t h e  outcome. As a  c o r o l l a r y ,  t h e  f u r t h e r  

one e x t r a p o l a t e s  from t h e  exper imenta l  cond i t ions  

under which t h e  dose-effect  r e l a t i o n s h i p  is  noeasured, 

t h e  g r e a t e r  t h e  u n c e r t a i n t y .  Thus,  p r e d i c t i n g  t h e  

behavior  of t h e  e f f e c t s  on i n d i v i d u a l  c e l l s  o r  ag- 

g rega te s  of  c e l l s  i n  a  func t ion ing  organ from i n  

v i t m  s t u d i e s  i n  c e l l  c u l t u r e  i s  a  ve ry  wide ext rap-  

o l a t i o n  which ignores  t h e  ve ry  d i f f e r e n t  environment 

of  t h e  c e l l s  i n  t h e  organ and t h e  p o t e n t i a l  i n t e r -  

a c t i o n s  which occur  among c e l l s .  (Such i n  v i t ro  

s t u d i e s ,  hovever ,  are of g r e a t  i n t e r e a t  f o r  o t h e r  

reasons, such a s  s t u d i e s  of  t h e  mechanisms of  damage 

a t  t h e  c e l l u l a r  l e v e l . )  S i m i l a r l y ,  e x t r a p o l a t i n g  

from t h e  e f f e c t s  of  a  p a r t i a l  organ i r r a d i a t i o n  t o  

a  f u l l  organ ( o r  v i c e  ve r sa )  can l e a d  t o  a  m i s -  

e s t i m a t e .  I t  is  f o r  t h e s e  r easons  t h a t  i c s t  s c i -  

e n t i s t s  have r e f r a i n e d  from u s i n g  dose c a l c u l a t i o n s ,  

such as t hose  g iven  e a r l i e r ,  t o  a r r i v e  a t  conclu- 

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

have p r e f e r r e d  t o  depend upon exper imenta l  evidence 

which b e a r s  more d i r e c t l y  on t h e  a c t u a l  cond i t ions .  

A f u r t h e r  f a c t o r  of  importance i n  t h e  u s e  of 

phys ica l  dose  a s  a  c o r r e l a t i n g  concept is  t h e  exac t  

method of expres s ion  of dose .  That i s ,  i f  a  cor-  

r e l a t i o n  wi th  e f f e c t  i s  e s t a b l i s h e d  us ing  one method 

of c a l c u l a t i n g  t h e  dose ,  i t  is  no t  v a l i d  t o  apply 

t h i s  c o r r e l a t i o n  i f  ano the r  b a s i s  f o r  dose  c a l c u l a -  

t i o n  is  chosen. As an i l l u s t r a t i o n  which, i n c i -  

d e n t a l l y ,  seems p e r t i n e n t  t o  t h e  problem a t  hand, 

"aughan13 i n d i c a t e s  t h a t  90% of t h e  i o n i z a t i o n  a long 

an a lpha  p a r t i c l e  t r a c k  formed i n  u n i t  d e n s i t y  tis- 

sue  i s  con ta ined  i n  a  c y l i n d e r  of 0.01-pm r a d i u s  

wi th  t h e  a x i s  of  t h e  c y l i n d e r  a long  t h e  t r a c k .  For 

an a lpha p a r t i c l e  wi th  5.15-MeV i n i t i a l  energy,  t h e  

range is  about 40 urn. The average dose  t o  t h i s  
6 

l i m i t e d  volume, t h e r e f o r e ,  i s  about 6 x  10  r a d s ,  

w i th  even h i g h e r  average doses f o r  s m a l l e r  r a d i i  

and a t  t h e  peak of t h e  Bragg curve .  For a  1000-g 



organ of u n i t  d e n s i t y  t i s s u e ,  t h e  c u r r e n t  occupa- 

t i o n a l  l i m i t  of 1 .5  r a d s  (15 rems) p e r  y e a r ,  even 

assuming homogeneous d i s t r i b u t i o n  of t h e  a lpha  
3 

t r a c k s ,  means t h a t  about 0 .25 mm of t i s s u e  is  ir- 
6 

r a d i a t e d  t o  doses  above 4  x  1 0  r a d s ,  o r  i f  a  dose 
3 

of 1000 r ads  were chosen, a  volume of some 1500 mn . 
Since u n i t  d e n s i t y  t i s s u e  was chosen f o r  t h i s  i l l u s -  

t r a t i o n ,  t h e  r e s u l t s  do n o t  compare wi th  t h o s e  f o r  

a  p a r t i c l e  us ing  t h e  Geesaman model. However, i t  

is c l e a r  t h a t  even a  "homogeneous" d i s t r i b u t i o n  of  

a lpha  r a d i a t i o n  through a  body, of t i s s u e  r e s u l t s  i n  

cons ide rab le  non-uniformity i n  dose  d i s t r i b u t i o n .  

Fur the r ,  f o r  t h e  example chosen, one could expres s  

t h e  limits a s  1 5  rems t o  t h e  1000 g  of t i s s u e  o r  a s  

a l i m i t a t i o n  on t h e  volume of t i s s u e  exceeding a  
3 

given dose.  For example, no more than 0 .3  mm of 
7 

t i s s u e  s h a l l  exceed 4  x  10  reme o r  no more than  
3 

1500 mm s h a l l  exceed 10  000 rems. Although t h e  l a t -  

t e r  methods of expres s ion  invo lve  numbers t h a t  a r e  

f r i g h t e n i n g l y  high i n  more normal con tex t ,  all t h r e e  

methods d e f i n e  t h e  same t o t a l  energy depos i t ion .  

However, n o t e  t h a t  i t  would b e  h i g h l y  improper t o  

apply  t h e  15-rems va lue  t o  t h e  dose  a long t h e  t r a c k  

j u s t  a s  i t  would be  improper to  apply t h e  dose a long 

t h e  t r a c k  t o  t h e  dose  a r i s i n g  from an assumption of 

uniform t i s s u e  d i s t r i b u t i o n .  

A s p e c i f i c  po in t  i n  t h e  Tanrplin-Cochran d i s -  

s e r t a t i o n 2  is t h e  use  of t h e  " d i s t r i b u t i o n  f a c t o r "  

(DF) i n  c a l c u l a t i n g  t h e  dose  i n  rems f o r  i n t e r n a l  

e m i t t e r s  and is suppor ted by t h e  f a c t  t h a t  a  DF of 

5  is used i n  c a l c u l a t i n g  t h e  dose  f o r  bone. They 

then  i n d i c a t e  t h a t  a  DF should  be  app l i ed  t o  lung.  

However, i t  must be  r e a l i z e d  t h a t  a  dose c a l c u l a t i o n  

was n o t  used t o  a r r i v e  a t  t h e  p resen t  maximum per- 

m i s s i b l e  body burden f o r  plutonium.14 I n s t e a d ,  a  

comparison of b i o l o g i c a l  e f f e c t s  ( p r i m a r i l y  on bone) 

was made between plutonium and radium. On t h e  b a s i s  

of t h e s e  d a t a ,  i t  was deduced t h a t  plutonium i n  t h e  

body i s  2.5 t imes a s  harmful a s  radium on a  micro- 

c u r i e  b a s i s .  S ince  t h e  maximum pe rmiss ib l e  body 

burden f o r  radium had been e s t a b l i s h e d  from s t u d i e s  

of humans a s  0 .1  pCi, t h e  maximum pef iniss ib le  body 

burden f o r  plutonium was s e t  a t  0.04 U C i .  

The dose cons ide ra t ions  quoted by Tamplin and 

Cochran a rose  i n  an a t t empt  t o  use  t h e s e  exper iments ,  

and o t h e r s  wi th  s t ron t ium,  t o  provide  a  phys ica l  

formulat ion of t h e  r e s u l t s  which could be  used f o r  

e x t r a p o l a t i o n  t o  o t h e r  bone-seekers.  For t h e  

purpose of  ~ : u c h  c a l c u l a t i o n s ,  i t  was assumed t h a t  

radium was cmiformly d i s t r i b u t e d  i n  bone. Fur the r ,  

i t  was assumed t h a t  90%, o r  e s s e n t i a l l y  a l l ,  of  t h e  

plutonium irt  t h e  body was i n  bone. S ince  t h e  i n d i -  

v i d u a l  p lutc~nium d i s i n t e g r a t i o n  l i b e r a t e d  about h a l f  

of t h e  alpha1 energy of one d i s i n t e g r a t i o n  of  radium 

wi th  i t s  acc:ompanying daughter  p roduc t s ,  t h e  fore-  

going damage: r a t i o  of 2 .5  on a  mic rocur i e  b a s i s  be- 

comes 5 on a.n average energy-del ivered (dose) b a s i s .  

The key t o  t h i s  comparison l i e s  i n  t h e  assump- 

t i o n s .  We h o w ,  f o r  example. t h a t  radium is not 

uniformly d i s t r i b u t e d  i n  bone. I n  f a c t ,  i f  any- 

t h i n g ,  i t  i s  more non-uniformly d i s t r i b u t e d  than  

plutonium. However, t h e  d e p o s i t i o n  s i t e s  a r e  d i f -  

f e r e n t  from those  of  radium s o  t h a t  t h e  plutonium 

a f f e c t s  a  d i f f e r e n t ,  and more s e n s i t i v e ,  p o r t i o n  of  

t h e  bone. One could presumably e l i m i n a t e  t h e  con- 

fus ion  caused by t h e  d i s t r i b u t i o n  f a c t o r  by r e -  

d e f i n i n g  t h e  c r i t i c a l  organ t o  i n c l u d e  only  t h e  sen- 

s i t i v e  p o r t i o n  of t h e  bone and comparing t h e  dose  

t o  t h i s  r eg ion  from plutonium and radium. We a l s o  

n o t e  i n  pass ing t h a t  t he  more r e c e n t  examination of  

t h e  d i s t r i b u t i o n  of plutonium i n  animals i n d i c a t e s  

t h a t  only  about 40 t o  50% of t h e  plutonium is  i n  t h e  

bone. I f  t h i s  were t r u e  i n  t h e  comparison animals 

( a s  seems l i k e l y ) ,  t hen  t h e  a c t u a l  d i s t r i b u t i o n  f ac -  

t o r  f o r  bone c a l c u l a t i o n s  should  be  10 r a t h e r  than  5. 

We have in t roduced  t h i s  r a t h e r  lengthy d i s -  

cuss ion  on bone dose  c a l c u l a t i o n s  t o  i n d i c a t e ,  once 

aga in ,  t h e  d i f f i c u l t y  i n  applying dose  c a l c u l a t i o n s  

and concepts  de r ived  f o r  one use  t o  a  d i f f e r e n t  prob- 

lem without  f u l l  unders tanding of what was done. I n  

t h e  above c a s e ,  t h e  s a l i e n t  f e a t u r e  is  t h a t  radium 

is  non-uniformly depos i t ed  s o  t h a t  some s e c t i o n s  of  

t h e  bone recmeive doses o r d e r s  of  magnitude g r e a t e r  

than o the r s .15  The d i s t r i b u t i o n  f a c t o r  i s  n o t  i n -  

tended t o  i n d i c a t e  g r e a t e r  l o c a l i z e d  dose  from 

plutonium b u t ,  r a t h e r ,  t h a t  t h e  d i s t r i b u t i o n  i n  bone 

i s  d i f f e r e n t  from t h a t  of radium on a  g ross  b a s i s .  

C .  Previou~a Guidance 

An i n t e r e s t i n g  po in t  i n  t h e  Tamplin-Cochran 

document i s :  "It i s  important  t o  recognize  t h a t  t h e  

ICRP has  g iven no guidance w i t h  r e s p e c t  t o  non- 

uniform i r r a d i a t i o n  of t h e  lung  by i n s o l u b l e  a lpha-  

e m i t t e r s  sucli a s  i n s o l u b l e  plutonium p a r t i c l e s  ." 
They then quote  one of many s t a t emen t s  made by t h e  

I C R P ~ ~  and o t h e r  groups which i n d i c a t e  t h a t  t h e r e  is 

no c l e a r  evidence a s  t o  whether t h e  e f f e c t  of t h e  



non-homogeneous dose  is  g r e a t e r  o r  l e s s  t h a n  t h a t  o f  

t h e  homogeneous dose .  They i n t e r p r e t  t h i s  s t a t emen t  

a s :  " In  e f f e c t ,  t h e  ICRP is say ing  t h a t  t h e r e  is no 

guidance  ....." A quo te  from t h e  NCRP fo l lows  con- 

ce rn ing  t h e  s i g n i f i c a n t  volume o f  t i s s u e  which con- 

c ludes :  " . . . . .For example, i f  a  s i n g l e  p a r t i c l e  of 

r a d i o a c t i v e  m a t e r i a l  f i x e d  i n  e i t h e r  lung o r  lymph 

node might be  ca rc inogen ic ,  t h e  ave rag ing  of dose  

e i t h e r  over  t h e  lung o r  even over  one cub ic  c e n t i -  

meter  may have l i t t l e  t o  do w i t h  t h i s  ca se .  ,812 

While we do n o t  f e e l  t h a t  i t  i s  u s e f u l  t o  quo te  

such bod ie s  a t  l e n g t h ,  t h e r e  is evidence  t h a t  t h e  

problem h a s  been considered  s i n c e  t h e  e a r l y  days o f  

t h e  d e r i v a t i o n  of limits. One of t h e  e a r l i e r  s t a t e -  

ments a r o s e  from a  T r i - P a r t i t e  Conference i n  1949 
17 

a t  which s c i e n t i s t s  from t h e  United Kingdom, Canada, 

and t h e  United S t a t e s  were a r r i v i n g  a t  t h e  conclu- 

s i o n s  which were l a t e r  app l i ed  by many of t h e s e  same 

people  i n  t h e  ICRP and NCRP recommendations: "In 

r e l a t i o n  t o  t h e  p o s s i b l e  p a t h o l o g i c a l  e f f e c t s  of 

r a d i o a c t i v e  p a r t i c l e s  i n  t h e  l ungs ,  D r .  Hamilton 

pointed  ou t  t h a t  t h e  c e l l s  i n  t h e  immediate neigh- 

borhood of a  d u s t  p a r t i c l e  c o n t a i n i n g  1 o r  2% of 

plutonium would be  s u b j e c t e d  t o  a  dose  of about  

400 r /day .  The g e n e r a l  op in ion  which emerged from 

t h e  d i s c u s s i o n  was t h a t  t h e  ca rc inogen ic  e f f e c t  p e r  

u n i t  volume is probably  cons ide rab ly  l e s s  f o r  t h e  

i r r a d i a t i o n  of s m a l l  masses of t i s s u e  than  f o r  

l a r g e .  " Thi s  conc lus ion  undoubtedly a f f e c t e d  t h e  

p r a c t i c e  of c a l c u l a t i n g  dose  as t h e  average dose  t o  

an organ a t  t h a t  t ime and comprises d e f i n i t e  guid- 

ance on t h e  hand l ing  of such problems. However, t h e  

ma t t e r  d i d  n o t  r e s t  t h e r e ,  s i n c e  s e v e r a l  n a t i o n a l  and 

i n t e r n a t i o n a l  groups cont inued i n v e s t i g a t i o n  from 

t h a t  time t o  t h e  p r e s e n t ,  w i t h  f r equen t  s t a t e m e n t s  
16,18-21 

a s  t o  t h e  l a c k  of d e f i n i t i v e  i n fo rma t ion .  

Hcuever, i n  s p i t e  of t h e  i n d i c a t i o n s  of p e r i o d i c  

q u e s t i o n i n g  and reviews,  t h e r e  has  been no r e v i s i o n  

i n  t h e  p r a c t i c e s  which they recommended of u s i n g  t h e  

average  organ dose a s  a  b a s i s  f o r  e s t a b l i s h i n g  

s t a n d a r d s .  

From t h e  above, i t  seems c l e a r  t h a t  t h e  ICRP 

and t h e  NCRP did f u r n i s h  guidance on t h e  p e r t i n e n t  

dose t o  b e  used f o r  s t a n d a r d s - s e t t i n g :  t h e  u s e  of 

an average  c a l c u l a t e d  dose  t o  an organ,  w i t h  f u l l  

r e c o g n i t i o n  of t h e  non-uniform d i s t r i b u t i o n  of dose  

around t h e  p a r t i c l e .  I n  s p i t e  of numerous reviews 

of t h e  ques t ion  over  t h e  i n t e r v e n i n g  y e a r s ,  they 

have r e i t e r a t e d  t h i s  guidance by n o t  changing it .  

It i s  d i f f i c u l t  t o  suppor t  any c l a im  o f  no guidance  

i n  view of t h i s  r eco rd  on t h e  p a r t  of bod ie s  which 

have t r a d i t i o n a l l y  been i n  t h e  f o r e f r o n t  of recog- 

n i z i n g  p o t e n t i a l  problems ( i . e . ,  g e n e t i c  e f f e c t s )  

and p rov id ing  g e n e r a l l y  c o n s e r v a t i v e  recommenda- 

t i o n s .  

One recommendation o f  t h e  NCRP'~ (wh i l e  per-  

haps n o t  complete ly  a p p l i c a b l e  t o  t h e  p a r t i c l e  c a s e  

as is  shown by t h e i r  example s i t u a t i o n  quoted 

e a r l i e r )  is  of i n t e r e s t  when combined wi th  Geesa- 

man's e s t i m a t e  o f  a  p a r t i c l e  s i z e  above which can- 

c e r  would n o t  b e  expected  due t o  c e l l  death. '  The 

NCRP s t a t emen t  i s ,  "S impl i f i ca t ions  i n  p r a c t i c e  

h inge  l a r g e l y  on r e p o r t i n g  a  s i n g l e  r e p r e s e n t a t i v e  

p r o t e c t i o n  dose  f o r  a  l i m i t i n g  organ sys tem even 

when t h e  a c t u a l  i r r a d i a t i o n  is  g r o s s l y  non-uniform. 

The r e p r e e e n t a t i v e  dose  i s  t aken  a s  t h e  h i g h e s t  t h a t  

can be  ob ta ined  by ave rag ing  over  a  p r e s c r i b e d  s i g -  

n i f i c a n t  volume. The i m p l i c a t i o n  o f  t h i s  concept  

..... i s  t h a t  any r e d i s t r i b u t i o n  of a  g iven  dose  

w i t h i n  such a  v o l u m e  d o e s  no t  m a t e r i a l l y  a l t e r  t h e  

r a d i a t i o n  response .  It is  u s u a l l y  assumed t h a t  t h e  

' s i g n i f i c a n t  volume' should  be  of t h e  o r d e r  of one 

cub ic  c e n t i m e t e r .  Th i s  w i l l  be  g r o s s l y  conse rva t ive  

under most c i r cums tances ,  and i n  s p e c i a l  s i t u a t i o n s  

u s e  of a  l a r g e r  volume i s  j u s t i f i e d . "  I t  is  n o t  

c l e a r  why t h e  NCRP recommended a  s i g n i f i c a n t  volume 

r a t h e r  than a  s i g n i f i c a n t  mass, s i n c e  t h i s  r e s u l t s  

i n  ave rag ing  over  a  s m a l l e r  mass i n  t h e  l ung  than  i n  

o t h e r  t i s s u e s  due t o  t h e  d e n s i t y  d i f f e r e n c e .  

However, i f  we c a l c u l a t e  t h e  dose  over  1 cm 
3 

of lung t i s s u e  wi th  an average  d e n s i t y  of 0.12 g/cm 
3 

f o r  t h e  "hot p a r t i c l e "  of 0.07 pCi de r ived  by 

Tarnplin and ~ o c h r a n , ~  we o b t a i n  a  dose  of only  

0.055 rad  o r  0.55 rem pe r  yea r .  Thus,  one would r e -  

q u i r e  an a c t i v i t y  of 1 . 9  pCi t o  r each  t h e  l i m i t  of  

15 rems pe r  y e a r  f o r  t h i s  s i n g l e  cub ic  cen t ime te r  of 

t i s s u e  ( o r  an a c t i v i t y  of 1 5  pCi f o r  a  s i n g l e  cub ic  
5 

cen t ime te r  of u n i t  d e n s i t y  t i s s u e ) .  Geesaman quo te s  

an a c t i v i t y  f o r  a  1-pm-diameter p a r t i c l e  of 2 3 8 ~ ~  a s  

60 pCi and a r r i v e s  a t  a  conc lus ion  t h a t  " . . . . . u n l e s s  

t h e  sou rce  s i z e ,  s ,  i s  s m a l l e r  t han  o r  of t h e  o r d e r  

of 0 . 2 5  p t h e  y e a r l y  f l u x  w i l l  b e  l e t h a l  f o r  a l l  

e p i t h e l i a l  popu la t ions  i n  t h e  exposed volume. The 

sou rce  s i z e  c o n d i t i o n  w i l l  on ly  b e  s l i g h t l y  l e s s  

s t r i n g e n t  f o r  e n d o t h e l i a l  popu la t ions  s  < 0.35 u."  
The i m p l i c a t i o n  of t h e  above i s  t h a t  no cancer  w i l l  



develop for particles larger than those described 

since the c e l l s  are k i l l ed .  According t o  the con- 

.s tants used by Geesaman, a 0.25-pm particle would 

have an ac t i v i t y  o f  about 2.5 p C i ,  which compares 

with the 2 p C i  t o  give 15 rems t o  one cubic centi- 

meter o f  t i s sue .  Thus, i f  Tamplin and Cochran had 

chosen t o  use t h i s  available NCRP guidance along 

w f t h  the Geesaman study, t he i r  conclusions would 

have been considerably d i f f e r e n t .  

IV.  T H E  GEESAMAN HYPOTHESIS 

The Geesaman hypothesis was published as a 

Lawrence Radiation Laboratory (naw Lawrence Liver- 

more Laboratory) report i n  February 1 9 6 8 , ~  with 
6 

an addendum i n  October 1968 containing the quan- 

t i t a t i v e  estimates o f  cancer production. This work 

has never been published i n  the  open s c i e n t i f i c  lit- 

erature but remains an unreviewed and unrefereed 

study. 

Since h i s  conclusions seem t o  be based pri- 

marily upon the studies o f  fo l l icular  cancer pro- 

duced i n  rat sk in ,  we quote below those sections o f  

the report i n  which he uses these data with h i s  

references and footnotes deleted. 

"Albert 's  study o f  radiation-induced carcinoma 

i n  rat skin gives some quantitative description o f  

a high-dose carcinogenic si tuation.  Since such 

descriptions are rare, and since Albert's results  

have implications t o  r i sk  analysis i n  general, h i s  

experiment i s  outlined here. 
2 

"A skin area o f  24 cm was exposed to electron 

radiation with various depths o f  maximum penetra- 

t ion.  ..... In a l l  cases the  response scale at 

s u f f i c i e n t l y  high doses was large, -1 t o  5 tumors 

per rat at 80 weeks a f t e r  exposure. I t  was noted 

by Albert that when the  dose was normalized t o  a 

skin depth o f  0.27 ma, the three response curves 

became continuous. Since t h i s  depth i s  near the 

base o f  the hair f o l l i c l e  which comprises the  deep- 

e s t  reservoir o f  epi the l ia l  ce l l s  o f  the germinal 

layer,  it was suggestive that t h i s  might be a c r i t -  

i ca l  region i n  the observed carcinogenesis. The 

suggestion gained significance from the  observation 

that  most o f  the tumors are similar t o  hair fo l -  

l i c l e s ,  and that i n  the nonulcerogenic dose range 

the number o f  tumors per rat was i n  nearly constant 

ra t io  (1/2000 t o  1/4000) with the  number o f  atro- 

phied hair f o l l i c l e s . . . . .  Thus the  carcinogenesis 

i n  t h i s  experiment was remarkably correlated with 

the dose t o  and the spec i f i c  damage o f  a particular 

skin structure. When exposures were made with 

s t r ipe  and sieve patterns o f  roughly 1-mm scale,  

geometrical e f f e c t s  were observed; most notably the 

cancer induction i n  the sieve geometry was sup- 

pressed at  doses o f  1700 R, but not at  doses o f  

2300 R. The reduction. however, was again consis- 

t en t  with the  reduction i n  damage as characterized 

by atrophied hair f o l l i c l e s .  

"For perspective i t  i s  valuable t o  re la te  these 

observations t o  cellular descriptions. Carcino- 

genesis i n  Albert's experiment i s  maximum i n  the 

neighborhood o f  2000 R. I t  i s  well documented i n  
vitm and t o  a lesser extent i n  vivo that the frac- 

t ion  o f  mitotically competent ce l l s  as measured by 

clonal formation decreases i n  a nearly exponential 

fashion with the dose. From these results  a surviv- 

ing mitotic fraction o f  approximately would be 

expected i n  a population o f  germinal epi the l ia l  ce l l s  

exposed to  2000 R. Even i n  t h i s  pre-ulcerative dose 

regime the  ce l l  population s u f f e r s  severe mitotic 

injury.  I t  i s  s igni f icant  that Albert's dose 

response curves show no simple relationship with the  

surviving fraction o f  mitotically competent epi- 

t he l ia l  c e l l s .  There i s  certainly no exponential 

decrease o f  the response i n  the neighborhood o f  D 
37' 

and, i n  f a c t ,  the tumorigenesis i s  maximum i n  a dose 

region where the  population o f  mitotically compe- 

tent  c e l l s  s:hould be i n i t i a l l y  depleted by about 

5 orders o f  :magnitude. 

'To  summarize t h i s  important experiment, a high 

incidence o f  cancer was observed a f t e r  intense local 

doses o f  radiation, and the carcinogenesis was pro- 

portional t o  the damage or disordering o f  a partic- 

ular sk in  structure .I' 

The reasoning leading from t h i s  information, 

plus a discussion o f  other experiments with high 

doses and particle sources leading t o  the conclusion 

(quoted ear l ier)  o f  a cancer r i sk  o f  t o  

per particle,  i s  not given but i s  presumed to  resul t  

from the  correlation with atrophied hair f o l l i c l e s  

from Albertl.s experiments. 

There 1,s a similari ty between t h i s  work and 

the theory propounded by Virchow i n  1863 that the * 
cause o f  cancer i s  chronic t i ssue  damage. This 

* 
We are indebted t o  Dr. Roy E .  Albert ,  New York 

Universi ty,  for t h i s  l i ne  o f  reasoning. 



theory was disproved by experiments which showed 6 

t h a t  cancer can b e  produced by very potent  sub- 5 

s t a n c e s  t h a t  vary widely i n  t h e i r  capac i ty  t o  cause 

cancer,  whereas many agents  which cause damage do z 4 

not cause cancer.  Thus, whi le  t h e r e  is a f requen t  w 0 

'; 3 
assoc ia t ion  between t i s s u e  damage and cancer,  t h e r e  - 
a r e  types of cancer and types  of damage f o r  which no 

$ 2  
5 

assoc ia t ion  e x i s  ts . I 

There a r e  s e v e r a l  a spec t s  of t h e  d a t a  from t h e  

s k i n  experiments used by Geesaman, ae well as in -  
v 
0 1 2 3 4 5 6 7 8 0 1 0  

formation published l a t e r  from t h e  same s e r i e s  of Surface Dose (hrads) 

experiments, which should fo rce  some modif icat ion Fig.  2. Tumor incidence per  animal v s  s u r f a c e  dose 
of e l e c t r o n s :  (-) Sprague-Dawley s t r a i n ;  

of t h e  proposal but  a r e  n o t  included i n  t h e  Tamplin- (---) Holtzman s t r a i n ;  (-0-) adnexal tumors; 
Cochran document. These and t h e i r  impl ica t ions  f o r  

t h e  Geesaman hypothesis  a r e  reviewed below. 

A. Type of Tumor 

I n  a 1961 paper ,  Alber t  e t  aZ. f i r s t  explored 

t h e  tumors r e s u l t i n g  from i r r a d i a t i o n  of rat s k i n  

wi th  9 1 ~  b e t a  rays.22 Two s t r a i n s  of r a t s  were used 

with  t h e  tumor types and frequencies  as given i n  

Table I. They i n d i c a t e  t h e  Holtzman s t r a i n  t o  be  

s i m i l a r  t o  t h e  Sprague-Dawley s t r a i n ,  bu t  t h e  ani-  

mals were considerably o l d e r  (- 40 weeks compared 

t o  - 20 weeks f o r  the  Sprague-Dawley). 

A v a r i e t y  of tumor types were obtained. I n  

Fig. 2,  we have p l o t t e d  t h e  dose-incidence curve 

and (-0-) o t h e r  tumors. 

f o r  both s t r a i n s  f o r  t h e  predominant tumor type 

( f o l l i c l e  and sebaceous o r  "adnexal") and t h e  sum of  

all o t h e r  typee. The incidences  were cor rec ted  f o r  

t h e  u n i d e n t i f i e d  tumors by assuming t h e s e  t o  a r i s e  

i n  t h e  same proport ion a s  t h e  i d e n t i f i e d  ones. It 

i s  of i n t e r e s t  t o  no te  the  wide d l p a r i t y  between 

t h e  response curves  of t h e  adnexal tumors and those  

of o t h e r  types ,  a s  w e l l  a s  t h e  d i s p a r i t y  between t h e  

curves  f o r  t h e  two s t r a i n s  (whether due t o  s t r a i n  o r  

age is no t  determined).  Since t h e  remainder of t h e  

experiments focused upon t h e  adnexal tumc-P, wi th  

TABLE I 

TUMOR TYPES AND FREQUENCIES FROM IRRADIATION OF RAT SKIN 

Sprague-Dawley S t r a i n  

I n i t i a l  number of r a t s  

Epidermoid carcinoma 

Adnexal tumor 

Connective t i s s u e  tumor 

Squamous papilloma 

Cyst s 

No pathologic  examination 

To ta l  

Holtzman S t r a i n  

I n i t i a l  number of r a t s  

Epidermoid carcinoma 

Adnexal tumor 

Connective t i s s u e  tumor 

Squamous papilloma 

Cysts 

No pathologic  examination 

To ta l  

Dose ( rads)  
3750 2500 1900 - - -  

14 15 1 0  

5 5 1 

62 2 3 3 

1 1 1 

6 3 0 

2 0 0 

17 - 19 - 0 - 
9 3 5 1 5 



d a t a  on o t h e r  types  d i sca rded ,  t h e  informat ion is 

aimed a t  a  ve ry  s p e c i f i c  tumor type even f o r  t h e  

organ considered : r a t  s k i n .  

B.  Volume of I r r a d i a t e d  T i s sue  

As was d i scussed  e a r l i e r ,  t h e  e x t r a p o l a t i o n  

from one cond i t ion  of i r r a d i a t i o n  o r  method of ex- 

p r e s s i n g  dose t o  ano the r  must b e  done wi th  g r e a t  

cau t ion  and a  f u l l  unders tanding of  t h e  parameters  

involved.  How, then ,  do t h e  cond i t ions  of t h e  rat 

s k i n  experiments compare w i t h  t h o s e  of t h e  p a r t i c l e  

i r r a d i a t i o n ?  

The p a r t i c l e  doses  t y p i c a l l y  invo lve  t i s s u e  

q u a n t i t i e s  of t ens  of micrograms ( s e e  Fig.  1 ) .  I n  

t h e  r a t  s k i n  exper iments ,  a r e a s  ranging from about 
2  

5  t o  30 cm were used wi th  depths from about 0 .4  t o  

about 1 .5  nun. Thus, t h e  t i s s u e  volumes ranged from 
3 

about 0.2 t o  about 5  cm o r ,  f o r  u n i t  d e n s i t y  tis- 

sue ,  0 .2  t o  5 g. 8s23-25  his is an e x t r a p o l a t i o n  i n  
3  5  

t i s s u e  volume on t h e  o r d e r  of  10  t o  1 0  . 
There a r e  s e v e r a l  obse rva t ions  i n  t h e  r a t  s k i n  

experiments which a r e  p e r t i n e n t  t o  t h e  v a l i d i t y  of  

e x t r a p o l a t i o n .  I n  one s e r i e s  of i r r a d i a t i o n s ,  expo- 

s u r e s  were made through two g r i d s  which provided 

1-wide b a r s  of i r r a d i a t i o n  a r e a  w i t h  one g r i d  

masking a l l  excep t  a  t h i r d  of t h e  a r e a  and t h e  o t h e r  

a l l  except  a  s i x t h  of t h e  a rea .23  I n  a d d i t i o n ,  a  

mask ( s i eve )  w i t h  c i r c u l a r  h o l e s  which pe rmi t t ed  an 

exposed a r e a  of a  t h i r d  of  t h e  uniform a r e a  was used. 

From t h e s e  d a t a ,  i t  was noted t h a t  t h e  response  wi th  

t h e  sma l l e r  a r e a s  was lower even though t h e  t o t a l  

dose  t o  t h e  a r e a  (expressed i n  gram-rads) was i n  t h e  

v i c i n i t y  of t h e  uniform dose  r equ i red  t o  produce t h e  

maximum inc idence  of adnexal tumors. I n  o t h e r  words, 

t h e  d e l i v e r y  of a  s p e c i f i c  amount of  energy t o  a  

given o v e r a l l  a r e a  of s k i n  r e s u l t e d  i n  fewer tumors 

when t h e  energy was d e l i v e r e d  a t  h ighe r  doses b u t  t o  

sma l l e r  suba reas .  Geesaman c o r r e c t l y  p o i n t s  o u t  t h a t  

t h i s  suppress ion occurred a t  1700 r ads  b u t  no t  a t  

2300 rads .6  However, t h e  2300-rads va lue  f o r  t h e  

uniform i r r a d i a t i o n  is  w e l l  p a s t  t h e  dose  of maximum 

tumor induc t ion ,  and t h e r e  has  been a  s i g n i f i c a n t  

drop i n  t h e  inc idence  f o r  t h i s  cond i t ion .  The re fo re ,  

i t  is d i f f i c u l t  t o  a t t r i b u t e  t h i s  e f f e c t  t o  o t h e r  

than t h e  o v e r s a t u r a t i o n  of t h e  response .  A lbe r t  e t  

aZ. conclude from t h i s  work: "The experiments re- 

por ted  he re  i n d i c a t e  t h a t ,  i n  a  l i m i t e d  dose  range, 

t h e  non-uniform r a d i a t i o n  p a t t e r n  has  t h e  e f f e c t  of 

reducing both chronic  h a i r  f o l l i c l e  damage and tumor 

format ion.  , ,23 

I n  t h e  ~ a t u d i e s  of  t h e  a s s o c i a t i o n  between h a ~ r  

f o l l i c l e  damage and tumor format ion,  A l b e r t  e t  aZ. 

noted t h a t  t h e  damage t o  t h e  h a i r  f o l l i c l e s  ac ross  

t h e  i r r a d i a t e d  a r e a  was n o t  uniform, wi th  t h e  major 

damage occur r ing  a t  t h e  c e n t e r  of  t h e  a r e a  and con- 

s i d e r a b l y  lower damage a t  t h e  edges.24 From o t h e r  

d a t a ,  i t  appears  t h a t  t h e  dose  ac ross  t h e  a r e a  was 

reasonably  utliform and t h a t  t h e  e f f e c t  was due t o  

something o t h e r  than  non-uniform dose.  From t h i s  

and t h e  preceding work, A lbe r t  e t  conclude: 

"Two obse rva t ions  i n d i c a t e  t h e  importance of t h e  

s i z e  of  t h e  i r r a d i a t e d  a r e a  on t h e  magnitude of 

h a i r  damage: (1) t h e  f o l l i c l e s  a long t h e  margin of 

t h e  i r r a d i a t e d  a r e a  a r e  r e l a t i v e l y  un in ju red  com- 

pared t o  t h e  f o l l i c l e s  i n  t h e  c e n t e r  of  t h e  ir- 

r a d i a t e d  arein.. . . . (2) t h e r e  is  a  suppress ion  of  

f o l l i c l e  daminge when t h e  i r r a d i a t i o n  is  d e l i v e r e d  

i n  a  s i e v e  pi i t tern .  .... These obse rva t ions  s t r o n g l y  

suggest  t h a t  t h e  pathogenic  mechanisms f o r  t h e  

development of  bo th  i r r e p a r a b l e  h a i r  f o l l i c l e  damage 

and s k i n  tumors depend upon b o t h  t h e  dose  and t h e  

mount o f  skin irradiated" (emphasis added).  

Thus,  t h e  d a t a  and conclus ions  i n  t h e  papers  

used by Geeszunan t o  j u s t i f y  h i s  work (and quoted by 

Tamplin and (:ochran2 a s  " b i o l o g i c a l  evidence" sup- 

p o r t i n g  t h e i r  con ten t ions )  s t r o n g l y  sugges t  t h a t  

e x t r a p o l a t i o r ~ s  t o  sma l l e r  t i s s u e  volumes may n o t  b e  

l e g i t i m a t e .  

C.  Species  Dependence 

We have a l luded  e a r l i e r  t o  t h e  d i f f e r e n c e  i n  

response curves  f o r  s k i n  tumor format ion occasioned 

by e i t h e r  the: s t r a i n  d i f f e r e n c e  o r  t h e  age of  t h e  

r a t s  used. 1:n a  paper subsequent t o  t h e  Geesaman 

p r o p o s a l ,  A l b e r t  et ~ 2 2 . ~ ~  r e p e a t e d  some of t h e i r  

s t u d i e s  us ing  mice a s  t h e  exper imenta l  animal ,  s i n c e  

i t  had been noted t h a t  t h e  response  of  mouse s k i n  

is  d i f f e r e n t ,  w i th  r e l a t i v e l y  few tumors and most 

tumors be ing  epidermoid carcinomas r a t h e r  than ad- 

nexa l  tumors.  

The r e s u l t s  of t h i s  experiment confirmed t h e  

previous  f i n d i n g s  t h a t  adnexal  tumors,  noted a s  t h e  

most probable  outcome i n  r a t s ,  were r a r e  i n  mice and 

t h a t  t h e  to ta i l  number of  tumors produced i n  mice was 

only 15 t o  20% of those  i n  r a t s  f o r  comparable con- 

d i t i o n s .  The l a c k  of adnexal  tumors was a t t r i b u t e d  

t o  the  f a c t  t h a t  t h e  h a i r  f o l l i c l e s  i n  t h e  mouse 

a r e  more r ad l .o sens i t ive  than  those  i n  t h e  r a t .  As a  

r e s u l t ,  l i t t l e  f o l l i c l e  a t rophy is  noted i n  t h e  



mouse -- e i t h e r  t h e  f o l l i c l e s  remain i n t a c t  o r  they 

a r e  des t royed.  

The r e s u l t s  of t h i s  experiment i n d i c a t e  c l e a r l y  

t h e  d i f f i c u l t i e s  of applying r e s u l t s  from one organ 

t o  another .  Even though s k i n  was t h e  t a r g e t  i n  bo th  

cases ,  t h e  d i f f e r e n c e s  i n  s t r u c t u r e  between r a t  s k i n  

and mouse s k i n  caused a  completely d i f f e r e n t  outcome 

upon i r r a d i a t i o n .  The outcome upon comparison t o  a  

d i f f e r e n t  organ such as t h e  lung,  where f o l l i c l e  

s t r u c t u r e s  o r  functions do n o t  even e x i s t ,  would 

seem t o  make t h e  f i n a l  conclus ion by Geesaman one of  

shee r  s p e c u l a t i o n .  

D. Volume of F o l l i c l e  I r r a d i a t e d  

I n  the  o r i g i n a l  s t u d i e s  of  r a t  s k i n  response ,  

A lbe r t  e t  aZ. used e l e c t r o n  beams which had an ap- 
8,22-24 

proximate l i n e a r  dec rease  i n  dose wi th  depth .  

The r e l a t i o n  between dose a t  t h e  t i p  of t h e  h a i r  

f o l l i c l e ,  l y i n g  a t  a  depth  of about 3  run, was e s t ab -  

l i s h e d  by n o t i n g  t h a t  t h e  tumor inc idence  curves  f o r  

e l e c t r o n s  of va r ious  p e n e t r a t i o n s  coincided when t h e  

dose was expressed as t h e  dose  a t  a  depth  of  

0.3 However, i t  can b e  noted t h a t  t h e  e n t i r e  

f o l l i c l e  was i r r a d i a t e d  t o  t h i s  dose  o r  g r e a t e r .  

To t e s t  t h e  dependence of t h e  e f f e c t  of doses 

t o  va r ious  p o r t i o n s  of t h e  f o l l i c l e ,  Heimbach e t  a l .  

used t h e  Bragg peak of a lpha  r a d i a t i o n  produced by a  

cyc lo t ron .26  The energy of a  37-MeV alpha beam was 

ad jus t ed  by t h e  use  of  aluminum absorbe r s  i n  t h e  

experiments s o  t h a t  t h e  Bragg peak f e l l  a t  dep ths  of 

0.12, 0 .35,  and 0 .55 mu; S ince  t h e  Bragg peak can 

produce dose r a t e s  u p - t o  5  t imes  t h a t  a long t h e  

e a r l y  p o r t i o n  of t h e  t i a c k ,  t h i s  enabled i n v e s t i g a -  

t i o n  of doses d e l i v e r e d  t o  va r ious  p a r t s  of  t h e  

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

curves  coincided when t h e  dose  was expressed a s  

minimum dose t o  any po in t  a long t h e  h a i r  f o l l i c l e .  

The tumor types  were i d e n t i c a l  w i th  t h o s e  found wi th  

e l e c t r o n s ,  and t h e r e  was once again  a  c o r r e l a t i o n  

between tumors and a t roph ied  h a i r  f o l l i c l e s ,  w i th  

t h e  r a t i o  between tumors and a t roph ied  h a i r  f o l -  

l i c l e s  of about 119000. 

From t h i s  experiment,  t h e  au thor s  concluded 

t h a t  t h e  e n t i r e  h a i r  f o l l i c l e  must be  i r r a d i a t e d  t o  

produce tumors. The minimum p e n e t r a t i o n  a lpha  r ad ia -  

t i o n  used d id  n o t  i r r a d i a t e  t h e  lowest  p a r t  of t h e  

f o l l i c l e  and d id  no t  induce tumors. The au thor s  

then suggested:  "The f i n d i n g s  r epor t ed  h e r e  can b e  

expla ined on t h e  b a s i s  t h a t  t h e  h a i r  f o l l i c l e  is  

repa rab le  from c e l l s  o r i g i n a t i n g  a t  any po in t  a long 

i ts  l e n g t h ,  and t h a t  t h e  capac i ty  f o r  such r e p a i r  is  

i n v e r s e l y  r e l a t e d  t o  t h e  degree  of damage s u s t a i n e d  

by t h e  p a r t  of t h e  f o l l i c l e  minimally damaged. The 

e x i s t e n c e  of a  ' c r i t i c a l  depth '  i n  s k i n  of about 

0 .3  mm which was demonstrated wi th  e l e c t r o n  r ad ia -  

t i o n  ..... can be  expla ined on t h e  b a s i s  t h a t  t h e  

f o l l i c l e  t i p s ,  which r ece ived  t h e  minimum dose  t o  

t h e  f o l l i c l e s ,  were t h e  most p ro tec t ed  p a r t  of t h e  

s k i n  ep i the l ium and, t h e r e f o r e ,  conta ined t h e  c r i t -  

i c a l  r e s e r v o i r  of c e l l s  f o r  r e p l a c i n g  t h e  more 

s u p e r f i c i a l  and more h e a v i l y  i r r a d i a t e d  c e l l s .  ,126 

S ince  t h e  h a i r  f o l l i c l e  is  a  few t e n t h s  m i l l i -  

meters  long ( s e v e r a l  hundred pm) and t h e  range of an  

a lpha  p a r t i c l e  i s  about 50 pm, t h e s e  r e s u l t s  s t r o n g l y  

suggest  t h a t  a  s i n g l e  a lpha-emit t ing p a r t i c l e ,  even 

i f  i t  could  be  p l aced  i n  r a t  s k i n ,  would no t  produce 

tumors. Thus, i n  t h e  s t a t emen t  of  t h e  Geesaman 

hypo thes i s ,  "If t h e  r e s p i r a t o r y  zone of t h e  lung 

c o n t a i n s  a  s t r u c t u r e  analogous t o  t h e  r a t  h a i r  f o l -  

l i c l e ,  and i f  a  r a d i o a c t i v e  p a r t i c l e  depos i t ed  i n  

t h e  r e s p i r a t o r y  zone has  t h e  capac i ty  t o  d i s r u p t  one 

o r  more of t h e s e  s t r u c t u r e s  ....., t hen  cancer  r i s k s  

of t h e  o r d e r  of  t o  p e r  p a r t i c l e  can b e  

expected."6 The second c o n d i t i o n a l  c l a u s e  does  no t  

fo l low un les s  t h e  f i r s t  is modified t o  fu.t'.ler re-  

d e f i n e  t h e  h y p o t h e t i c a l  s t r u c t u r e  t o  a  s i z e  where 

i t  w i l l  be  f u l l y  i r r a d i a t e d  by t h e  p a r t i c l e  ( i . e . ,  

l e s s  than  -100 pm). A f u r t h e r  necessary  cond i t ion  

is  t h a t  such s t r u c t u r e s  be  l o c a t e d  throughout t h e  

lung wi th  such a  frequency t h a t  t h e  p a r t i c l e  w i l l  

i r r a d i a t e  one wi th  a  p r o b a b i l i t y  approaching u n i t y .  

Th i s  appears  t o  be  s t r e t c h i n g  an a l r eady  tenuous 

theo ry  beyond t h e  realm of  c r e d i b i l i t y .  

V.  THE TAMPLIN-COCHRAN APPLICATION 

I n  t h e  Tamplin-Cochran i n t e r p r e t a t i o n  of t h e  

Geesaman work,* they i n t r o d u c e  t h e  concept of a  

" c r i t i c a l  a r c h i t e c t u r a l  u n i t "  i n  t h e  fo l lowing pass- 

age: "Now what a r e  t h e s e  experiments t r y i n g  t o  t e l l  

u s?  C e r t a i n l y  a  reasonable  i n t e r p r e t a t i o n  of t h e s e  

exper imenta l  r e s u l t s  is :  when a  c r i t i c a l  a r c h i t e c -  

t u r a l  u n i t  of  a  t i s s u e  ( e . g . ,  a  h a i r  f o l l i c l e )  is  

i r r a d i a t e d  a t  a  s u f f i c i e n t l y  h igh  dosage, t h e  chance 

of i t  becoming cancerous i s  approximately t o  

This  has  become known a s  t h e  'Geesaman hy- 

p o t h e s i s  ' ." 



There a r e  s i g n i f i c a n t  d i f f e r e n c e s ,  however, i n  

t h e  s ta tement  by Geesaman and t h a t  quoted above. 

Geesaman s t a t e s  h i s  theory  a s  cond i t iona l :  i . e . ,  

"If t h e  r e s p i r a t o r y  zone ..... con ta ins  a  s t r u c t u r e  

analogous t o  t h e  r a t  h a i r  f o l l i c l e . .  . . . l t 6  Thus, i n  

t h e  Tamplin-Cochran ve r s ion  t h e r e  is a  progress ion 

from " i f "  t o  "when," wi th  no evidence o r  a t tempt  t o  

i n d i c a t e  what t h i s  c r i t i c a l  a r c h i t e c t u r a l  u n i t  may 

be. Fur the r ,  they imply t h a t  m y  h a i r  f o l l i c l e  

w i l l  be  a  " c r i t i c a l  a r c h i t e c t u r a l  u n i t , "  wh i l e  

Geesaman c a r e f u l l y  r e f e r s  t o  s t r u c t u r e s  ". . . . .anal- 

ogous t o  t h e  r a t  h a i r  f o l l i c l e . " 6  We have seen  

e a r l i e r  t h a t  mouse s k i n  h a i r  f o l l i c l e s  do no t  f i t  

t h e  Geesaman d e s c r i p t i o n ,  s i n c e  they a r e  no t  anal-  

ogous i n  t h e i r  response.  

The second p a r t  of Geesaman's cond i t iona l  

s ta tement  i n d i c a t e s  t h a t  " . . . . . i f  a  r ad ioac t ive  par- 

t i c u l a t e  deposi ted i n  t h e  r e s p i r a t o r y  zone has  t h e  

capac i ty  t o  d i s r u p t  one o r  more of t h e s e  s t r u c t u r e s  

and c r e a t e  a  precancerous l e s i o n . .  . . has  been 

changed t o  i n d i c a t e  t h a t  when t h e  s t r u c t u r e  is  

" . . . . . i r r ad ia t ed  a t  a  s u f f i c i e n t l y  high dosage, t h e  

chance of i t  becoming cancerous is approximately 

t o  10-~.' '~ Thus, t h e  hypo the t i ca l  s ta tement  

of t h e  p o s s i b i l i t y  of d i s r u p t i o n  and cancer  forma- 

t i o n  has  become, i n  t r a n s l a t i o n ,  a  s ta temant  of 

f a c t .  

I t  is of i n t e r e s t  t h a t  Tamplin and Cochran w e  

t h e  same p r o b a b i l i t y  of cancer  formation f o r  par- 

t i c l e s  deposi ted i n  t h e  lung t h a t  Geesaman s t a t e s  

f o r  t h e  condi t ion t h a t  t h e  p a r t i c l e  a c t u a l l y  ir- 

r a d i a t e s  the  hypo the t i ca l  s t r u c t u r e .  We can deduce 

from t h i s  something of t h e  c h a r a c t e r  of t h i s  sup- 

posed s t r u c t u r e .  From Table I11 of t h e  Tamplin- 

Cochran r e p o r t ,  t h e  mass of t i s s u e  i r r a d i a t e d  t o  

1000 rems pe r  yea r  around a  0.07-pCi p a r t i c l e  is  

65 pg with  t h e  lung at h a l f - i n f l a t i o n .  Geesaman, 

f o r  t h i s  cond i t ion  and h i s  cub ica l  l a t t i c e  lung 

model, e s t ima tes  t h e  range of an a lpha p a r t i c l e  t o  

be between 335 and 1000 pm, depending upon t h e  pa th  

through the  l a t t i c e  .' The experiments wi th  a lpha 

p a r t i c l e s  and r a t  h a i r  f o l l i c l e s  i n d i c a t e  t h a t  t h e  

f u l l  "analogous s t r u c t u r e "  must be  i r r a d i a t e d ,  
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which can only occur i f  t h e  65 pg of t i s s u e  surrounds 

t h e  p a r t i c l e .  Thus, we can conclude t h a t  t h e  s t r u c -  

t u r e  has  a  mass of 65 pg o r  l e s s ,  s i n c e  t h e  probabi l -  

i t y  of t h e  p a r t i c l e  lodging a t  t h e  c e n t e r  would seem 

t o  be low. From t h e  Tamplin-Cochran assumption t h a t  

t h e  probabi1.ity of cancer  f o r  a  p a r t i c l e  lodged i n  

t h e  deep r e s p i r a t o r y  zone i s  t h e  same a s  Geesaman's 

p r o b a b i l i t y  asslmring t h e  s t r u c t u r e  t o  be  i r r a d i a t e d  

and damaged, i t  i s  apparent t h a t  t h e  number and 

spacings  of t h e  s t r u c t u r e s  must b e  assumed t o  b e  

such t h a t  each p a r t i c l e  w i l l  i r r a d i a t e  one. (Other- 

wise ,  t h e  p r o b a b i l i t y  of t h e  p a r t i c l e  lodging c l o s e  

enough t o  i r r a d i a t e  t h e  s t r u c t u r e  must b e  included 

i n  t h e i r  est . imates.)  I n  a  1000-g lung,  t h e r e  must 
7 

b e  g r e a t e r  than 10  such s t r u c t u r e s ,  each of which 

weighs l e s s  than  65 pg. It appears  from t h i s  type 

of e s t ima te  t h a t  t h e  " c r i t i c a l  a r c h i t e c t u r a l  u n i t "  

is any group1 of c e l l s  r a t h e r  than an i d e n t i f i e d  

s t r u c t u r e ,  ass is impl ied by t h e  comparison wi th  t h e  

h a i r  f o l l i c l e .  

The second change i n  i n t e r p r e t a t i o n  i n t r o -  

duced by Tanlplin and Cochran is  t h e  minimum a c t i v i t y  

of a  p a r t i c l e  t o  produce cancer .  This  could log- 

i c a l l y  fol low from Geesaman's second cond i t iona l  

s ta tement  comncerning t h e  a b i l i t y  of t h e  r a d i a t i o n  t o  

d i s r u p t  one o r  more of t h e  s t r u c t u r e s . 6  However, 

t h e  consequences of in t roduc ing  such a  th resho ld  on 

t h e  r a d i a t i o n  response when t h e  e n t i r e  lung i s  i r -  

r a d i a t e d  a r e  o f  i n t e r e s t .  I f  one i r r a d i a t e s  t h e  

f u l l  lung,  obviously  aZZ of t h e  h y p o t h e t i c a l  s t r u c -  

t u r e s  w i l l  be  i r r a d i a t e d .  I f  one assumes t h e  d i s -  

rup t ion  of t h e s e  s t r u c t u r e s  t o  b e  t h e  s o l e  cause  of 

radiation-induced cancer  and t h e r e  were more than  

1000 t o  10  000 such s i t e s  i n  t h e  lung,  then  t h e  

incidence would remain a t  zero  u n t i l  t h e  th resho ld  

dose (1000 rems) was reached. The incidence would 

then i n c r e a s e  r a p i d l y  above t h i s  t o  100% o r  g r e a t e r .  

I f  t h e r e  a r e  fewer than t h i s  number of sites (with 

a  p r o b a b i l i t y  of t o  of producing cancer  

pe r  s i t e  when i r r a d i a t e d ) ,  t h e n  obviously  t h e  prob- 

a b i l i t y  of a p a r t i c l e  i r r a d i a t i n g  t h e  s i t e  must be  

included.  There may be causes  of radia t ion- induced 

cancer  o t h e r  than t h e  mechanism of t i s s u e  d i s rup-  

t i o n .  These could r e s u l t  i n  a  gradual  i n c r e a s e  i n  

incidence below t h e  th resho ld ,  b u t  t h e  response 

from t h e  a r c h i t e c t u r a l  u n i t  mechanism pos tu la t ed  

would s t i l l  i n c r e a s e  t o  100% when t h e  th resho ld  i s  

exceeded. Th i s  p a t t e r n  does not  conform t o  any 

known d a t a  on cancer  inc idence  dose-effect  r e l a -  

t i o n s  f o r  f u l l  lung i r r a d i a t i o n .  

It is of i n t e r e s t  t h a t  t h e  Tamplin-Cochran 

i n t e r p r e t a t i o n s  of t h e  theory  rece ive  only  minimal, 

i f  any, j u s t i f i c a t i o n s .  For example, t h e r e  is  no 



at tempt  t o  i d e n t i f y  t h e  s t r u c t u r e  i n  t h e  lung  

r e spons ib le  f o r  t h e  e f f e c t ,  n o r  is i t  exp la ined  how 

one can e x t r a p o l a t e  from t h e  e f f e c t s  on a h a i r  f o l -  

l i c l e  t o  the  e f f e c t s  i n  a lung which con ta ins  no 

u n i t  even s i m i l a r  i n  func t ion  o r  s t r u c t u r e  t o  t h e  

h a i r  f o l l i c l e  and sebaceous gland of t h e  rat s k i n .  

Data on t h e s e  tumors and t h e i r  i nc idence ,  which 

have appeared s i n c e  t h e  o r i g i n a l  deesaman postula-  

t i o n  and which throw cons ide rab le  l i g h t  on t h e  

hypo thes i s ,  have been ignored. i t  can only  b e  con- 

cluded t h a t  a more thorough and comprehensive s tudy  

could have changed t h e  conclus ions  of t h e  document. 

V I .  THE HUMAN DATA 

People have been exposed t o  plutonium dur ing  

va r ious  uses  of t h e  m a t e r i a l  over t h e  p a s t  30 yea r s .  

Tamplin and Cochran have chosen a few of t h e s e  expe- 

r i e n c e s ,  some t o  d i scoun t  on t h e  b a s i s  of  t h e i r  

t h re sho ld  theory and o t h e r s  t o  suppor t  t h e i r  conten- 

t i on .  Although we p ro fes s  no s p e c i a l  knowledge i n  

t h e  f i e l d  of medicine,  we w i l l  analyze  t h e i r  conten- 

t i o n s  on t h e  b a s i s  of b i o l o g i c a l  and h e a l t h  phys ic s  

exper ience .  

A. The Lushbaugh Report 

I n  1962, Lushbaugh and Langham repor t ed  on a 

l e s i o n  a s s o c i a t e d  wi th  plutonium i n  a wound.7 The 

p a t i e n t ,  whi le  machining plutonium metal, received a 

wound which was l a t e r  exc i sed .  Some 4 yea r s  a f t e r  

t h e  a c c i d e n t ,  he no t i ced  a nodule which, upon meas- 

urement, s t i l l  conta ined some 0.08 pg of  plutonium 

( -  5000 pCi) .  Lushbaugh repor t ed  on t h e  h i s t o l o g -  

i c a l  examination of  t h e  l e s i o n ,  and t h e  quo ta t ion  

appear ing i n  t h e  Tarnplin-Cochran r e p o r t  a r o s e  from 

t h i s  paper:  "The autoradiographs  showed p r e c i s e  

confinement of a lpha  t r a c k s  t o  t h e  a r e a  of maximum 

damage and t h e i r  p e n e t r a t i o n  i n t o  t h e  b a s a l  a r e a s  of 

t h e  epidermis ,  where e p i t h e l i a l  changes t y p i c a l  of 

i o n i z i n g  r a d i a t i o n  exposure were p resen t .  The cause  

and e f f e c t  r e l a t i o n s h i p  of t h e s e  f i n d i n g s ,  t he re -  

f o r e ,  seemed obvious.  Although t h e  l e s i o n  was 

minute,  t he  changes i n  i t  were severe .  T h e i r  aim- 

i l a r i t y  t o  known pre -cmcerous  epidermal cytologic 

changes,  of course ,  r a i s e d  t h e  ques t ion  of t h e  u l t i -  

mate f a t e  of such a l e s i o n  should  i t  be  allowed t o  

e x i s t  wi thout  s u r g i c a l  i n t e r v e n t i o n "  (emphasis 

added).  Following t h i s  quo ta t ion ,  Tamplin and 

Cochran ind ica t ed  t h a t  " . . . . . l e s s  than 0 . 1  ~g of Pu- 

239 produced pre-cancerous changes i n  human t i s s u e . "  

They r e f e r  s e v e r a l  s en tences  l a t e r  t o  " t h i s  

pre-cancerous l e s i o n . .  . . . I 1  and s t a t e  t h a t  t h i s  

proves t h a t  a s i n g l e  2 3 9 ~ u  p a r t i c l e  ". . . . . i r-  

r a d i a t e s  a s i g n i f i c a n t  ( c r i t i c a l )  volume of t i s s u e  

and is capable  of producing cancer ."  I n  o t h e r  words, 

t hey  manage, i n  t h e  space  of a few sen tences ,  t o  

move from " . . . . . s i m i l a r i t y  t o  known pre-cancerous 

epidermal  c y t o l o g i c  changes . . . . . I t  and expressed un- 

c e r t a i n t y  on t h e  p a r t  of  t h e  p a t h o l o g i s t  on t h e  

e v e n t u a l  outcome t o  a conclus ion t h a t  cancer  w i l l  

r e s u l t .  We b e l i e v e  t h a t  t h e  u n c e r t a i n t y  expressed 

by t h e  e x p e r t  should  b e  given proper  weight i n  t h e  

conclus ion.  

I n  p o i n t  of f a c t ,  examination of t h e  autoradio-  

graph i n  t h e  Lushbaugh paper  i n d i c a t e s  ve ry  c l e a r l y  

t h a t  t h e  l e s i o n  conta ined a number of  sma l l  par-  

t i c l e s ,  s i n c e  s e v e r a l  p o i n t s  of  o r i g i n  of a lpha par- 

t i c l e  " s t a r s "  can be d i sce rned .  F u r t h e r ,  t h e  au thor  

i n d i c a t e s  t h e  l e s i o n  con ta in ing  t h e  plutonium had a 

volume of 27 x lo-' cm3 o r ,  f o r  u n i t  d e n s i t y  t i s s u e ,  

a mass of some 27 Ug. Reference t o  Fig.  1 would 

i n d i c a t e  t h a t  a s i n g l e  p a r t i c l e  would d e l i v e r  an 

a lpha dose  t o  on ly  about 0 . 3  Ilg i n  u n i t  d e n s i t y  tis- 

sue .  

I n  a subsequent paper ,  Lushbaugh e t  a l .  de- 

s c r i b e  t h e  r e s u l t  of t h e  s tudy  of 8 s u ~ : ~  l e s i o n s  

r e s u l t i n g  from plutonium i n  wounds i n  which t h e  

plutonium had r e s i d e d  f o r  pe r iods  of  t ime r ang ing  

frpm 0 .5  t o  8 years .27 They i n d i c a t e ,  "The l e s i o n s  

were found t o  va ry  morphological ly  i n  an o r d e r l y  

manner r e l a t e d  roughly t o  t h e  l e n g t h  of t ime t h e  

plutonium had been p r e s e n t .  A l l  were conf ined t o  

t h e  dermis .  The s i z e  of  t h e  nodule depended on t h e  

d i s p e r s i o n  of t h e  p a r t i c l e s  p resen t  r a t h e r  than t h e  

d u r a t i o n  of t h e  l e s i o n .  The l a r g e s t  nodule was about 

2 mm i n  g r e a t e s t  dimension." They conclude i n  t h e  

d i s c u s s i o n ,  "Although t h i s  s tudy  i s  baaed on too few 

smal l  l e s i o n s  t o  evoke much conf idence i n  t h e s e  

r e t r o s p e c t i v e  i n t e r p r e t a t i o n s ,  t h e  conclus ions  may 

b e  warranted t h a t  m e t a l l i c  plutonium implanted i n  

t h e  s k i n  i n  minute amounts e l i c i t s  a foreign-body 

r e a c t i o n  of granulomatous type ,  which a f t e r  subs id -  

i n g  i n  c e l l u l a r  a c t i v i t y  becomes f  ibromatous . I t  No 

r e f e r e n c e  i s  made i n  t h i s  paper  t o  cancerous o r  

s i m i l a r i t y  t o  pre-cancerous l e s i o n s .  

These l e s i o n s  a r e  t h e  most s eve re  changes which 

have been r epor t ed  i n  humans a s  a r e s u l t  of p lu to -  

nium and, a s  such,  r e q u i r e  t h e  ques t ion  of  wound 



contaminat ion t o  be  t aken  s e r i o u s l y  i n  r a d i a t i o n  

p r o t e c t i o n  programs. However, t o  e x t r a p o l a t e  t h e s e  

t o  cancers ,  i n  view of t h e  u n c e r t a i n t y  on outcome 

expressed by t h e  p a t h o l o g i s t ,  and e s p e c i a l l y  t o  

e x t r a p o l a t e  t o  lung cancer  seems t o  b e  an u n j u s t i -  

f i a b l e  s t e p .  

B.  The Gleason Case 

The informat ion a v a i l a b l e  t o  t h e  au thor s  on t h e  

Gleason case  is p r i m a r i l y  t h a t  p re sen ted  by 

Dr. Arthur  R. Tamplin i n  t h e  appendix of  t h e  Tamplin- 

Cochran d o c ~ m e n t . ~  Th i s  invo lves  t h e  c a s e  of  an  

i n d i v i d u a l  who handled a c r a t e  con ta in ing  a l eak ing  

carboy of 2 3 9 ~ ~  s o l u t i o n  and l a t e r  developed a 

synov ia l  sarcoma of t h e  l e f t  hand. 

I n  the  i n i t i a l  a n a l y s i s  of t h i s  case ,  Tamplin 

i n d i c a t e s  t h a t  t h e  occurrence  of t h i s  t ype  of cancer  

is  l e s s  than t h e  t o t a l  s k i n  cancer  dea th  r a t e ,  s i n c e  

t h e  prognosis  f o r  t h i s  t ype  of cancer  is poor. He 

concludes,  'Thus i t  is  h igh ly  u n l i k e l y  t h a t  anyone 

who handled t h i s  c r a t e  would spontaneously develop 

t h i s  sarcoma on t h e  contaminated hand. . . . . "  Th i s ,  

of cour se ,  is  n o t  t h e  ques t ion  of i n t e r e s t ,  s i n c e  

t h e  a priori cond i t ion  t h a t  cancer  d i d  develop i s  

given and t h e  ques t ion  is now whether t h e r e  is  ev i -  

dence t h a t  i n d i c a t e s  whether t h e  plutonium was 

involved.  Tamplin in t roduces  evidence from animals 

t h a t  i n j e c t i o n  of 1 pg of 2 3 9 ~ u  i n t o  t h e  s k i n  of 

r a t s  produced f ibrosarcomas i n  5% of t h e  animals .  
2 8 

The re levance of t h i s  informat ion appears  remote, 

s i n c e  t h e s e  tumors were of a d i f f e r e n t  type and 

a rose  from d i f f e r e n t  t i s s u e s  than t h e  synov ia l  s a r -  

coma. (This is  s i m i l a r  t o  t h e  e x t r a p o l a t i o n  from 

f o l l i c u l a r  tumors i n  t h e  r a t  s k i n  t o  lung tumors i n  

t h e  humans.) We know of no evidence,  no r  do Tamplin 

and Cochran produce any, t h a t  t h i s  t ype  of tumor 

has  been produced by r a d i a t i o n .  However, i n  view of 

t h e  ubiqui tous  n a t u r e  of r a d i a t i o n  as a ca rc inogen ic  

agen t ,  i t  would appear a s  a d e f i n i t e  p o s s i b i l i t y  

providing t h a t  t h e  proper  c r i t i c a l  t i s s u e  is  i r -  

r a d i a t e d  (presumably t h e  synov ia l  membrane o r  t h e  

synoid  capsu le ) .  It would appear t h a t  t h i s  would 

r e q u i r e  something o t h e r  than an i n j e c t i o n  i n t o  t h e  

dermis.  Thus, t h e  ques t ion  t o  be examined is  

whether t h e r e  i s  a reasonable  p r o b a b i l i t y  t h a t  

plutonium could have pene t r a t ed  t o  t h e  c r i t i c a l  

t i s s u e  under t h e  cond i t ions  of t h e  purpor ted  expo- 

s u r e .  

Ea r ly  i n  t h e  d i s c u s s i o n ,  Tamplin s t a t e s :  

"There i s  l i t t l e  reason t o  doubt t h a t  t h i s  sma l l  

amount of l i q u i d  (0.01 m i l l i l i t e r )  o r  even more 

f o m d  i ts  way below the  s u r f a c e  of  M r .  Gleason 's  

palm" (emphasis added).  It is  our  expe r i ence  t h a t  

plutonium does n o t  "find" i t s  way through s k i n ,  

even though t h e r e  i s  wa te r  exchange ac ross  t h e  s k i n .  

The s k i n  has  been shown t o  b e  an e x c e l l e n t  b a r r i e r  

t o  prevent  t h e  passage of  many  material^,^' includ-  

i n g  plutonium.30 Thus,  some mechanism such a s  a 

break i n  t h e  s k i n  (wound) must be  p o s t u l a t e d  and of 

such a depth  and l o c a t i o n  t h a t  t h e  c r i t i c a l  t i s s u e  

is  involved.  

The i n c i d e n t  occurred on January 8, 1963. 

According t o  t h e  Tamplin account ,  a survey was con- 

ducted on Mr. Gleason 's  home, c l o t h i n g ,  and auto- 

mobile on January 19, 1963. The r e s u l t s  appa ren t ly  

were nega t ive ,  o r  they would have been mentioned. It  

is  i n d i c a t e d  e a r l i e r  when r e f e r r i n g  t o  M r .  Gleason 's  

hand l ing  of t h e  c r a t e :  "This cou ld  n o t  have occur red  

wi thout  contaminat ing t h e  palmar s u r f a c e  of h i s  l e f t  

hand, which was ba re . "  I t  is  d i f f i c u l t  t o  s e e  why 

t h e  contaminat ion should  p r e f e r e n t i a l l y  go t o  t h e  

left hand. Other  p o r t i o n s  of  t h e  body and t h e  shoes  

presumably would a l s o  b e  s u s c e p t i b l e .  However, i f  a 

s u f f i c i e n t  q u a n t i t y  t o  d e p o s i t  0 . 1  pCi (0 .01 m l  of a 

160-pg/ml s o l u t i o n )  were on t h e  l e f t  hand, exper ience  

has  i n d i c a t e d  t h a t  such contaminat ion t r a n s f e r s  

r a p i d l y  t o  o t h e r  o b j e c t s ,  i n c l u d i n g  c l o t h i n g  and 

i t e m .  handled such a s  t o o l s  o r  even t h e  automobile 

s t e e r i n g  wheel.  The f a c t  t h a t  t h e s e  su rveys ,  even 

11 days l a t e r ,  d i d  n o t  d e t e c t  s i g n i f i c a n t  contamina- 

t i o n  would i n d i c a t e  t h a t  no t  much was i n i t i a l l y  

p r e s e n t .  

Tamplin f u r t h e r  i n d i c a t e s  t h a t  u r i n e  samples 

c o l l e c t e d  subsequent t o  January 20 gave n e g a t i v e  

r e s u l t s  and. ''The only  t h i n g  t h a t  t h i s  demonstrates 

is t h a t  no d e t e c t a b l e  l e v e l  of Pu-239 was found.' '  

L a t e r  he i n d i c a t e s  t h a t  nega t ive  f i n d i n g s  i n  t h e  

f eces  and u r i n e  were ob ta ined  i n  A p r i l  1970 and, 

aga in ,  disrnLsses t h e  r e s u l t s  on t h e  grounds t h a t  

l i t t l e  i s  absorbed i n t o  t h e  body. The l a t t e r  con- 

c l u s i o n  i s ,  of course ,  dependent upon t h e  type  of 

m a t e r i a l  used. A s  an i l l u s t r a t i o n  of a wors t  ca se ,  

Johnson e t  ( 1 2 .  i n j e c t e d  plutonium oxide  p a r t i c l e s  

wi th  a counl: mean diameter  of 7 pm subcutaneously  

i n t o  dogs . 3 L  They found t h a t  t h e  t r a n s l o c a t i o n  t o  



t h e  body occurred r a p i d l y ,  w i t h  on t h e  o r d e r  of 

0.25% of t h e  plutonium recovered from o t h e r  t i s s u e s .  

Assuming t h i s  very  low t r a n s l o c a t i o n  of PuO 
2 

apply t o  t h e  n i t r a t e  and us ing  Langham's equat ions  
32 

f o r  t h e  e x c r e t i o n ,  we f i n d  t h a t ,  f o r  t h e  0 . 1  u C i  

pos tu l a t ed  by Tamplin, u r i n e  samples should  have 

i n d i c a t e d  on t h e  o rde r  of 0.2 d i s i n t e g r a t i o n  p e r  

minute i n  t h e  per iod around January 20. Th i s  l e v e l  

is e a s i l y  d e t e c t a b l e  by adequate  a n a l y s i s .  Of 

g r e a t e r  a p p l i c a b i l i t y  t o  t h e  s o l u b l e  n i t r a t e  c a s e  

is  a  wound desc r ibed  by Schof i e ld  et Here t h e  

m a t e r i a l  was plutonium o x a l a t e ,  and they e s t ima ted  

t h a t ,  wi thout  t rea tment .  about 0.1% of t h e  m a t e r i a l  

i n  t h e  wound would have been exc re t ed  i n  t h e  10- t o  

20-day pe r iod  and 0.08% i n  t h e  20- t o  30-day pe r iod .  

For a  p o s t u l a t e d  wound burden of  0.1 pCi of t h i s  

s o l u b l e  m a t e r i a l ,  one would expec t ,  t h e r e f o r e ,  on 

t h e  o rde r  of 20 d i s i n t e g r a t i o n s  pe r  minute p e r  day 

e x c r e t i o n  i n  t h e  u r i n e  o r  some 200 t o  1000 t imes  t h e  

d e t e c t a b l e  l e v e l  f o r  most ana lyses .  The l a t e r  ana l -  

yses  a r e  a l s o  s i g n i f i c a n t  i n  t h a t  they i n d i c a t e  t h e  

l a c k  of a  source  of r e l a t i v e l y  i n s o l u b l e  m a t e r i a l  

c o n t i n u a l l y  l each ing  i n t o  t h e  blood. 

The phys ica l  examination by D r .  Roy Albe r t  

seems t o  be s i g n i f i c a n t  i n  s e v e r a l  r e s p e c t s .  While 

t h e  d e t a i l s  a r e  no t  g iven,  t h e r e  is no mention of a  

wound o r  o t h e r  break i n  t h e  s k i n  through which pluto-  

nium could e n t e r .  Fu r the r ,  t h e  s o l u t i o n  was un- 

doubtedly very  a c i d i c  t o  r e t a i n  t h e  plutonium i n  

s o l u t i o n .  Such shipments a r e  usua l ly  made i n  n i t r i c  

ac id .  There is  no i n d i c a t i o n  given t h a t  t h e  medical 

examination showed any s i g n s  of a c i d  r e a c t i o n  w i t h  

t h e  s k i n .  ( N i t r i c  a c i d  can produce a  yellow d i s -  

c o l o r a t i o n  even when no o v e r t  burn occur s . )  I n  a  

l a t e r  conclus ion,  Tamplin i n d i c a t e s  t h a t  t h e  deposi-  

t i o n  ".....may have occurred through a  smal l  c u t  o r  

v i a  a  s l i v e r . "  One can only s p e c u l a t e  on t h e  s i z e  

of c u t  r equ i red  t o  in t roduce  t h e  plutonium i n  a  

p o s i t i o n  t o  i r r a d i a t e  t h e  c r i t i c a l  t i s s u e ,  b u t  i t  i s  

important  t o  no te  t h a t  t h e  medical examinat ion,  

which presumably included ques t ion ing  of Mr. Gleason, 

d id  not  r e v e a l  any i n d i c a t i o n  of such a  wound o r  

s l i v e r .  (Tamplin presumably i s  r e f e r r i n g  t o  a  con- 

taminated s l i v e r  of m a t e r i a l  o t h e r  than t h a t  of t h e  

carboy, s i n c e  t h e r e  is no i n d i c a t i o n  t h a t  i t  was 

broken. ) 

From t h e  above evidence,  we can only conclude 

t h a t  t h e  a s s o c i a t i o n  between cancer  and plutonium 

is  s p e c u l a t i o n .  The s u b j e c t  d i d  handle  t h e  carboy, 

b u t  subsequent examinations showed no contaminat ion,  

and u r i n e  and medical  h i s t o r y  provided no i n d i c a t i o n  

of plutonium depos i t ion .  

C .  The Los Alamos Cases 

I n  r e f e r r i n g  t o  t h e  exposures of 25 i n d i v i d u a l s  

exposed t o  plutonium some 30 y e a r s  ago dur ing  t h e  

Manhattan Tamplin and Cochran i n d i c a t e d  

t h a t  t h e  exposures were t o  i n s o l u b l e  plutonium and, 

hence,  of  i n t e r e s t .  However, they d i scoun t  t h i s  

exper ience  on the  grounds t h a t  14 of t h e  25 s u b j e c t s  

worked i n  plutonium recovery ope ra t ions  and were 

exposed t o  d r o p l e t s  of  p lu tony l  n i t r a t e :  "A d r o p l e t  
3  

1 u i n  d iameter  (0.5 u  ) would t h e r e f o r e  con ta in  

only 6 x pCi compared wi th  a  0.07 pCi p a r t i c l e  

of Pu02." However, no j u s t i f i c a t i o n  i s  given f o r  

t h e  assumed drop s i z e ,  which appears  t o  b e  ve ry  

s m a l l  based on a t t empts  t o  produce p a r t i c l e s  by 

evapora t ing  d r o p l e t s  from a  n e b u l i z e r .  For compar- 

i s o n ,  fog h a s  a  p a r t i c l e  s i z e  of  5  t o  50 pm and 

m i s t s  of 50 t o  100 urn. I f  we assume t h e  p a r t i c l e s  

t o  be  t h e  s i z e  of fog  p a r t i c l e s ,  t hen  t h e  plutonium * 
con ten t  would range from 0.16 t o  160 pCi -- w e l l  

w i t h i n  t h e  range of t h e  d e f i n i t i o n  of t h e  ' 'hot par- 

t i c l e . "  

A summary of p a r t i c l e  s i z e  measure r -~n t s  f o r  

va r ious  ope ra t ions  us ing  plutonium is  given i n  Ta- 

b l e  11. 
35,36 

The a e r o s o l  from t h e  Rocky F l a t s  f i r e  was gen- 

e r a t e d  by high-temperature condensat ion of  Pu02 i n  a  

manner perhaps n o t  u n l i k e  fume format ion i n  t h e  war- 

time r educ t ion  p rocesses .  I n  a d d i t i o n ,  i t  is  s i m -  

i l a r  t o  those  a e r o s o l s  measured a t  t h e  Los Alamos 

S c i e n t i f i c  Laboratory  i n  connect ion wi th  t h e  opera- 

t i o n s  of f l u o r i n a t i o n  and r educ t ion .  The l a t h e  

ope ra t ion  is  no t  t y p i c a l  of  t h e  wartime o p e r a t i o n s ,  

and t h e  resuspension a e r o s o l  from cleanup i s  q u i t e  

d i f f e r e n t  from t h e  o t h e r s ,  a l though t h i s  d i s t r i b u -  

t i o n  undoubtedly occurred du r ing  t h e  wartime expo- 

s u r e .  As a  b e s t  e s t i m a t e  of  t h e  a e r o s o l  involved 

i n  t h e  Los Alamos exposures ,  we have considered t h e  

0.32-um mass median diameter  (MMD) wi th  a  U of 
i3 

1 .83  m, along wi th  the  e s t i m a t e s  of depos i t ion  i n  

t h e s e  i n d i v i d u a l s .  

*FO 1-pm-diameter d r o p l e t  con ta in ing  40 g l l i t e r  
of  13'Pu wi th  a s p e c i f i c  a c t i v i t y  of  0.0614 Ci /g  
b u t  s t i l l  assumi g  u n i t  d e n s i t y  f o r  t h e  s o l u t i o n ,  we 
o b t a i n  1 . 3  r pCi . 



Source 

Rocky F l a t s  F i r e  

F luor ina t ion  of N i t r a t e  

Reduction t o  Metal 

Lathe Operation 

Cleanup 

TABLE I1 

PARTICLE SIZE MEASUREMENTS FOR PLUTONIUM OPERATIONS 

Mass Diameter Geomet:rical Standard 
Devi.ation, a (p) Mass Frac t ion  a s  
0- "Hot  particle^"^ 

%iameter g r e a t e r  than 0.6 pm. 

TABLE I11 

ESTIMATED "HOT PARTICLE" BURDENS OF LOS ALAMOS WORKERS 

Diameter (pm) Incremental  Mass Frac t ion  A c t i v i t y  ( p ~ i / p a r t i c l e )  4 . c t i v i t y  ( n ~ i / m a n )  

0.6 - 0.7 0.05 0.09 20.0 2.22 x 10  5 

The number of ' h o t  p a r t i c l e s "  from an ae roso l  

of t h i s  d i s t r i b u t i o n  was c a l c u l a t e d  by numerical 

i n t e g r a t i o n  i n  given p a r t i c l e  s i z e  ranges above 

0.6 pm. I t  was f u r t h e r  considered t h a t  t h e  t o t a l  

of 2.5 pCi of plutonium i n  t h e s e  25 men was 1 0  pCi 

a t  t h e  time of exposure t o  allow f o r  subsequent 

e l imina t ion .  On t h i s  b a s i s ,  t h e  t o t a l  number of 

p a r t i c l e s  i n  va r ious  s i z e  ranges is  given i n  Ta- 

b l e  111. 

The process  of pulmonary depos i t ion  would no t  

s i g n i f i c a n t l y  d i s t o r t  t h e  depos i t ion  i n  t h i s  range 

s i n c e ,  f o r  more than 90% of t h e  mass range rep- 

r e sen ted ,  t h e  pulmonary depos i t ion  f r a c t i o n  v a r i e s  

only  i n  t h e  ranges of 0 .2  t o  0.32. Thus, i f  t h e  

lung cancer p e r  p a r t i c l e  e s t ima te  of t o  

given by Geesarnan6 were v a l i d ,  we would expect  some 

1000 t o  10  000 lung cancers  i n  t h i s  group. Exposure 

has  been f o r  30 yea r s ,  s o  t h a t  a s i g n i f i c a n t  por t ion  

of t h e  l i f e t i m e  has  passed with  no cancers  develop- 

ing .  

2.3 1.7 x 10  
3 

T o t a l  4.0 x 10  
5 

I n  a r ecen t  s tudy ,  McInroy e t  ~ 7 2 . ~ ~  measured 

t h e  distribu1:ion of plutonium p a r t i c l e  s i z e  i n  a 

lymph node of a deceased worker by t h e  autoradio-  

graphic  technique. Although t h i s  i n d i v i d u a l  was 

exposed a t  a l a t e r  time than  those  d i scussed  above, 

i t  is  of i n t o r e s t  t h a t  t h e s e  e s t ima tes  a l s o  ind i -  

ca ted t h a t  I!;% of t h e  plutonium was i n  p a r t i c l e s  

l a r g e r  than 0.07 pCi. 

D .  The Rocky F l a t s  Workers 

Tamplin and Cochran d i s c u s s  t h e  25 i n d i v i d u a l s  

exposed t o  pl.utonium dur ing a f i r e  i n  1 9 6 5 . ~ ~  They 

compare t h e  lung burdens i n  t h e s e  i n d i v i d u a l s  wi th  

t h e  lung burtlens i n  t h e  beag les  which developed lung 

cancer by no t ing ,  'I. . . . . i t  is s i g n i f i c a n t  t o  n o t e  

t h a t  i n  t h e  experiments r epor ted  by Park e t  al . ,  t h e  

beagle  dog with  t h e  s m a l l e s t  lung  burden, i .e . ,  

0.2 pCi,  developed lung cancer .  The h i g h e s t  burden 

i n  Table V ~ E I  comparable t o  t h e  lowest  beag le  expo- 

s u r e ;  t h e  lowest  exposure . . . . . , t h e  19  cases  wi th  

lung burdens i n  t h e  0.24 uCi range,  a r e  only  an 



o r d e r  of magnitude l e s s  than  t h e  lowest  beag le  ex- 

posure." The f a c t  t h a t  they a r e ,  i n  t h i s  case ,  

u s ing  microcur ies  r a t h e r  than numbers of p a r t i c l e s  

l e a d s  t o  t h e  conclus ion t h a t  they a r e  r e f e r r i n g  t o  

r a d i a t i o n  dose  t o  t h e  lung,  y e t  they n e g l e c t  t o  p o i n t  

o u t  t h e  d i f f e r e n c e  i n  s i z e  between t h e  beag le  lung 

and t h e  human lung -- a f a c t o r  which would meke t h e  

i n  Tamplin-Cochran's a p p r a i s a l ,  i s  t h e  d i s t r i b u t i o n  

f a c t o r  a p p r o p r i a t e  t o  t h e  p a r t i c u l a t e  s i t u a t i o n  

g r e a t e r  o r  l e s s  than  one?) .  The conclus ion,  from t h e  

evidence a v a i l a b l e  a t  t h a t  t ime was ". . . . . t h a t  t h e  

preponderance of t h e  evidence i n d i c a t e s  t h a t  t h e  u s e  

of an  average lung  dose  is  a p p r o p r i a t e  i n  l i m i t i n g  

exposures and may w e l l  be  conservat ive ."  The second 

human dose about an o r d e r  of  magnitude lower than 

t h a t  of t h e  dog wi th  a comparable burden. 

It is  of  pass ing  i n t e r e s t  t h a t  t h e  l a c k  of can- 

c e r  i n  t h e s e  Rocky F l a t s  workers is dismissed on t h e  

grounds t h a t  only  9 y e a r s  have passed,  which is  n o t  

adequate  t o  produce cancer .  We concur i n  t h i s  

s ta tement  b u t  n o t e  t h a t  Tamplin argues  s t r o n g l y  f o r  

t h e  product ion of a synov ia l  sarcoma, i n  s p i t e  of 

t h e  l a c k  o f  evidence of  exposure,  i n  a m a t t e r  of  a 

few y e a r s  a f t e r  t h e  i n c i d e n t .  (Times a r e  n o t  given 

i n  h i s  r e p o r t ,  b u t  t h e  acc iden t  occurred i n  1963 

and t h e  r e p o r t  of D r .  Wald, r e f e r r e d  to  by Tamplin 

and Cochran, was submit ted  i n  1973, i n d i c a t i n g  t h a t  

t h e  cancer  was w e l l  developed by t h i s  t ime.) 

VII.  EVIDENCE ON PARTICLE DOSE EFFECTS 

A s  was i n d i c a t e d  i n  an e a r l i e r  s e c t i o n ,  those  

groups charged wi th  providing s a f e  l i m i t s  f o r  r ad ia -  

t i o n  exposure have c o n s i s t e n t l y  u t i l i z e d  t h e  average 

dose t o  an organ as a b a s i s  f o r  t h e  l M t i n g  quan- 

t i t y  of r a d i o a c t i v e  m a t e r i a l .  That i s ,  t h e  dose  i s  

c a l c u l a t e d  a s  though t h e  energy were uniformly d i s -  

t r i b u t e d  through t h e  organ. I n  t h e  e a r l i e s t  of  

t h e s e  recommendations, t h e  opinion was undoubtedly 

based upon meager d i r e c t  evidence p lus  t h e  know- 

ledge of r a d i a t i o n  biology of  those  involved,  and 

cau t ions  a s  t o  the  u n c e r t a i n t y  of t h e  procedure were 

a p p r o p r i a t e  (and s t i l l  a r e ,  s i n c e  f u l l  and complete 

d a t a  w i l l  r e q u i r e  some y e a r s  t o  accumulate).  How- 

eve r ,  a s  evidence has  accumulated, such cau t ions  

r e f e r  t o  a nuch narrower range of u n c e r t a i n t y .  I t  

is  t h e  purpose of t h i s  s e c t i o n  of t h e  r e p o r t  t o  

summarize b r i e f l y  some of t h e  more p e r t i n e n t  informa- 

t i o n  which can b e  used i n  a s s e s s i n g  t h e  ques t ion  of 

p a r t i c l e  dose b u t  is not  included i n  t h e  Tarnplin- 

Cochran document. 

Two reviews on t h e  ques t ion  of p a r t i c l e  dose  

have appeared i n  t h e  p a s t  yea r .  38'39 The f i r s t  
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focused on t h e  gene ra l  ques t ion  of whether t h e  non- 

uniform dose d i s t r i b u t i o n  i n  an organ is more o r  

l e s s  hazardous than t h e  uniform d i s t r i b u t i o n  ( i . e . ,  

review was a more complete examination of a l l  of t h e  

informat ion a v a i l a b l e  on plutonium and o t h e r  i so -  

topes  i n  t h e  lung ,  w i t h  emphasis on t h e  p a r t i c l e  

ques t ion .  The conclus ion of  t h i s  review was s i m i l a r  

t o  t h a t  of  t h e  f i r s t .  We w i l l  n o t ,  h e r e ,  pursue  

aga in  a l l  of  t h e  evidence but  w i l l  provide  a b r i e f  

d e s c r i p t i o n  of  some of  t h e  p e r t i n e n t  r e s u l t s .  While 

t h e s e  exper iments  a r e  s e l e c t e d  because  of t h e  way i n  

which they i l l u s t r a t e  t h e  r e s u l t s ,  we would a l s o  

n o t e  t h a t  n e i t h e r  of  t h e  reviews found evidence 

which i n d i c a t e d  t h e  p a r t i c l e  dose  t o  b e  more harmful 

than  t h e  uniform dose .  

L i t t l e  e t  aZ. 40s41 adminis tered 210~o (an  a lpha  

e m i t t e r )  i n t r a t r a c h e a l l y  t o  hamaters bo th  w i t h  and 

wi thout  i r o n  oxide .  The a d m i n i s t r a t i o n  wi th  i r o n  

produced agglomerations ( e f f e c t i v e l y  p a r t i c l e s )  of 

t h e  210~o on t h e  i r o n  oxide  p a r t i c l e s ,  wh i l e  t h e  

a d m i n i s t r a t i o n  wi thout  i r o n  produced a i c r e  uniform 

d i s t r i b u t i o n  a s  was shown by autoradiographs .  

sanders4'  performed exper iments  wi th  i n h a l a t i o n s  of  

bo th  2 3 8 ~ u ~ 2  and 2 3 9 ~ ~  2 prepared i n  t h e  same manner 

i n  r a t s .  The 2 3 8 ~ u 0 2  behaved i n  such a manner t h a t  

i t  appeared t o  be  more s o l u b l e  and provided a more 

homogeneous dose  t o  t h e  lung.  Both of  t h e s e  exper- 

iments l e d  t o  t h e  conc lus ion  t h a t  t h e  homogeneous 

d i s t r i b u t i o n  is more e f f e c t i v e  i n  producing cancer  

than  t h e  p a r t i c u l a t e  d i s t r i b u t i o n  ( i . e . ,  t h e  DF f o r  

t h e  p a r t i c u l a t e  i s  l e s s  t h a n  1 ) .  ~ o l ~ h i n ~ ~  quotes  

Lafuma a s  r e p o r t i n g  ". . . . .g  r e a t e r  t o x i c  e f f e c t s  

i nc lud ing  cancer  i n  r a t s  fo l lowing d e p o s i t i o n  of 

curium-242 i n  lungs  compared wi th  equa l  amounts of 

plutonium-239 a c t i v i t y .  Th i s  he  a t t r i b u t e s  t o  t h e  

d i f f u s e  n a t u r e  of t h e  curium d e p o s i t  and t h e  par- 

t i c u l a t e  n a t u r e  of t h e  plutonium, a s  shown by auto- 

radiographs .  " 

I n  s t u d i e s  wi th  b e t a  e m i t t e r s  i n  t h e  lung,  

 ember^^ concluded, ". . . . . t h e  c a r c i n o g e n i c i t y  o f  a 

g iven amount of  absorbed r a d i a t i o n  energy i n c r e a s e s  

up t o  a p o i n t ,  a s  t h e  abso rp t ion  of t h e  energy is  

spread o u t ,  both time- and space - r i se .  From a prac- 

t i c a l  po in t  of view, t h i s  means t h a t ,  f o r  a g iven 



t o c a l  araounr: of absorbed energy, low-level, con- 

t inuous exposure of t h e  t o t a l  lung may b e  more 

carcinogenic  than t h e  same amount of energy de- 

l i v e r e d  a c u t e l y  t o  a r e s t r i c t e d  volume." Thus, 

t h e r e  is evidence t h a t  t h e  same e f f e c t  may b e  t r u e  

f o r  b e t a  r a d i a t i o n s .  

Current experiments a t  t h e  Los Alamos Scien- 

t i f i c  Laboratory provide a d i r e c t  t e s t  of t h e  Geesa- 

man theory i n  t h a t  t h e  p a r t i c l e s  a r e  c a r r i e d  t o  t h e  

lung by t h e  bloodstream and a r e  lodged i n  immobile 

p o s i t i o n s  i n  t h e  c a p i l l a r i e s .  Here they a r e  i n  

p o s i t i o n  t o  i r r a d i a t e  t h e  surrounding t i s s u e  i n  pat-  

t e r n s  l i t t l e ,  i f  a t  a l l ,  d i f f e r e n t  from those  ad- 

minis tered by i n h a l a t i o n  o r  i n t r a t r a c h e a l l y .  How- 

ever ,  they do no t  agglomerate o r  move about so  t h a t  

t h e  r e s u l t s  can b e  a sc r ibed  t o  a f i x e d  p a r t i c l e  and 

t h e  dosimetry examined. I n  t h e  f i r s t  experiment,  
45 

p a r t i c l e s  of 2 3 8 P ~ ~  of 180-pm diameter ware used 2 
i n  rats. Although a l e s i o n  s i m i l a r  t o  t h e  one de- 

s c r i b e d  by ~ u s h b a u g h ~  developed, i t  d i d  no t  a f f e c t  

t h e  well-being of t h e  animal,  and no cancers  de- 

veloped i n  32 animals s a c r i f i c e d  from 120 t o  400 days 

a f t e r  implan ta t ion  o r  i n  a group of 6 animals allowed 

t o  l i v e  out t h e i r  l i f e t i m e .  It  is es t imated t h a t  t h e  

r a d i a t i o n  energy from t h i s  p a r t i c l e ,  i f  averaged 

over t h e  lung of t h e  l a t t e r  6 animals,  would have 

de l ive red  a dose of 2 500 000 rads  ( o r  25 000 000 

rems). Such a dose t o  t h e  f u l l  lung would have caused 

very e a i l y  dea th  and is many o rde r s  of magnitude 

above t h a t  a t  which inc reased  inc idence  of cancer  i s  

noted . 
I n  an experiment c u r r e n t l y  i n  progress .  46.47 

uniform-sized microspheres (10-pm-diameter) of ZrO 
2 

a r e  used with  in termixed Pu02 t o  provide p a r t i c l e s  

of d i f f e r i n g  a c t i v i t i e s ,  and t h e s e  a r e  in t roduced 

i n t o  t h e  lungs of hamsters by t h e  above technique.  

I n  t h e  f i r s t  s tudy i n  t h i s  experiment,  8 groups of 

60 animals each were i n j e c t e d  wi th  2000 such par- 

t i c l e s ,  wi th  t h e  plutonium content  of each p a r t i c l e  

ranging from 0.07 t o  59.4 pCi. E s s e n t i a l l y  a l l  of 

animals have now d ied ,  wi th  only  two lung cancers  

observed. (Three o t h e r  cancers  i n  t h e  exposed ani-  

mals occurred i n  organs o t h e r  than t h e  lung.) The 

dose r a t e s  t o  the  lungs of those  animals,  when ca l -  

cu la t ed  as t h e  average dose t o  t h e  lung,  ranged 

from 1 3  rads  per  yea r  (130 rems per  year)  t o  12 000 

rads  pe r  yea r  (120 000 rems pe r  y e a r ) .  This i s  a 

r a g e  over which one would expect h igh tumor 

inc idence  and, i n  f a c t ,  premature death  from pul- 

monary i n e f f i c i e n c y  i f  t h e  m a t e r i a l  had been d i s -  

t r i b u t e d  homogeneously. S ince  t h e  s u r v i v a l  curves 

of t h e  i n d i d d u a l  groups d i d  no t  d i f f e r  from those  

of t h e  c o n t r o l s  and t h e  t o t a l  tumor inc idence  was 

low, one can only conclude t h a t  t h e  DF fo r ' p lu ton ium 

i n  p a r t i c u l a t e  form must be  l e s s  than one. I n  t h e  

con t inua t ion  o f  t h i s  s tudy ,  some 1900 hamsters have 
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received 1 .6  x 1 0  microspheres .48 A s  of October * 
1974, t h e  minimum time o f  exposure has  been 50 weeks, 

which is  comparable t o  o r  longer  than t h e  tumor 

induc t ion  times observed by L i t t l e  e t  aZ. i n  t h e i r  

experiments r r i th  more uniformly d i s t r i b u t e d  210~o. 

I n  f a c t ,  only  t h r e e  lung tumors ( inc lud ing  t h e  two 

observed i n  t:he f i r s t  s tudy)  have, a s  y e t ,  developed 

from t h e  mic~:osphere exposures.  While t h i s  s tudy  is 

a s  y e t  incomplete,  t h e  ve ry  low t u o r  inc idence  

again  indicat :es  a low e f f e c t i v e n e s s  of t h e  p a r t i c l e s  

i n  inducing lung cancers  a s  compared t o  more homo- 

geneously d i s t r i b u t e d  a lpha  e m i t t e r s ,  as w e l l  as t h e  

f a i l u r e  of t h e  Geesaman hypothesis  t o  c o r r e c t l y  fo re -  

c a s t  t h e  r e s u l t s  of t h i s  experiment.  

V I I I  . DISCUElSION 

There appear t o  b e  few f u r t h e r  conclusions  

which can b e  drawn. The preceding review h a s  ind i -  

ca ted t h a t  t h e  Tamplin-Cochran conclusions  a r e  based 

upon a hypothesis  which r e q u i r e s  cons ide rab le  

ex t rapo la t io r i  of t h e  d a t a  upon which i t  i s  based. 

La te r  evidence,  of t h e  sane n a t u r e  a s  was used i n  

t h e  d e r i v a t i c n  ( i . e . ,  r a t  s k i n  d a t a ) ,  does no t  sup- 

por t  t h e  ass impt ions  of t h e  o r i g i n a l  model. The 

Tamplin-Cochran i n t e r p r e t a t i o n  of t h e  model no t  only 

f a i l s  t o  t ake  i n t o  account t h e  l a t e r  evidence b u t  

appears t o  p resen t  t h e  hypothesis  a s  f a c t .  The 

suppor t ing  evidence on human d a t a  which they p resen t  

a r e  based upon unsupported assumptions and d i s t o r -  

t i o n s  of t h e  words of t h e  au thors  they quote.  Most 

impor tan t ly ,  they f a i l  t o  u s e  o r  acknowledge d i r e c t  

evidence on t h e  e f f e c t  o f  r a d i o a c t i v e  p a r t i c l e s .  

Such evidence i n d i c a t e s  t h a t  t h e  b a s i c  damage model 

which they  use  overes t imates  badly t h e  carcinogenic  

e f f e c t s  of r a d i o a c t i v e  p a r t i c l e s .  We conclude, 

* 
Reference 48 i n d i c a t e s  t h a t  ".....by t h e  s p r i n g  o f  

1974. . . . ." t hese  exposures had been a t t a i n e d .  The 
i n t e n t  was t o  i n d i c a t e  progress  t o  t h e  t ime o f  prep- 
a r a t i o n  o f  t h e  paper.  The admin i s t r a t ions  were 
a c t u a l l y  completed i n  September 1973. 



t h e r e f o r e ,  t h a t  t h e  a p p l i c a t i o n  of t h e  average organ 

dose t o  t h e  e s t ab l i shmen t  of l i m i t s  is  s t i l l  appro- 

p r i a t e ,  a l though exper imenta t ion t o  narrow e x i s t i n g  

u n c e r t a i n t i e s  on t h e  e f f e c t s  of  non-uniform dose 

d i s t r i b u t i o n  should  cont inue.  

E. C. Anderson and P. N .  Dean, "Ef fec t s  of 
I n t e r n a l  Rad ia t ion  on Living Organisms (Hot 
P a r t i c l e  Program). Dosimetry ," i n  Annual 
Report of  t h e  Biomedical and Environmental 
Research Program of t h e  LASL Heal th  Div i s ion ,  
January through December 1973, Los Alamos Sci-  
e n t i f i c  Laboratory  r e p o r t  LA-5633-PR (1974).  
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September 9, 1974 

The Enewetak Council 

On September 7, 1974 the Director of Territorial Affairs, 
Mr. Stanley S. Carpenter, announced that in answer to a 
longstanding request from the people of Enewetak, fifty (50) 
people would be permitted to return to live on Japtan at the 
earliest possible time, subject to certai,n restrictions. 
The restrictions are designed for your safety and will apply 
until you are notified that they have been altered. 

We ask that the following restrictions be duly noted and 
accepted by the Council in that your assurances in this 
regard will comply with one of the criteria which can help 
insure an early return: 

(1) No visits are permitted on the northern islands 
from Runit to Riken. 

( 2 )  Scrap collection and stockpiling can be undertaken 
only with approval of the District Administrator's 
Representative. 

( 3 )  Visits to Enewetak Island must be coordinated 
between the District Administrator's Representative and 
the site manager of Enewetak Base. 

( 4 )  Visits to other southern islands may not be made 
without the specific prior approval of the District 
Administrator's Representative and, then, only in 
accordance with his instructions. 

We appreciate your early consideration of' the above and are 
hopeful that we can have some written expression from your 
Council that these restrictions are understood and will be 
fully observed. 

(Signed) Peter T. Coleman 
Deputy High Commissioner 
Trust Territory of the Pacific 1:slands 

(Signed) Harry U. Brown 
Office of Territorial Affairs 
Department of the Interior 

(Signed) M. R. Biles 
U.S. AEC 
Atomic Energy Commission 
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O R D I N A N C E  

of the 

COUNCIL OF ENEWETAK 

WHEREAS Mr. Stanley Carpenter, Director, Office of 

Territorial Affairs, Department of Interior, informed the 

Council of Enewetak that their long-standing request to 

establish a settlement of fifty (50) persons on Japtan 

Island, Enewetak Atoll, will be permitted, and 

WHEREAS the conditions existing on Enewetak Atoll 

require that certain safety precautions be taken with respect 

to the movements and activities of the me:mbers of the settle- 

ment and the Trust Territory of the Pacific Islands, the 

Department of Interior and the Atomic Energy Commission have 

suggested certain precautions and limitations in a memo- 

randum to the Council on September 9, 1974, and 

WHEREAS the Council is in full agree:ment with those 

precautions and limitations, 

NOW THEREFORE THE FOLLOWING ORDINANCE IS ADOPTED: 

Section 1. This ordinance shall apply to all persons 
residing or visiting on Japtan Island, Enewetak Atoll, 
in connection with the temporary settlement there. 

Section 2. No person shall visit or enter into that 
area in the northern and western part of Enewetak Atoll 
bounded by Runit Island in the east and Biken Island in 
the west and including all the intervening beach, 
island and reef areas. 

Section 3. No person shall collect or stockpile scrap 
from any island in the Atoll, except with the prior 
approval of the District Administrator's Representative 
for Enewetak. 

Section 4. No person shall visit Enewetak Island 
without coordinating that visit with the District 
Administrator's Representative (who shall coordinate 
all visits with the site manager of Enewetak Base). 
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Section 5. No person shall visit the island of Kidrenen, 
Robewon, Boken, Mut or Ikwren without first obtaining 
specific approval from the District .Administrator's 
Representative and any such approved visit shall only 
be made in accordance with his instructions. 

Section 6 This ordinance shall be enforceable by the 
District Administration and violation thereof shall be 
punishable by a fine of One Hundred Dollars ($100.00) 
and the Council pledges its full assistance in 
enforcement. 

Section 7. This ordinance shall remain in full force 
and effect until notification is received from the 
District Administrator that these precautions and 
limitations are no longer needed. 

CERTIFICATION 

I, John Abraham, hereby certify that the foregoing 

ordinance was considered by the Council of Enewetak Atoll, 

assembled at Enewetak Atoll, on the 9th day of September, 

1974, at which a quorum was present and duly enacted by 

unanimous vote. 

(Signed) Jo'hn - Abraham 

JOHN ABRAHAM 
Ma.gistrate 

(Signed) - Sa.m Livai 

SAM LIVAI, 
Scribe 

Approved this 11th day of September, 1974. 

(Signed) Oscar - DeBrum 

OSCAR DeBRUM 
District Administrator 
Marshall Islands District 
Trust Territory of the 
Pacific Islands 
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AGREEMENT BETWEEN THE DEFENSE NUCLEAR AGENCY 

AND THE DEPARTMENT OF THE INTERIOR TO 

PROVIDE FOR DRI-ENEWETAK SETTLEMENT AT 

JAPTAN ISLAND, ENEWETAK ATOLL, M.I. 

This Agreement made this third day of - January, 1975, by and 

between the Defense Nuclear Agency, hereinafter referred to 

as "DNA", as project manager for the Department of Defense, 

and the Department of the Interior, acting through the 

Office of Territorial Affairs, hereinafter referred to as 

lDOI" . 

WHEREAS, the dri-Enewetak desire that an advance party 

not to exceed fifty (50) people be permitted to return to 

Japtan Island, Enewetak Atoll, M.I.; and 

WHEREAS, DO1 announced to the dri-Enewetak on 7 September, 

1974 that such an advance party could return to Japtan 

Island; provided however, no return could take place prior 

to execution of an agreement between the United States of 

America and the Government of the Trust Territory of the 

Pacific Island (TTPI) transferring Enewetak Atoll back to 

TTPI ; 

NOW THEREFORE, the parties agree as follows: 

1. A group of dri-Enewetak, not to exceed fifty (50) 

in number, may return to Japtan Island as soon as reasonably 

practicable after execution of an agreemeat between the 

United States of America and TTPI transferring Enewetak 

Atoll to TTPI. 

2. It is expressly understood that the islands of 

Enewetak Atoll, because of the presence of radioactive 

contamination, deteriorated physical structures and debris, 

pose a potential hazard to the health and safety of the dri- 

Enewetak: further, the support capabilities of DNA on the 
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Atoll are limited. Accordingly, the dri-Ehewetak will 

reside only on Japtan Island and will not visit the radio- 

actively contaminated northern islands; further, the dri- 

Enewetak will not go to other islands for the purpose of 

gathering materials or scrap and generally they will in no 

way hinder DNA operations on the Atoll. Movement other than 

as herein specified will be in accordance with agreements 

between TTPI and Field Command, Defense Nuclear Agency 

(FC DNA) . 
3 .  DO1 is responsible for providing or assuring the 

provision of all necessary subsistence and support for the 

dri-Enewetak at Japtan Island. 

4.  DO1 is responsible for assuring compliance on the 

part of the dri-Enewetak with all restrictions and regulations 

now or hereafter adopted by DNA, and generally for the 

administration of civil and criminal law among the dri- 

Enewetak. In furtherance of this requirement, DO1 will 

assure that a resident representative of TTPI is assigned to 

live on Enewetak Atoll. 

5. DNA will provide, on a reimbursable basis, emer- 

gency support and assistance to the dri-Enewetak, as and if 

available. The determination of what constitutes an emergency 

support requirement and of the availability of such support 

will be made by DNA. 

6. This Agreement will be implemented by TTPI as 

representative of DO1 and FC DNA as representative of DNA. 
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IN WITNESS WHEREOF, the parties hereto have executed the 

Agreement as of the day and year first above written. 

DEFENSE NUCLEAR AGENCY DEPARTMENT OF THE INTERIOR 

By: (Signed) Warren D. Johnson By: - (Signed) Stanley S. Carpenter 

WARREN D. JOHNSON 
Lieutenant General, USAF 
Director 

STANLEY S . CARPENTER 
Director, Office of 
Territorial Affairs 









UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT AI)MINISTRATION 
WASHINGTON, D.C. 20545 

February  6 ,  1'375 

L t .  Gen. Warren D. Johnson, USAF 
Director, Defense Nuclear Agency 
Iv'ashington, D.C. 20305 

3ear General Johnson: 

Your l e t t e r  of January 8, 1975, t o  biaj or General Ernest Graves 
has been forwarded to  us for reply. I t  i s  the view of ERDA s taf f  
that  the U.S. Environmental Protection Agency (EPA) comments on 
the Enewetak Draft Environmental Impact Statement reflect  a con- 
siderable degree of insight into the important issues of th is  
complex task and are in fact  a very favorable response. 

Spaking  t o  those items related to  radiological aspects in the 
EPA analysis of proposed actions, we believe there are adequate 
answers t o  a l l  of the questions posed and concerns expressed. 
Several of the EPA concerns are covered by actions taken or 
planned since the DEIS was drafted. 

ERDA s taf f  response to  EPA questions and concerns i s  contained 
in  a report enti t led "Staff Review of EPA Comments on the DEIS 
for  Cleanup, Rehabilitation, Resettlement of Enewetak Atoll." 
This deals with the radiological aspects of the EPA analysis. 
A copy of the report i s  enclosed for  your use. 

Our response t o  the EPA comments i s ,  of course, predicated on 
the assumption that  ERDA w i l l  provide support for  those act iv i t ies  
planned in i t ia ted  by AEC. If additional di.scussions are 
needed to ass i s t  you w i t h  comments on the DEIS, we rsould be glad 
to help. 

  arb B. Biles, Direckr 
Division of Operational %fety 

Enclosure : 
!LS stated 





F e b r u a r y  4, 1975 

STAFF REL'IEW 

OF EPA COMMEXTS O N  THE DEIS - 
FOR CLEANUP,  REHABILITATIOhI, RESETTLE- 

h4ENT O F  E?SETIC'ET-4K ATOILL 

In the i r  comments ,  EPA expressed  reserva t ions  regarding the 
environmental  impact  of actions proposed i n  the DEIS and s tated 
that m o r e  information was  needed i n  ce r t a in  a r e a s  to  fully a s s e s s  
this impact .  EPA comments  noted that radiation protection c r i t e r i a  
and cleanup c r i t e r i a  recommended by AEC had been previously 
accepted a s  upper  l imi ts  with the  additional qualj.fication that  
population doses  be maintained a s  low a s  practicable.  

The following comments  a r e  provided f o r  those specific i t e m s  of 
EPA concern  under  the genera l  heading, Radiological Aspects :  

1, Cur ren t  Sampling Needs 

Regarding brackish  water  l enses  on is lands to be inhabitated, the 
Enev~etak  Atoll Mas te r  P lan  indicates  that ra.imvater i s  to  be  used 
f o r  drinking water .  Vol. 11, Section D, page 4 -26  of the  DEIS 
indicates  that ra inwater  f r o m  the roofs of houses will d r a i n  into 
a 3 ,780  gallon c is te rn .  A supplemental 3, 200 gallon c i s t e r n  
wil l  be provided with each hoase to guarantee a n  adequate water  
supply. A common well  will  s e r v e  each c lus te r  of houses.  
P lans  a r e  to  u s e  well water  for  washing clotklss a l ~ d  d ishes  and 
f o r  bathing. . . 

AEC T a s k  Group recommendations number 2h and 10, Vol .  11, 
Section B, pages 25 and 29, of the DEIS s ta te  that wells f o r  human 
u s e  should be dr i l led  only on the southern is lands and that a n  
underground lens water  sampling and ana lys is  p rogram should be 
conducted with samples  taken over  a period of a t  l eas t  12  calendar  
months.  

ERDA staff have recognized need for  additional infol-mztion on 
l ens  wa te r  quality a t  Eneweta k Atoll, but believe that this  i s  not 
grounds f o r  delaying cleanxp and reset t lement .  S ~ o n  a f t e r  publi- 
cation of NVO-140, a ground lvater sampling p rogram was  initiated 
by ERDA through the D i ~ i s i o n  of B ion~cd ica i  and E n v i r o ~ m e n t z l  
Resea rch  and the Nevada Operations Office, o r 1  7 of the l a r g e r  
i s lands  of Enewetak Atoll. This program,  designed and conducted 



jointly by Lawrence  L i v e r m o r e  Laboratory and the University 
of Hawaii, u t i l izes  a tota l  of 15 dr i l l ed  wel ls ,  11 of which a r e  
40 f ee t  deep  and 4 of which a r e  200 f ee t  deep. Objectives 
include de te rmina t ion  of radionuclide and s table  e lement  con- 
cen t ra t ions ,  cycling mechan i sms ,  bacter iological  content, 
recharg ing  r a t e s ,  etc.  

In addition, ERDA i s  init iat ing on Enjebi (JANET) a n  exper i -  
m e n t a l  ag r i cu l tu ra l  p r o g r a m  to  evaluate ,  among o ther  things, 
the significance of ground w a t e r  contaminanats  ( radionucl ides  j 
t o  the  potential  i n t e rna l  dose  to  m a n  i n  the Enjebi environment,  
It i s  anticipated that  t hese  p r o g r a m s ,  which a r e  being continued 
for a n  indefinite per iod,  wi l l  provide a good understanding of 
the  ground w a t e r  s y s t e m s  on a l l  i s l ands  which a r e  planned a s  
r e s iden t i a l  i s lands  be fo re  ac tua l  r e se t t l emen t  occurs .  

The p r i m a r y  ques t ion  to b e  answered  by the l ens  wa te r  study i s  
the  u s e  tha t  can  b e  made  of underground lens  wa te r  by people 
when they re turn .  

F o r  the  50 people who a r e  to  r e t u r n  to  Japtan Island p r i o r  to  
c leanup of the a to l l ,  addit ional w a t e r  catchment  tanlcs a r e  to be  
provided on Jap tan  for s t o r a g e  of ra inwater  f o r  drinking and 
cookir.g. It i s  unders tood that  addit ional de ta i l s  on the e a r l y  
r e t u r n  to Jap tan  Island a r e  to be presen ted  i n  a r epo r t  entitled 
"Ear ly  Re tu rn  P r o g r a m  Operat ional  Plan,  I '  that  i s  to be m a d e  
a p a r t  of the EIS. 

Regarding sampling for  a i r b o r n e  radioactivity,  E R D A  staff hold 
the  posit ion tha t  sampling ac tua l  conditions i s  the i dea l  approach  
f o r  de te rmin ing  the  radioact ivi ty  content of ground l eve l  a i r  on 
the  va r ions  i s l ands  i n  the atoll .  However,  th i s  can  be  done only 
a f t e r  the  i s l ands  are inhabitated.  -An impor tan t  considerat ion i s  
that s o m e  of the  ac t iv i t i es  of the r e s iden t s  t hemse lves  vJill p ro -  
duce  dust .  The n e s t  bes t  approach  would b e  to sample  levels  
of r sd ioac t i t i t y  i n  ~ i r  during cleanup operat ions .  This  prompted 
recommendat ion  n m b e r  1 1  by the I~'IEC T z s k  Group i n  Vol. 11, 
Sect ion G ,  page 30,  of the  DEIS. This  recommendat ion s t a t e s  
tha t  a comprehens ive  a i r  sampling p r o g r a m  should be conducted 
over a per iod  of 1 2  consecut ive months  coincident with and i n  
suppor t  of c leanup opera t ions ,  Such sampling should b e  p e r -  
f o r m e d  by those pro l id ing  hcai th  physics  support  fo r  cleanup 
opera t ions  under  d i rec t ion  of the agency heving responsibility 
f o r  c leanup a s  contained i n  Task  Grocp  recornmendation 7a, 
page 27, and 15,  page 31. The r e su l t s  of th i s  a i r  sampling 



effort: should be  documented i n  a comprehensive final r e p o r t  
f r o m  the cleanup agency. See Task Group recommendation 
number 14, page.31. These samples  would be  analyzed f o r  a l l  
radionuclides that  could be found, including uranium. : 

2. Fu tu re  Sampling 

The need f o r  base- l ine  surveys of radionuclide body burdens i n  
the Enewetak people p r io r  to r e t u r n  and subsequent to  r e tu rn ,  
as  a check on the i r  s ta tus  and to  a s s u r e  that exposure c r i t e r i a  
a r e  not being approached o r  exceeded, i s  estab.lished i n  Task  
Group recommendat ion 1 2 ,  page 30. The responsibil i ty f o r  
long- te rm radiological monitoring of the  people and environments 
r e s t s  with ERDA. See pa r t  1.4, page 1-4, Vol.. I of the DEIS. 
Two divisions within ERDA c a r r y  out th is  responsibil i ty,  namely, 
Division of Biomedical and Environmental Research  f o r  follo~vup 
of the people, and Division of Operational Safety fo r  followup of 
the environment.  The cu r ren t  follotvup being p1:ovided f o r  Bikini 
Atoll  people by the Brookhaven Kational Laboratory and the University 
of JVashingtor! with a s s i s t ance  f r o m  the Lar=renc:e L ive rmore  1,abora- 
tory ,  acting c s  cont rac tors  for  ERDA, will  be  expanded to cover  
the Enewetak people and their  environment when they r e t u r n  to 
their homes .  The responsibil i ty for funding these efforts cu r ren t ly  
r e s t s  with ERDA. 

Considering that c l e a n ~ p  and rehabili tation of Erlewetak Atoll  is 
a U. S. Government action, we suggest the following specific 
wording to desc r ibe  the responsibi l i t ies  of the m a j o r  agencies:  

"The ag reed  division of DOD, DOI, and E R D A  (AEC) respons i -  
bi l i t ies  f o r  the proposed cleanup, rehabilitation, and r e se t t l e -  
m e n t  of Enewetak Atoll has  evolved over  the past several  y e a r s  
as  a r e s u l t  of var ious  rnernorznda, i n t e ragenc :~  meet ings,  and 
o ther  discussiorls and documentation. The governmental  agency 
responsibi l i t ies  e s sentially have been  and a r e :  

Energy 
Admini 
Commi 

R e s e a r c h  and Development - - -  conduct a radiological su rvey  
s t ra t ion  (Atomic Energy p r io r  to cleanup and rehabi l i ta-  
s s ion)  tion; p r e p a r e  judgements and 

reconlmendations on radiological  
cleanup and provide them to  
DOD and DOI; conduct u t u r c  
periodic follost-up radiological 
s u r v e ~ ~ - s  a s  necessa ry ;  and 

I 
maintain periodic monitor ing 



of the  heal th  s ta tus  of the  
rese t t l ed  people and of the  
radioactivity i n  the en\$ron- 
m e n t  subsequent to r e -  
habilitation. 

Depar tment  of Defense - - - - - - - - - - - - - -  conduct a n  engineering s u r v e y  
p r i o r  to  cleanup; main ta in  
fac i l i t i es  f r o m  which to b a s e  
su rveys ,  cleanup, and r e -  
habil i tat ion; develop a n  en -  
v i ronmenta l  impac t  s t a t e -  
ment ;  and pe r fo rm cleanup 
operat ions  including d e b r i s  
d i sposa l  and radiological  
control  during such operat ions .  

Department of the Interior - -  - - -  - - -  - -  - rehabi l i ta te  the  a to l l  (e. g . ,  
planting of c r o p s ,  housing, 
construct ion,  etc. ) to  p e r m i t  
the people to  be  a s  se l f -  
sufficient a s  possible.  " 

Recommended Cleanup and Disposal P l an  

The A E C  T a s k  Group object ives  i n  making recommendat ions  fo r  
c leanup of plutonium i n  so i l  was  f i r s t  t o  a s s u r e  that  a g roup  of 
qualified expe r t s  would b e  a s sembled  to c a r r y  out the r ccommenda-  
t ions,  and second, t o  provide c leanup c r i t e r i a  specif ic  enough to  
a s s i s t  t h e s e  e s p e r t s  i n  making good day-to-day decis ions  on 
cleanup of i s l ands  and a t  the s a m e  t i m e  not so  specif ic  that  t h e r e  
c a n  b e  no r o o m  f o r  f lexibil i ty i n  application to  account  fo r  conditions 
y e t  to b e  d i scovered  o r  encountered during ac tua l  operat ions .  

Gene ra l  guidance on clearrup of plutonium i s  presented i n  Task  Group 
recommendzt ions  6 ,  7, and 8 ,  page; 27 through 29, i n  TTol. 11, 
sec t ion  B, of the  DEIS. Objectives and justification a r e  gisren f o r  
r emova l  of contaminated soil.  h lore  detailed guidance i s  given i n  
Appendis  III of Section B, on  he\./ the -20 pCi /gm and 400 pCi /gm 
a r e  to b e  applied. 

The T a s k  Group 05jeciive was to recommend a n  approach  to  a ~ p l i -  
cat ion of numer i ca l  c leznup c r i t e r i a  that  moulc! achieve the greatcs :  
dose  reduct ion fo r  the  e f iqr t  and do l l a r s  expended. The 400 pCi /gn l  
guide was  viewed a s  a:1 upper  l imi t  of contamination with I-emo\,al 
of such s o i l  requi red  a t  o r  abos-e this value 0:: any i s land  w h e r e  
i t  m a y  b e  found and a t  any depth below the s;:rface of i s lznds .  The 



40 p ~ i / g m  guide was  viewed a s  a lower l imi t  below which co r rec t ive  
actions would not be  required because of the presence  of plutonium 
alone. Guidance f o r  cleanup of contaminated so i l  i n  the range between 
400 and 40pCi /gm i s  presented on page ILI-9 of section B. This 
guidance s t a t e s  that removal  of contaminated so i l  i s  be t t e r  justified 
f o r  the l a r g e r  is laxds that m a y  someday contain permanent  housing 
than f o r  s m a l l  is lands.  The guidance specifies that  once the de -  
c is ion is ~ n a d e  to  take action, the objective i s  a substant ial  reduction 
i n  plutonium soi l  concentrations ~ 5 t h  reduction to the lowest  pract icable  
level ,  not just  reduction to some prescr ibed  numer ica l  value. 

ERDA staff believe that  the Task Group recom~nenda t ions  and assoc ia ted  
m z t e r i a l  a r e  specific enough to guide the actions and decis ions of a 
qualified group who a r e  assembled  to c a r r y  out. cleanup actions a t  
Enewetak Atoll. 

The next subject f o r  EPA concern, paragraph 2 on page 2, regarding 
disposal  of contaminated soil ,  should b e  be t t e r  considered by DKA 
staff and wil l  not be addressed  i n  this review. 

Recommended Rehabilitation and Resettlement P l a ~  

The radiological implicat ions of use  of the norl:heastern is lands for  
subsis tence and commerc ia l  production of coconuts were  not ove r -  
looked i n  development of input m a t e r i a l  for  the DEIS. The pract ical  
means  f o r  avoiding exposures  a t  Enewetalc Atol.1 range a l l  the way 
f rom' recommending  against  any r e tu rn  of people to the a to l l  to other  
s e v e r e  act ions such a s  res t r ic t ing  u s e  of any loczl  foods and import ing 
a l l  food. Justification fo r  recommended acti0n.s i s  contained in the 
AEC Task  Group repor t  presented a s  section B. of Vol. I1 of the DEIS. 
The purpose i n  recommending u s e  of the northeast  i s lands  for  
raising coconut was to provide the people a s  r x u c h  land as  possible 
f o r  production of copra ,  the i r  p r i m a r y  c a s h  crop ,  not to provide 
a n  adequate supply of coconut fo r  food. Coconut grown i n  the 
southern is lands \\-ill be m o r e  than adequate foj: food. Ho\vevel:, i t  
was recognized that anywhere cocon~zts a r e  grown in  the a t o l l ,  
whether f o r  food o r  copra procl.uction, t he re  \..-ill be  some u s e  2 s  
food. Use of the  nor theas tern  is lands for  growing coconuts i n -  
c r e a s e s  the land a r e a  fo r  this c rop  f r o m  about 830 a c r e s  to about 
1, 200 a c r e s .  A n  i n c r e a s e  of 5070 i n  agr icu l tura l  land i s  a signifi - 
cant  f ac to r  especial ly  where  useable land i s  l imited. See table 3-1 ,  
Vol. 11, sectior: D, of the D E E  fo r  the a r e a s  of var ious is lands.  

A s  fo r  the additional radiation cxposGre that would be received by 
allowing people living on the  southeril i s lands  to  ea t  coconut f r o m  
the nor theas t  i s lands  (KATE through SVILhLZ), a r e t i e w  of predicted 



doses  does  not support  the EPA conlment tha t  vi r tual ly  all of 
the  predicted dose  received by the Enewetakese under  the p ro -  
posed plan i s  due to this  decision,  To examine this  one m u s t  
compare  the predicted doses  f o r  whole body, bone, and bone 
m a r r o w  given i n  t he  Task  Group Report  and mzke  a judgement 
on conditions that  a r e  m o s t  likely to occur .  Thi r ty  -yez r  doses  
m a y  b e  compared  using Living P a t t e r n s  A and 3, Tzbles 1 ,  2, 
3, and 4, Vol. 2, Section B of the  DEIS. 

In .Table 1 ,  page 32, Living P a t t e r n  B, impor t ing  pandanus and 
b read f ru i t  reduced the 3C-year whole body dose  f r o m  4 .4  to 2. 2 
Rerri, a  reduction of 2. 2 Rem. Importing coconut and t acca  
f u r t h e r  r educes  the dose  f r o m  2. 2 to 1 .9  Rem,  a reduction of 
0. 3 Rem. Importing m e a t  m a k e s  a reduct ion f r o m  1 .9  to  1. 3 
Rern, a reduct ion of 0.6 Rem. Placing r e s t r i c t i o n s  on u s e  of 
i s l ands  :<ATE through W I L b X  fo r  production of pandanus, 
b readf ru i t ,  and m e a t  gives the g r e a t e s t  benefit  i n  reducing dose. 
Adding coconut f r o m  KATE through WILMA (tacca m a k e s  a sn la l l  
contribution by Fomparisonj  to the diet of people l i v i n g  on and 
taking the i r  food f r o m  southern  islanGs will i n c r e a s e  the i r  30-year  
whole body dose  f r o m  1. 0 t c  1. 3 Rem. (See Living P a t t e r n  A: 
Table  1 ,  page 32. ) Thz comparable  30-year  m i n e r a l  bone dose  
wil l  i n c r e a s e  f r o m  3. S to  6. 2 Rem. ( S e e  Table  2, page 33. ) 

Dose compar i sons  f o r  m a x i m u m  annual dose  for  whole body and 
bone m a r r o w  can  be  rrlkde i ~ s i n g  Appendix IV of the Task  Group 
Repor t  i n  Section B, Tables  3, 4, 5 ,  8, 9, and Taking 
the KATE through WILMA coconut and tacca out of the d i e t  
r educes  the a m u a l  bone m a r r o w  dose  f r o m  0. 200 t o  0 .092 Rem. 
(See Tables  3 , 4 ,  and 5, pages W-15  and 16 . )  Most of t h i s  r e -  
ductioil i s  due  to  c o c o r ~ t .  Pcltting th i s  coconclt into the d i e t  of 
those  living on southern  i s lands  would i n c r e a s e  the annual bone 
m a r r o w  dose  f r o m  0.047 to  0.155 Rem. The comparab le  i n -  
c r e a s e  i n  annual  whole body dose  i s  f r o m  0.039 to 0.107. 
(See Tables  8 , 9 ,  and 10, pages  IV-18 and 19. ) 

In making t h e s e  compar i sons ,  t h e r e  i s  a v e r y  impor tan t  fac tor  
to  cons ide r ,  namely,  these  a r e  the  i n c r e a s e s  ir, dose  tha t  a r e  
predicted assurning tha t  - a l l  of tile coccnut ea ten  by those living 
on southern  i s lznds  c o m e s  f r o m  U T E  through lVILM.4. In 
fact ,  coconut used a s  food on southern  i s l ands  wil l  b e a  m i x t u r e  
with much  c0rnir.g f r o m  the vil lage is lands.  Doses  somewhere  
between Living P a t t e r n s  A and B and behveen P a t t e r n s  1 and Z 
a r e  espected.  

:::Values f o r  J a ~ u a r y  1 9 7 4  o r  January  1984 used  deperrding on which 
t i m e  gave the highest  dose.  



Use of the northeast  is lands f o r  coconut produ.ction i n c r e a s e s  the 
amount of available land, compared to the a r e a  of southern is lands,  
by 50 percent .  This means  that the quantity of copra produced 
could roughly inc rease  a s imi l a r  amount a s  would the c a s h  income 
f r o m  th is  crop. This  i s  an  important  benefit. The additional 
exposure that  will  come f r o m  u s e  of these  coconuts a s  a p a r t  
of the coconut i n  the diet  i s  expected to b e  ve ry  low and we l l  
within the recommended radiation c r i t e r i a .  

Application of the "as  low a s  pract icablerf  concept i n  a n  effor t  to  
de te rmine  marketabi l i ty  of copra f r o m  Enewetak would not 
guarantee that  the product would be acceptable to  those outs ide 
the atoll. The AEC Task  Group addressed  this  question and 
decided i t  could not de termine  what leve l  of radioactivity i n  
copra would unquestionably be  found acceptab1.e. Detectable 
quantit ies of radionuclides f r o m  a tmospher ic  t e s t s  of nuclear  
explosives will  be found i n  copra f r o m  Enewetak Atoll and i n  
copra  f r o m  other  a tol ls  a s  well. The r e c o m ~ e n d a . t i o n s  for 
rehabili tation of Enewetak make  about 1 ,  200 a c r e s  zvailable 
fo r  copra p r o d ~ c t i o n .  When handled through normal  channels,  
th i s  copra  wil l  be added to that produced frnrri approximately 
76, 000 a c r e s  represented  by the total  production in  the U. S. 
T r u s t  Te r r i to r i e s .  

In t e r m s  of annual production, i t  is quite uncertain what t h e  
total  production of copra under  the recommended re s t r i c t ions  
might be. The total  land a r e a  of the atol l  i s  a.bout 1,  SO0 a c r e s  
of which roughly 1,  200 o r  about 65  percent  is being re turned  
and could b e  available fo r  growing coconuts. The  ac tua l  amount 
will  be  l e s s  than this ,  considering the a r e a s  that  a r e  to  b e  de-  
voted to housing, the runway, and other  uses .  P a r t  D, Vol, LI 
of the DEIS, page 4-51, presents  es t imates  of: the annual copra 
production fo r  Enewetak considering the unce:rtainty of yield of 
nuts p e r  t r ee .  Using the yield point of a n  average  of 30 nuts  
p e r  t r e e ,  the en t i r e  a tol l  production m a y  be  a s  much a s  500 t ~ n s / ~ r .  
I£ only 65 percent  of t h e  atol l  i s  re turned,  thi:j ~vould  be  reduced 
to  325 tonsIyr .  The annual income could be  0 .65  X $40,000 
o r  $26, O O O / y r  a t  the c u r r e n t  pr ice  of copra.  About 1 I 3  of this  
would come f r o m  copra produced in  the nor theas t  is lands.  

As to  the amount of 9 O ~ r  and 1 3 7 ~ s  that  would: b e  i n  copra  f r o m  
Enewetak, page 583, NVO-140, indicates  that the ave rage  con- 
centrat ions of 9 0 ~ r  and 1 3 7 ~ s  i n  dr ied coconut m e a t  samples  
(considered f o r  this compar ison  to be  the s a m e  a s  copra)  a r e  a s  
follows : 



KATE- WILMA 

ALVIN-KEITH 

Concentrat ion 

9 0 ~ r  
1 3 7  

C3 

I£ the -4LVIN-KEITE production is twice the KATE- JVILIVUl value, the  
a v e r a g e  concentrat ion of 9 0 ~ r  and 1 3 7 ~ s  i n  Enewetak Atoll cop ra  
would b e: 

Average  Concentrat ion - pCi/kg 

The  impor t an t  f a c t o r s  i n  copra  production and process ing  m a y  b e  
s ta ted  br ief ly .  In the  Marsha l l  Is lands,  coconuts y..i'nich take  about 
a year to  m a t u r e  a re  ha rves t ed  and the m e a t  ex t r ac t ed  f ro ln  the 
she l l  and husk. P i s c e s  of coconut a r e  s u n  d r i ed  (or  d r i ed  in  ovens)  
and  s to red  under  cove r  unti l  picked up by a  cop ra  boat that  v i s i t s  
e a c h  i s land  o r  a to l l  s e v e r a l  t i m e s  a yea r .  F r e s h  coconut m e a t  i s  
about  50 percent  wa te r ,  30-40 percent  oil ,  and 10-ZG percent  copra  m e a l  
by weight. The copra  cons i s t s  of the  f rac t ion  tha t  is  o i l  and. meal .  

F o r  process ing ,  cop ra  i s  washed and run  through a  p r e s s  which 
e x t r a c t s  the o i l  l e a \ ing  a res idue  which i s  cop ra  meal .  The  oi l  which 
is  used  i n  foods and cosme t i c s ,  has  a  v e r y  low m i n e r a l  content and 
v e r y  low l eve l s  of radioactivity.  The r ad ioac t i t i t y  ends up i n  the cop ra  
m e a l  which contains  abcut  20 pe rcen t  p ro te in  acd  5 pe rcen t  oil.  The 
m e a l  i s  a  good quali ty ani-ha1 feed and m a y  be used  f o r  d a i r y  cows. 

As f o r  consider ing the acceptabi l i ty  of Enewetak cop ra  a s  a n  i t e m  of 
expor t  f r o m  the a tol l ,  the  Eureau  of Radiological  Health,  Food and 
Drug Adminis t rz t ion  ( F D A )  h a s  recent ly  published radionucl ide con- 
cen t ra t ions  f o r  u s e  a s  guides appl icable  to foods. (See Radiation 
Data and Repor t s ,  Vol. 15,  No. 10 ,  October  1974.)  U s i ~ g  a n  a s s u m e d  
a v e r a g e  food consumption r a t e  of 1 .71 k g / d a y  and the F e d e r a i  Radiation 
Council Radiatioil Pro tec t ion  Guides (RPG ' s ) ,  the  following guidance 
was der ived:  



Range I Range I1 Range LTI 

I (pCi/kg) (pCi /kg) (pCi/kg) 
t 

Types of Action 
recommended:  Periodic  con- Quantitative Evaluation and 

f i rma to ry  surveillarlce - additional con-  
survei l lance routine control  t r o l s  a s  n e c e s s a r y  

I FDA u s e s  these  guides to evaluate radioactivity i n  cer ta in  indicator 
foods impor ted  into the U. S. Analysis of samples  of imported foods 
collected i n  the U. S. i n  1973 gave the following rc su l t s :  

I RADIONUCLIDE CONTENT O F  IMPORTED 

FOODS 

F i s h  
Cheese 
Coffee 
Tea 
Cocoa 
Cashew nuts 

Al l  of the impor ted  i t e m s  except f i sh  had some sa in  l e s  with radio-  1 act ivi ty  leve ls  into Range II of the FDA nuides f o r  9 Sr.  Tea showed 
samples  into Range II f o r  both 9 0 ~ r  a n d q 3 7 ~ s .  The es t imates  of 
a v e r a g e  concentrat ions f o r  Enewetak copra fall  into Range I1 f o r  
90Sr and 1 3 7 ~ s  which, according to :he FD.4 c r i t e r i a  a s  used with 
U. S. impor t s ,  would requi re  that levels  of r a d i o z c t i ~ i t y  be  measured  
i n  a quantitative may with routine control.  Levels falling into Range LII 
would r e q u i r e  a n  evaluation a s  recommended by EPA. 

':'ND-Not detectable,  



Regarding the question of permit t ing fishing i n  a l l  of the Izgoon, 
seafocd a t  Enewetak P-toll i s  anzofig t5e lowest of a l l  contributors to 
radiat ion dose  to people l i ~ i n g  in  the atoll. The doses  to people, both 
annual and f o r  longe,r t imes out to 70 y e a r s ,  a r e  presented i n  the 
DEIS. The dose  es t imates  include contribut5on f r o m  both plutonium 
and s tront ium corning through the seafood pathway and thus a r e  
d i rec t ly  related to the radioactivity i n  the lagoon bottom sediments .  
The  A E C  Task  Group did not feel  that  i t  would be productive to t r y  
t o  do a detailed evaluation of a l l  possible combinations of remedia l  
actions and res t r ic t ions .  The Group directed i t s  effor ts  toward what 
w a s  considered a reasonable number of options for  exposure reductiofi 
and control  that  presented aci5ons against  the p r i m a r y  pathways f o r  
radionuclides giving the  mos t  dose to man. These  zctions ranged a l l  
the way f r o m  recommending no r e t u r n  to the atoll ,  which w o d d  
have  a s e v e r e  impact  on the people, to complex and costly actions 
requir ing removal  and replacement  of contaminated soil. E R D A  staff 
bel ieve that  i f  t he re  a r e  actions c r  res t r ic t ions  that will minimize 
exposures  o ther  than those recommended,  the amount of dose  saved 
would be  ve ry  small.. 

Regarding the ban on coconut c r a b s  and actually sanlpling c r a b s  i n  
the nor thern  is lands,  a n  e f fo r t  was made  to sample coconut c r a b s  
throughout the atoll. Samples  w e r e  found only on the is lands of 
BRUCE, GLENN, JAMES, I<EITH, and LEROY. S e e  page 543,  
NVO-140. Coconut c r a b s  could b e  found only on these  southern is lands.  

Regarding heal th  physics support f o r  c l e a ~ u p ,  this i s  covered in Task 
Group recormnendation 7a, page 27, P a r t  B, Vol. 11, of the DEIS. 







UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT frDMINISTRATION 
WASHINGTON, D.C. 20545 

A p r i l  4,  1975 

Major General W. E. Shedd, USA 
Deputy Di rec to r  f o r  Operat ions 

and Administrat ion 
Defense Nuclear Agency 
Washington, D.  C .  20305 

Dear General Shedd: 

I n  response t o  your r eques t  of February 28, 1975, enclosed herewith 
i s  ERDA's d e t a i l e d  response t o  t h e  comments of t he  People of Enewetak 
concerning t h e  Dra f t  Environmental Impact S t a t anen t  f o r  t h e  Cleanup, 
R e h a b i l i t a t i o n  and Reset t lement  of Enewetak - Marshal l  I s l a n d s .  I 
nnderstand t h a t  D r .  Bruce Wachholz, of my s t a f f ,  and M r .  Ea r l  Eagles ,  
of your s t a f f ,  have been i n  r e g u l a r  communication regard ing  t h i s  e f f o r t .  

We do n o t  f e e l  t h a t  impact s ta tements  a r e  t h e  proper forum i n  which 
t o  conduct t h e  r e s o l u t i o n  of s c i e n t i f i c  i s s u e s .  We b e l i e v e  t h a t  t h e  
National  Environmental Poli 'cy Act (NEPA) r e q u i r e s  t h a t  judgments be 
made on t h e  b a s i s  of t h e  b e s t  s c i e n t i f i c  informsation a v a i l a b l e .  The 

1 
b a s i s  of t h a t  information i s  gene ra l ly  t h e  s c i e n t i f i c  l i t e r a t u r e .  
The i s s u e s  r a i s e d  by M r .  M i t c h e l l  v i a  h i s  appendices have never been 
publ ished i n  s c i e n t i f i c  journa ls  o r  presented  a t  s c i e n t i f i c  meetings. 
While NEPA r e q u i r e s  cons ide ra t ion  of responsib1,e opposing p o i n t s  of 
view, we do no t  b e l i e v e  t h a t  i t  r e q u i r e s  t h a t  every proposed theory  
be addressed v i a  impact s ta tements ,  nor t h a t  they  should become v e h i c l e s  
fo r  t h e  d isseminat ion  of op in ion  o u t s i d e  of t h e  s c i e n t i f i c  peer review 
processes .  

Never the less ,  we have provided comments address ing  t h e  i s s u e s  r a i s e d  
by M r .  Mi t che l l  and by Drs. M a r t e l l ,  Geesaman and Tamplin. Responses 
t o  t h e  l a t t e r  two have previous ly  been publ ished and you might p r e f e r  
t o  r e f e rence  them r a t h e r  than inc lude  them i n  your F i n a l  Statement .  
The response t o  D r .  M a r t e l l  p r ev ious ly  has no t  been publ ished s i n c e  
h i s  theory  a s  descr ibed  i n  Appendix I1 has been a v a i l a b l e  f o r  only a  
s h o r t  per iod of time. You w i l l  n o t e  t h a t  t h i s  response i s  an extremely 
d e t a i l e d  a n a l y s i s  of D r .    art ell's theory.  Even though we do Aot f e e l  
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t h a t  an impact s ta tement  is  t h e  proper  forum f o r  d i s c u s s i o n  of  t h e s e  
i s s u e s ,  we have provided t h i s  d e t a i l  s i n c e  M r .  M i t c h e l l  has  on s e v e r a l  
occasions r eques t ed ,  both v e r b a l l y  and i n  w r i t i n g ,  a  f u l l  and d e t a i l e d  
r e p l y  t o  D r .  M a r t e l l .  I f  t h i s  response  t o  D r .  M a r t e l l  i s  used,  we 
s t r o n g l y  urge  you t o  i nc lude  i t  i n  i t s  e n t i r e t y ;  i f  t h i s  response  t o  
D r .  M a r t e l l  i s  no t  used we would a p p r e c i a t e  i t s  r e t u r n .  However, we 
feel t h a t  i t  would be de t r imen ta l  and perhaps lead  t o  erroneous con- 
c l u s i o n s  i f  i t  were e d i t e d  o r  fragmented. 

Our response  t o  M r .  M i t c h e l l ' s  l e t t e r  i s  provideld f o r  your use a s  you 
t h i n k  app rop r i a t e .  

We a p p r e c i a t e  t b ~  oppor tun i ty  t o  be o f  a s s i s t a n c e  t o  you and hope t h a t  
our  responses  w i l l  be h e l p f u l  i n  r e s o l v i n g  t h e  i s s u e s  and i n  a l lowing  
t h e  cleanup of t h e  A t o l l  t o  proceed. 

S i n c e r e l y ,  

u s s i s t a n t  Adminis t ra tor  
f o r  Environment and S a f e t y  





Comments on the  Submission of t he  
People of Enewetak Concerning the Draft  Environmental 

Impact Statement f o r  the  Cleanup, R e h a b i l i t a t i o n  
and Resett1,cment of Enewetak - Marshall  I s l a n d s  

Page 1, l i n e s  1-2-22 - "It i s  d i f f i c u l t  enough f o r  the layman t o  
c o q r e h e n d  what the expe r t s  i n  the  va r ious  r a d i o l o g i c a l  sc ience  f i e l d s  
a r e  say ing  about  t h e  e f f e c t s  of r a d i o a c t i v i t y ,  bu t  t h a t  d i f f i c u l t y  i s  
compounded many times over t he  d i f f e r e n c e s  of opinion found among t h e  
e x p e r t s ,  by the  r e a l i z a t i o n  t h a t  even the  e x p e r t s  agree  t h a t  the  long 
term e f f e c t s  of some of t he  more dangerous r ad ionuc l ides  a r e  n o t  known 
by anyone a t  t h i s  time and may n o t  become known f o r  many yea r s  t o  come, 
and i t  i s  u n s e t t l i n g  t o  l e a r n  t h a t  the  s tandards  used f o r  t h e  kinds and 
amounts of  r ad ionuc l ides  t o  be t o l e r a t e d  i n  t h e  environment and i n  man a r e  
c r i t i c i z e d  by r e p u t a b l e  e x p e r t s  a s  u n r e l i a b l e  and inadequate ly  conserva t ive ."  

Comments: 'While Drs. M a r t e l l ,  Geesaman, Tamplin and Cochran have -- 

expressed s t rong  opin ions  regard ing  plutonium, they  a r e  n o t  recognized a s  

e x p e r t s  i n  plutonium by the  n a t i o n a l  and i n t e r n a t i o n a l  s c i e n t i f i c  community. 

Assessment of t h e  hazards of r a d i o a c t i v i t y  and t h e  recommendation of 

s t anda rds  a r e  methodical ly  and c o n t i n u a l l y  reviewed by persons most know- 

ledgeable  and experienced i n  eva lua t ing  the  a v a i l a b l e  r e l e v a n t  da t a .  This 

i s  t r u e  both f o r  n a t i o n a l  bodies  such a s  the  National  Council  on Radia t ion  

P r o t e c t i o n  and Measurements (NCRP) and the  Nat iona l  Academy of  Sciences (NAS), 

and f o r  i n t e r n a t i o n a l  bodies  such a s  t he  I n t e r n a t i o n a l  Commission on 

Radio logica l  P r o t e c t i o n  (ICRP) and t h e  United Nations S c i e n t i f i c  Committee 

on the  E f f e c t s  of  Atomic Radiat ion (UNSCEAR). None of  the  "experts"  

r e f e r r e d  t o  have been o r  a r e  members of any of t hese  bodies ,  nor have t h e i r  

t h e o r i e s ,  a s  descr ibed  i n  t h e  au tho r ' s*  submission, been presented  through 

t h e  normal channels  of s c i e n t i f i c  communication. I n  c o n t r a s t ,  those 

i n d i v i d u a l s  i n  t h i s  count ry  and abroad who a r e  recognized a s  e x p e r t s  

*"Authorf' h e r e i n  r e f e r s  t o  M r .  Mi t che l l .  



because of their published research on plutonium and their analyses of 

the hazards of plutonium have regularly been members of or advisors to 

such bodies. These bodies have consistently adopted a conservative philo- 

sophy regarding recommendations. Reputable scientists consistently have 

taken a conservative, scientific and unemotional approach to matters 

of radiation protection. Since these recommendations and resulting 

standards are inherently conservative, the term "inadequately conservative" 

becomes a relative one which essentially questions "How conservative is 

conservative?". One can be conservative to the point where standards 

are meaningless . 
Pape 2, lines 12-15 - "And it is in the assessment and, if possible, 

elimination of the radiobiological health risk that they are the most 
dependent upon the United States government." 

Comments: Based upon the hypothesis of a linear relation 

ship between exposure and effect, the total elimination of any radiobiological 

health risk at Enewetak is an unrealistic objective which cannot be 

attained. Some exposure and therefore the possibility of some risk 

must be accepted if the people are to return. This risk, however, is 

expected to be very small. 

Page 2, lines 15-19 - "The Defense Nuclear Agency and the Atomic 
Energy Commission nave already devoted great amounts of time and money 
to assessment and remedy of radiological problems presented by this 
program, but more will have to be done and it will have to be done 
over a long period of time." 

Comments: The author is aware that the Energy Research and 

Development Administration (ERDA) anticipates continued selected radio- 

logical monitoring of both the Enewetak environment and the people; it 



i s  planned t o  fund these  and o t h e r  r e l a t e d  programs i n  excess  

of $2 m i l l i o n  during f i s c a l  yea r  1976. 

Page 3 ,  l i n e s  11-14 - "It i s  a n  abso lu t e  kind of r e s p o n s i b i l i t y  t o  
both r e t u r n  t h e  people t o  t h e i r  home and e l i m i n a t e  t h e  l i k e l i h o o d  of s o  
much a s  a  s i n g l e  r a d i a t i o n  induced i l l n e s s  o r  anonlaly." 

Comments: This  o b j e c t i v e ,  whi le  commendable, can never be assured .  

While no a b s o l u t e  assurance  can  be g iven ,  t h e  p red ic t ed  exposure l e v e l s  

a r e  cons ide rab ly  below those  i n  which popula t ions  have l i v e d  f o r  c e n t u r i e s .  

No r a d i a t i o n  induced i l l n e s s  o r  anomaly i s  expected a t  t he  p r e d i c t e d  l e v e l s .  

A s  t h e  a u t h o r  i n d i c a t e d ,  t he  e f f e c t s  o f  extremely low l e v e l  r a d i a t i o n  

exposures over  a  long per iod  of time a r e  n o t  known; i t  i s  doub t fu l  t h a t  

t hey  w i l l  e v e r  be known wi th  any degree of accuracy.  I f  t he  r e t u r n  of 

t h e  p e o p 1 e . i ~  d e f e r r e d  u n t i l  a l l  i s  known wi th  t h e  assurance  r eques t ed ,  

i t  may be  some time be fo re  r e l o c a t i o n  can be a f f e c t e d .  

Page 6 ,  l i n e  14 t o  Page 7 ,  l i n e  11 - "The survey of r a d i o l o g i c a l  
cond i t i ons  a t  Enewetak A t o l l  i n  1972 under t h e  ausp ices  of t h e  Atomic 
Energy Commission i s ,  we b e l i e v e  excep t iona l ly  good a s  f a r  a s  i t  goes,  
b u t  we have been advised by capable e x p e r t s  i n  the f i e l d  t h a t  more work 
remains t o  be done and t h a t  t he  q u a l i f i c a t i o n s  of t h e  four-member Task 
Group which superv ised  the  conduct of t he  survey,  t h e  assessment of i t s  
d a t a  and developed f i n a l  recommendations a r e  open t o  ques t ion .  I t  i s  
a l s o  apparent  t h a t  a s  d e t a i l e d  and e l a b o r a t e - a s  t h a t  survey was, follow-up 



ga the r ing  of d a t a  and c a r e f u l  assessment of t h a t  d a t a  is  a b s o l u t e l y  
e s s e n t i a l ,  p a r t i c u l a r l y  wi th  r e s p e c t  t o  t h e  r i s k  t o  h e a l t h  from a l l  
low- leve l ,  l o n g - l i f e  r ad ionuc l ides  and e s p e c i a l l y  t h e  danger posed by 
those  a lpha-emi t t ing  r ad ionuc l ldes  known as  hot  p a r t i c l e s ,  such a s  
Plutonium-239 and Americium-241. 

"We do n o t  wish t o  d e t r a c t  from t h e  q u a l i f i c a t i o n  of t h e  members of 
t h e  Task Group, bu t  i n  a  f i e l d  involv ing  so  many s p e c i a l t i e s  and where 
equa l ly  exper t  opinions d i f f e r  markedly, it i s  impera t ive  t h a t  t h e  Task 
Group f o r  follow-up s t u d i e s  be enlarged t o  inc lude  s c i e n t i s t s  known t o  
t a k e  t h e  most conse rva t ive  approach t o  r a d i a t i o n  p r o t e c t i o n ,  such a s  
Drs. E. A. M a r t e l l  a t  t h e  Nat iona l  Center  f o r  Atmospheric Research, 
Arthur  R .  Tamplin a t  Lawrence Livermore Laboratory,  and Donald P. Geesaman, 
a t  t h e  Un ive r s i t y  of Minnesota.  Thei r  presence i n  t h e  Task Group, o r  t h e i r  
p a r t i c i p a t i o n  i n  some o t h e r  d i r e c t  way i n  des igning  methods t o  be used f o r  
t h e  ga the r ing  of information and i t s  eva lua t ion  i s  s t r o n g l y  recommended." 

Comments: The "AEC Task Group on Recommendations f o r  Clean-up and 

R e h a b i l i t a t i o n  of  Enewetak Ato l l "  was e s t a b l i s h e d  by t h e  AEC General Manager 

and reques ted  t o  p repa re  recommended c r i t e r i a  and guidance f o r  c lean-up 

and r e h a b i l i t a t i o n  of Enewetak A t o l l  f o r  cons ide ra t ion  by t h e  Commission. 

The thir teen-man Task Group cons i s t ed  of four  u n i t s :  Dra f t i ng  Group ( 4 ) ,  

Headquarters L ia i son  ( 2 ) ,  In te ragency  L ia i son  ( 3 ) ,  and Advisors ( 4 ) .  

Comments and recornendat ions  on d r a f t  r e p o r t s  were obta ined  from t h e  

Environmental P r o t e c t i o n  Agency (EPA), Heal th ,  Education and Welfare (HEW), 

and s e v e r a l  of t he  Nat iona l  Labora to r i e s  and Un ive r s i t y  c o n t r a c t o r s .  Thus, 

t h e  EXDA recommendations r e s t  no t  on ly  on t h e  q u a l i f i c a t i o n s  of  t h e  four-man 

D r a f t i n g  Group, bu t  on t h e  broader base o f - e x p e r t i s e  a v a i l a b l e  t o  ERDA 

from numerous sources .  I n  a d d i t i o n ,  t h e  "four-member Task Group" d i d  no t  

supe rv i se  t h e  conduct of t h e  environmental survey a t  Enewetak A t o l l .  The 

survey was conducted by r e sea rch  s c i e n t i s t s  from Lawrence Livermore 

Labora tory ,  Un ive r s i t y  of  Washington and the  Un ive r s i t y  of Hawaii. 



'While t h e  Task Group made recommendations r ega rd ing  clean-up and 

r e h a b i l i t a t i o n  of t h e  A t o l l  and f o r  l a t e r  follow-up s t u d i e s  and 

surveys t h a t  were approved by t h e  Commission, t h e  Task Group's 

r e s p o n s i b i l i t i e s  ended wi th  t h e  approval  of t h e i r  recommendations. 

Therefore ,  i t  i s  i r r e l e v a n t  t o  cons ider  e n l a r g i n g  t h e  Task Group. 

I n  a d d i t i o n ,  any new t a s k  group would have no a d d i t i o n a l  r e s u l t s  t o  

eva lua t e  a t  t h i s  t ime,  o r  f o r  perhaps years  t o  come. It should a l s o  

be  noted t h a t  t h e  recommendations of  t h e  Task Group a r e  lower,  and 

t h e r e f o r e  more conse rva t ive ,  than  t h e  maximum exposu:re l i m i t s  recommended by 

n a t i o n a l  and i n t e r n a t i o n a l  bodies .  

Plutonium-239 and Americium-241 a r e  n o t  known a s  "hot p a r t i c l e s " ,  

bu t  a r e  two o f  many r a d i o i s o t o p e s  which can be aggregated under c e r t a i n  

cond i t i ons  t o  form such p a r t i c l e s .  "Hot p a r t i c l e "  i:; a  term def ined  

by some (Na tu ra l  Resources Defense Counci l)  a s  a  p a r . t i c l e  wi th  a  minimum 

o f  0.07 pCi of  long h a l f - l i v e d  a lpha -emi t t i ng  r ad io i , so topes ,  and which 

i s  i n s o l u b l e  i n  lung t i s s u e .  

Whether o r  no t  t h e  a u t h o r ' s  adv i so r s  a r e  "capable expe r t s  i n  t h e  

f i e l d , "  "equal ly  exper t , "  e t c .  i s  t h e  a u t h o r ' s  op in ion .  Thus f a r  they  

have n o t  rece ived  support  from t h e  s c i e n t i f i c  community a t  l a r g e .  Fu r the r -  

more, t h e  p a r t i c i p a t i o n  of  t hose  wi th  extremely conse rva t ive  phi losophies  

may l ead  t o  d e c i s i o n s  based on no e f f e c t i v e  s t anda rds .  Resolu t ion  o f  

s c i e n t i f i c  i s s u e s  and d i f f e r i n g  ph i lo soph ie s  should be conducted through 

normal s c i e n t i f i c  channels  r a t h e r  than  on a  day-to-day b a s i s  a t  Enewetak. 



Page 7 ,  l i n e s  12-16 - "The 1972 r a d i o l o g i c a l  survey (NVO-140) must 
b e  regarded a s  an impressive beginning of long-range r a d i o l o g i c a l  a s s e s s -  
ment and monitor ing of t h e  Enewetak environment w i th  a p p r o p r i a t e  emphasis 
placed upon no t  only t h e  marine and t e r r e s t r i a l  e n v i r o m e n t s  b u t  upon 
t h e  r ad ionuc l ide  pathways t o  man." 

Comments: NVO-140 i s  t h e  most comprehensive r a d i o l o g i c a l  assessment 

and monitor ing ever  c a r r i e d  out  on a  marine and t e r r e s t r i a l  environment. 

The r e s u l t s  of t h e  Enewetak R a d i o l ~ g i c ~ ~ l  Survey, except  f o r  minor a r e a s  

i d e n t i f i e d  i n  t h e  ERDA Task Group Report (sampling of water  l enses  and 

a i r  over longer  pe r iods  of t i m e ) ,  were found t o  be an excep t iona l ly  

complete d a t a  base  f o r  t h e  purpose of e v a l u a t i n g  cond i t i ons  and f o r  

making d e c i s i o n s  on clean-up and r e h a b i l i t a t i o n .  Twelve month s t u d i e s  of l e n s  

water  and a i r  sampling a r e  a l r e a d y  i n  p rog res s .  No a d d i t i o n a l  r a d i o l o g i c a l  

studies o t h e r  than  those  i d e n t i f i e d  in this document are warrented o r  planned 

p r i o r  t o  t h e  s t a r t  o f  c lean-up ope ra t ions .  

It should a l s o  be noted t h a t  t h e  Survey n o t  on ly  considered but  

focused on r ad ionuc l ide  pathways t o  man, Various d i e t s  and q u a n t i t i e s  

o f  i nges t ed  foods were considered i n  d e r i v i n g  p o t e n t i a l  r a d i a t i o n  exposure 

v i a  t h e s e  r o u t e s ;  exposure v i a  i n h a l a t i o n  was a l s o  es t imated .  

Page 6 ,  l i n e s  16-18 - "As we s h a l l  d i s c u s s  more f u l l y  below, more 
information i s  needed about t h e  presence  of ho t  p a r t i c l e s . "  

Comments: The evidence t o  d a t e  does n o t  suppor t  t h e  p o s i t i o n  taken  

by those  who advocate  t h e  hypotheses r ega rd ing  hot  p a r t i c l e s .  (See comments 

on NRDC, D r .  Geesaman and D r .  M a r t e l l . )  



Page 7 ,  l i n e s  18-20 - "The long range  e f f e c t s  of Strontium-90 and 
Cesium-137 and o t h e r  n u c l i d e s  i n  t h e  food web cannot be known wi thout  
experimental  p l an t ing . "  

C m e n t s :  Conservat ive e s t ima te s  can and have been made on t h e  

b a s i s  of  a cons ide rab le  body of in format ion  a v a i l a b l e .  We ag ree ,  however, 

t h a t  t h e  f u l l  s i g n i f i c a n c e  of s t ront ium-90,  cesium-137 and o t h e r  nuc l ides  

i n  t h e  s p e c i f i c  food web a t  Enewetak cannot be p r e c i s e l y  eva lua ted  without  

experimental  p l an t ing .  For t h i s  reason  ERDA has  a l r eady  funded and i n i t i a t e d  

a  r e s e a r c h  e f f o r t  t o  s tudy  t h e  uptake of va r ious  r .ad ionucl ides  i n  s eed l ings  

and p l a n t i n g s  on t h e  i s l a n d  of Enjebi  where conse rva t ive  assumptions 

i n d i c a t e  t h a t  recommended l e v e l s  of exposure might be exceeded, thereby  

p reven t ing  t h e  immediate r e t u r n  of  t h e  people t o  t h e  i s l a n d .  Although 

a p p l i c a b l e  t o  gene ra l  cons ide ra t ions ,  t h i s  e f f o r t  i s  p r i n c i p a l l y  d i r e c t e d  

a t  t h e  s p e c i f i c  ques t ion  of i f  and when t h e  Enjebi  people might be permi t ted  

t o  r e t u r n  t o  t h a t  i s l a n d .  

Page 7 ,  l i n e s  21-26 - "And a s  t ime goes on,  sc: ient i f ic  knowledge of 
t h e  n a t u r e  and e f f e c t  of r a d i o a c t i v i t y  i s  bound t o  improve and new techniques 
f o r  remedial  measures w i l l  be  found. -These  s c i e n t i f i c  advancements w i l l  
be l o s t  t o  t h e  Enewetak people un le s s  t h e  United S t a t e s  government assumes 
a  long-range commitment of t h e  kind we sugges t  here."  

Comments: A n t i c i p a t i o n  of t h e  development £01: s t a r t l i n g l y  new 

remedial  measures t o  coun te rac t  t h e  e f f e c t s  of r a d i a t i o n  does no t  appear 

r e a l i s t i c  i n  t h i s  s i t u a t i o n  s i n c e  t h o s e  techniques  which a r e  a v a i l a b l e  

have l i m i t e d  use fu lnes s  f o r  s p e c i f i c  s i t u a t i o n s ,  and a t  t h e  extremely 

low l e v e l s  of exposure considered h e r e  t h e r e  i s  no way of de te rmining  t h e  

e f f e c t i v e n e s s  of any such technique ,  nor  i s  any need f o r  same a n t i c i p a t e d  

f o r  t h i s  popula t ion ,  H i s t o r i c a l l y ,  t h e  U.  S. Gove1:nment has  had a long- 

term commitment t o  t h e  we l f a re  of t h e  Marsha l lese  people.  Th i s  concern 

i s  expected t o  cont inue.  



Pages 8-11 - The Hot P a r t i c l e  Problem - The comments of NRDC, 
Geesaman and M a r t e l l  a r e  addressed s e p a r a t e l y  fol lowing t h e i r  r e s p e c t i v e  
comment s  . 

Page 8 ,  l i n e s  12-17 - "For a  d i scuss ion  of t h e  se r iousness  t h e  hot  
p a r t i c l e s  problem we a t t a c h  a s  Appendix 11, E.  A .  M a r t e l l ,  "Basic 
Cons idera t ions  i n  t h e  Assessment of t h e  Cancer Risks and Standards 
f o r  I n t e r n a l  Alpha Emi t t e r s , "  (Statement presented  a t  t h e  pub l i c  hear ings  
on plutonium s t anda rds  sponsored by t h e  United S t a t e s  Environmental 
P r o t e c t i o n  Agency, Denver, Colorado, January  10 ,  1975) . I 1  

Comments: D r .  m art ell's conclusions a r e  reached independent of 

those  ~110 advocate  t h e  "hot p a r t i c l e "  hypothes is .  Although he reaches 

t h e  conclusion t h a t  s t anda rds  should be reduced,  t h e  l o g i c  by which he 

j u s t i f i e s  h i s  p o s i t i o n  cannot be considered a s  evidence f o r  t h e  "hot 

p a r t i c l e "  argument a s  advanced by D r s .  Geesaman, Tamplin and Cochran 

(see  arte ell's comments, page 8 ) .  The hot  p a r t i c l e  a s  p rev ious ly  def ined  

i s  not  synonymous wi th  t h e  hot  p a r t i c l e  as  used by M a r t e l l .  

Page 8 ,  l i n e s  25-27 - "It is  h igh ly  l i k e l y  t h a t  i n h a l a t i o n  of very 
smal l  amounts of plutonium gives  r i s e  t o  a  h igh  r i s k  of  lung cancer." 

Comments: There i s  no ques t ion  t h a t  i n h a l a t i o n  of r e l a t i v e l y  l a r g e  

q u a n t i t i e s  of  plutonium w i l l  l ead  t o  lung cancer .  It i s  n o t  c l e a r  what 

i s  meant by "very smal l  amounts . I 1  

Page 8 ,  l i n e  27 t o  Page 9 ,  l i n e  2 - "And t h e  DEIS  completely f a i l s  
t o  address  t h e  r e c e n t  f i nd ings  of M a r t e l l  and o t h e r s  t h a t  h o t  p a r t i c l e s  
may very  we l l  be  a c a u s a t i v e  f a c t o r  i n  a  number of o t h e r  d i so rde r s . "  

Comments: The ". . . r ecen t  f i nd ings  of M a r t e l l . .  . I 1  were presented  

a t  p u b l i c  hea r ings  i n  Denver, Colorado, on January  10 ,  1975, a s  s t a t e d  

on page 8 ,  l i n e s  15-17, and were appended a s  Appendix 11. These 

" . . . f indings of  Mar te l l . . . "  a r e  reviewed s e p a r a t e l y  ( s e e  "Comments on 

Appendix 11: 'Basic  Cons idera t ions  i n  t h e  Assessment of  t h e  Cancer Risks 



and Standards  f o r  I n t e r n a l  Alpha Emi t te rs" ' ) .  

Page 9 ,  l i n e s  12-16 - "In a d d i t i o n ,  t h e  2 G 1 ~ m  concen t r a t ions  range 
up t o  8.2 pCi/g averaged over t h e  top  15 cm depth of s o i l s ,  wi th  2 4 1 A m / 2 3 9 ~ ~  
r a t i o s  vary ing  widely and ranging  up t o  3.5 (NVO-140, Vol. 1, p. 507)." 

Comments: The Survey does r e p o r t  (page 507) t h a t  r a t i o s  of a c t i v i t i e s  

of Am-241-to-Pu-239, 240 i n  Enewetak s o i l  range up t o  3.5. However, i t  

goes on t o  i n d i c a t e  t h a t  t h e  h ighes t  r a t i o s  a r e  f o r  those  i s l a n d s  which 

have t h e  lowest  a b s o l u t e  amounts of Am-241 and Pu-2.39. I n  a communication 

w i t h  D. W. Wilson, au thor  of t h i s  s e c t i o n ,  he explained t h a t  t h e  h igh  

r a t i o s  r e s u l t  from comparing two numbers which a r e  rhemselves small  and 

nea r  t h e  l i m i t - o f - d e t e c t i o n ;  consequent ly,  t h e  3.5 va lue  i s  no t  s i g n i f i c a n t .  

( A l l  r a t i o s  g r e a t e r  than  1.0, moreover, were c a l c u l a t e d  f o r  samples taken 

from t h e  southern  i s l a n d s  of t h e  Ato l l . )  The more meaningful r a t i o s  

a r e  l i s t e d  i n  Table  14, page 98, of  t h e  Survey. Those r a t i o s  a r e  f o r  

t h e  n o r t h e r n  i s l a n d s  and they  average about  0.40 wit:h t h e  l a r g e s t  being 

Page 9 ,  l i n e s  16-18 - "Due t o  f u r t h e r  r a d i o a c t i v e  decay of 2 4 1 ~ u ,  
t h e  241~rn a c t i v i t y  concen t r a t ions  can be expected t o  double over  t h e  next: 
50 years." 

Comments: We ag ree  t h a t  t h e  amount o f  241Am w i l l  i n c r e a s e  from t h e  

decay of  t h e  pa ren t  nuc l ide  241~u. The maximum 2 4 1 ~ m  a c t i v i t y  which can 

- r e s u l t  from t h e  decay of  241pu i s  2.6% o f  t h e  i n i t i a l  241~u  a c t i v i t y .  

Th i s  maximum 241~rn l e v e l  i s  reached i n  69.6 yea r s ;  a f t e r  17 years  65% 

of  t h e  maximum 241Am a c t i v i t y  i s  p re sen t  and a t  20 years  71% i s  p re sen t .  

The t ime s i n c e  most of t h e  t e s t s  a t  Enewetak i s  about 20 years .  On 

t h i s  b a s i s  a lone  t h e  241~m l e v e l s  a t  Enewetak w i l l  i n c r e a s e  by l e s s  

t han  50% above p re sen t  l e v e l s .  



Page 9 ,  l i n e s  21-22 - "The DEIS l i m i t s  c o n s i d e r a t i o n  of  239+24OPu 
t o  i n h a l a t i o n  r i s k s  . I '  

C m e n t s :  The s ta tement  i s  i n  e r r o r .  The DEIS inc ludes  a l s o  doses 

t o  va r ious  organs r e s u l t i n g  from t h e  i n g e s t i o n  of 2 3 9 y 2 4 0 ~ ~  v i a  food 

chains.  See,  f o r  example, Table 235, p. 11-48, Vol. I1 f o r  i n t e g r a l  

doses from t h e  marine food cha in ;  Table 239, pp. 11-53 t o  11-55, Vol. I1 

f o r  dosage from i n g e s t i o n  of t e r r e s t r i a l  foods assuming d i e t  a t  t h e  t ime 

of  r e t u r n  f o r  each of  t h e  i s l a n d  groups; Table  240, pp. 11-56 t o  11-58, 

Vol. I1 f o r  dosage from i n g e s t i o n  of t e r r e s t r i a l  foods assuming a  10-year 

pos t  r e t u r n  d i e t  f o r  each of t h e  i s l a n d  groups. The c r i t i c a l  organ (bone) 

dose r e s u l t i n g  from t h e  i n g e s t i o n  of 239 9 2 4 0 ~ ~  i s  i n s i g n i f i c a n t  when 

compared t o  t h e  dose from a l l  o t h e r  r ad ionuc l ides .  

Es t imates  of doses f o r  r e s i d e n t s  of Enewetak A t o l l  f o r  va r ious  

l i v i n g  and d i e t a r y  p a t t e r n s  presented  i n  :he Enewetak Rad io log ica l  Survey 

Report ,  NVO-140 and i n  t h e  Task Group Report considered t h e  c r i t i c a l  organ 

f o r  t h e  most s e n s i t i v e  segment o f  t h e  popula t ion  and a l l  pathways and 

a l l  s i g n i f i c a n t  c o n t r i b u t o r s  ( r ad ionuc l ides )  t o  t h i s  exposure.* 

Page 9 ,  l i n e s  22-25 - "However s i g n i f i c a n t  uptake of Pu from t h e  
g a s t r o i n t e s t i n a l  t r a c t  has been observed i n  young mammals and s i m i l a r  
uptake may occur  i n  young ch i ld ren . "  

Comments: Th i s  s ta tement  i s  p a r t i a l l y  c o r r e c t .  Absorption of 

plutonium from t h e  g a s t r o i n t e s t i n a l  t r a c t  i s  a s  much a s  100 t imes g r e a t e r  

*Dose assessments  were made f o r  t h e  f e t u s ,  t h e  newborn, c h i l d r e n  and 
a d u l t s ,  us ing  exposure l e v e l s  i n  t h e  h i g h e s t  year p red ic t ed .  Because 
of t h e  extremely small  (<0.001%) c o n t r i b u t i o n  t o  t h e  bone dose due t o  
plutonium, t h e  t r a n s u r a n i c  elements were n o t  included i n  t h i s  age- 
r e l a t e d  assessment.  



i n  t h e  newborn r a t  than  i n  t h e  a d u l t .  A s i m i l a r  e f f e c t  o f  enhanced 

abso rp t ion  of  normally non-absorbed substances i s  observed i n  t h e  newborn 

of  o t h e r  animal spec i e s .  I f  such an e f f e c t  occurs  i n  t h e  human i n f a n t ,  

i t  w i l l  probably p e r s i s t  f o r  on ly  a  few days fol lowing b i r t h .  However, 

t h e  predominantly mi lk  d i e t  consumed dur ing  t h i s  per iod  i s  a  very  poor 

source  of  t r a n s u r a n i c  elements.  

There i s  no i n d i c a t i o n  t h a t  4 s i m i l a r  increased  uptake would occur  

i n  young c h i l d r e n .  

S p e c i a l  c a l c u l a t i o n s  o f  dose r e s u l t i n g  from inges ted  plutonium have 

n o t  been made f o r  t h e  i n f a n t  o r  c h i l d .  The a v a i l a b l e  d a t a  on metabol ic  

behavior  of  t h e  t r a n s u r a n i c  elements i n  t h e  i n f a n t  and c h i l d  i n d i c a t e  

t h a t  no s i g n i f i c a n t  underes t imate  of hazard w i l l  r e s u l t  from cons ider ing  

t h e  t o t a l  popula t ion  a s  a d u l t s .  

Because of t h e  very  long r e t e n t i o n  of t r a n s u r a n i c  elements i n  man, 

most of  t h e  r a d i a t i o n  dose depos i ted  i n  i n f a n t s  o r  c h i l d r e n  fo l lowing  

i n g e s t i o n  w i l l  be  d e l i v e r e d  when t h e  c h i l d  has grown t o  a  much l a r g e r  s i z e .  

The r ad ionuc l ide  i s  no t  on ly  d i l u t e d  by t h i s  growth process ,  b u t ,  i n  t h e  

important  i n s t a n c e  of  bone, i s  bur ied  under new bone growth and i t s  a lpha  

p a r t i c l e s  l a r g e l y  sh i e lded  from t h e  r ad iosGns i t i ve  c :e l l s  on t h e  bone 

su r f ace .  Thus, t h e  sma l l e r  i n t a k e  of r ad ionuc l ides  by t h e  i n f a n t  o r  

c h i l d  r e s u l t s ,  over t h e  l i f e  span,  i n  a  very  much snlal ler  r a d i o b i o l o g i c a l l y  

s i g n i f i c a n t  dose than  t h e  metabol ic  models p r e d i c t  u s ing  a d u l t  i n t a k e  

parameters .  



Page 9 ,  l i n e  25 t o  Page 10 ,  l i n e  14 - "In  a d d i t i o n  the  uptake of 
americium i n  s o i l s  by vege ta t ion  i s  s u b s t a n t i a l l y  h igher  than  plutonium 
uptake. S i m i l a r i y  americium i s  r e a d i l y  taken up from t h e  g a s t r o i n t e s t i n a l  
t r a c t  and accumulated i n  t h e  l i v e r ,  sp leen  and bone of marmnals, and thus  
undoubtedly i n  maa. 

"Based on t h e s e  cons ide ra t ions  it i s  p o s s i b l e  t h a t  uptake of americium 
i n  t h e  food cha in  and i t s  accumulation i n  t h e  l i v e r  and s k e l e t a l  t i s s u e  of  
man may be t h e  c r i t i c a l  pa th  f o r  exposure t o  i n t e r n a l  alpha e m i t t e r s  i n  
t h e  Enewetak A t o l l  a r e a .  The r a d i o l o g i c a l  survey i s  s e r i o u s l y  inadequate  
w i th  r e s p e c t  t o  americium d i s t r i b u t i o n  i n  both vege ta t ion  and i n  e d i b l e  
marine l i f e  t o  a s s e s s  t h e  consequent body burdens and h e a l t h  consequences 
t o  f u t u r e  a t o l l  inhabi . tan ts  . I 1  

Comments: We ag ree  t h a t  241Am might c o n t r i b u t e  more t o  t h e  a lpha  

dose from i n g e s t i o n  than  plutonium. The use o f  241Am d a t a  i n  t h e  inges t ion  

dose eva lua t ions  f o r  Enewetak A t o l l  i n  "Enewetak Radio logica l  Survey," 

NVO-140, 1973, a r e  a s  fol lows:  

Marine Food Chain - 241Am d a t a  were included i n  t h e  dose assessment.  

2 4 1 ~ m  was non-detected i n  most of  t h e  f i s h  samples analyzed. I n  such 

cases  t h e  va lue  used f o r  assessment was t h e  d e t e c t i o n  l i m i t  (<0.03 ~ ~ i / g  wet ) .  

T e r r e s t r i a l  Food Chain - 2 3 9 , 2 4 0 ~ u  was d e t e c t e d  i n  t e r r e s t r i a l  p roducts  

and t h e  r e l a t i v e  s i g n i f i c a n c e  o f  Pu was eva lua ted  f o r  t h i s  pathway. 

2 3 9 ~ 2 4 0 ~ ~  c o n t r i b u t e s  l e s s  than  0.001% of  t h e  bone ( t h e  c r i t i c a l  organ) 

dose v i a  t h i s  pathway. Af t e r  maximum ingrowth of  241Am, t h e  241h 

concen t r a t ion  w i l l  i n c r e a s e  by ~ 5 0 % .  Assuming t h a t  t h e  Am uptake of 

americium i n  s o i l s  by food p l a n t s  i s  an o rde r  of  magnitude g r e a t e r  than  

f o r  plutonium and t h a t  t h e  abso rp t ion  of  Am a c r o s s  t h e  g a s t r o i n t e s t i n a l  

t r a c t  i s  two o r d e r s  of  magnitude g r e a t e r  than  f o r  Pu, t h e  Am c o n t r i b u t i o n  

a t  t h e  time of maximum ingrowth i s  about 1% of  the  t o t a l  i n i t i a l  bone 

dose.  With l a t e r  gene ra t ions  t h e  p ropor t ion  of dose r e s u l t i n g  from 

the  t r a n s u r a n i c  elements w i l l  i n c r e a s e  due t o  a  dec rease  i n  t h e  t o t a l  dose 

r e s u l t i n g  from the  r a d i o a c t i v e  decay of many of t he  f i s s i o n  products .  

A more p r e c i s e  e s t i m a t e  of t h e  r e l a t i v e  i n c r e a s e  i n  2 4 1 ~ m  



l e v e l s  and t h e  p o t e n t i a l  concen t r a t  i ons  of  241Am r e l a t i v e  t o  239, 24OPu 

can be made from d a t a  a v a i l a b l e  i n  "Enewetak Rad io log ica l  Survey," 

NVO-140, 1973 (Ref.  I ) ,  from a r e p o r t  by V. E. Nos'hkin e t  a l . ,  "Trans- 

u r a n i c s  a t  P a c i f i c  A t o l l s ,  1. Concent ra t ions  i n  t h e  Waters a t  Enewetak 

and B i k i n i , "  UCRL-51612, 1974, (Ref.  2 ) ,  and from :nore r e c e n t  d a t a  of 

Noshkin a t  Enewetak A t o l l  (unpublished)  (Ref.  3 ) .  These d a t a  a r e  

considered f o r  s e v e r a l  d i f f e r e n t  compartments a t  Erlewetak A t o l l .  

Water Concent ra t ions  

a. One c r a t e r  and one lagoon sample have been analyzed f o r  bo th  

2 4 1 ~ ~  and 2 3 9 , 2 4 0 ~ ~ .  The 241~u/239 r a t i o s  were 1 . I4  and 

2.56 wi th  a  mean of 1.85 and a  s tandard  d e v i a t i o n  of  1.0. 

Th i s  average r a t i o  has been used t o  e s t i m a t e  t h e  141~u 

a c t i v i t y  i n  o t h e r  compartments. The c a l c u l a t i o n s  have a l s o  

been made us ing  a r a t i o  o f  241~u/239 J ~ ~ ~ P U  of  3.0 which i s  

s l i g h t l y  more than  X + la ( i . e . ,  1.85 + 1 . 'O  = 2.85). 

b. Lagoon s u r f a c e  water  has  an average 239 J 2 4 " ~ u  concen t r a t  ion  

of  39 f C i / l  (Ref. 2, Ref. 1 ) .  Using a r a t i o  o f  1.85 2 4 1 ~ u / 2 3 9 ~ 2 4 0 ~ u  

t h e  241~u a c t i v i t y  i s  72 f ~ i / l .  The r a t i o  o f  241Am t o  239, 24OPu 

i s  0.11 (Ref.  3) ; t h e r e f o r e ,  t h e  2 4 1 ~ m  a c t i v i t y  is  4.3 f C i / l .  

The maximum 241Am a c t i v i t y  which w i l l  resu1.t from decay of  

p r e s e n t  l e v e l s  o f  241~u i s  72 (0.026) = 1.87 f C i / l .  Th i s  i s  

a  43% i n c r e a s e  over p re sen t  241Am a c t i v i t y .  The t o t a l  
241h 

which w i l l  r e s u l t  i s  6.2 f C i / l  which i s  167, of  t h e  239 J*"PU 

a c t i v i t y .  



Plankton 

Concent ra t ions  i n  pCi per  gram wet weight of 241Am and 

2399240~u i n  p lankton  samples a r e  0.23 and 0.39 r e s p e c t i v e l y  

(Ref.  1 ) .  Using t h e  f a c t o r  1.85 f o r  2 4 1 ~ u / 2 3 9 9 2 4 0 ~ ~ 9  t h e  2 4 1 ~ u  

concen t r a t ion  would be 0.72 pCi/g. Maximum growth from t h i s  l e v e l  

of  241~u  w i l l  be  0.72 (0.026) = 0.019 pCi/g. R e l a t i v e  t o  t h e  

p re sen t  2 4 1 ~  l e v e l  of 0.23 pCi/g t h i s  r e p r e s e n t s  a n  8% inc rease .  

The t o t a l  241h is  0.23 + 0.019 = 0.249 pCi/g. R e l a t i v e  t o  t h e  

239 , 2 4 0 ~ u  l e v e l s  t h i s  i s  0.249/0.39 = 0.64 o r  64%. 

However, a  more r e a l i s t i c  s i t u a t i c n  i s  t h a t  t h e  plankton 

w i l l  always r e f l e c t  t h e  same r a t i o  of 241Am t o  239 2 4 0 ~ ~  a s  they  

do t o  t h e  p re sen t  water  concen t r a t ions .  The re fo re ,  t h e  increased  

241~m water  concen t r a t ions  r e s u l t i n g  from t h e  "grow in" from 2 4 1 ~ u  

w i l l  l e ad  t o  2 4 1 ~ m  concen t r a t ions  i n  p lankton  which a r e  85% of 

t h e  239 ,240pu concen t r a t ions .  

F i s h  

The average concen t r a t ion  of 241Am and 2399240~u  i s  0.11 and 

0.25 pCi/g r e s p e c t i v e l y  (Ref.  1 ) .  2 4 1 ~ m  was non-detected i n  most 

f i s h  samples and t h e  va lue  0.11 pCi/g r e p r e s e n t s  t h e  va lue  obta ined  

when t h e  d e t e c t i o n  l i m i t  i s  assumed t o  be a r e a l  concen t r a t ion .  

Again us ing  1.85 a s  t h e  241~u  t o  239 9 2 4 0 ~ ~  r a t i o  t h e  2 4 1 ~ ~  concen- 

t r a t i o n  i s  1.85 (0.25) = 0.46 pCi/g 24lpU 

The maximum 241Am which can grow i n  from t h i s  l e v e l  of  2 4 1 ~ ~  

i s  0.46 (0.026) = 0.012 pCi/g. R e l a t i v e  t o  t h e  p r e s e n t  
241h 

concen t r a t ions  of  0.11 pCl/g t h i s  r e p r e s e n t s  an 11% inc rease .  



The t o t a l  241Am w i l l  be  0.11 + 0.012 = 0.122 pCi/g; compared wi th  

t h e  239~240'P,1 of  0.25 p ~ i / g  t h i s  i s  0.122/0.25 = 0.49 o r  49% of  

t h e  239 y 2 4 0 ~ ~  l e v e l s .  

However, a more r e a l i s t i c  s i t u a t i o n  i s  t h a t  t h e  f i s h  w i l l .  

always r e f l e c t  t h e  same r a t i o  of  2 4 1 ~  t o  2 3 9 ~ 2 4 0 ~ u  a s  t hey  do t o  

t h e  p re sen t  water  concen t r a t ions .  Therefore ,  t h e  increased  241* 

water  concen t r a t ions  r e s u l t i n g  from "grow in" from 241~u w i l l  l ead  

t o  241Am concen t r a t ions  i n  f i s h  which a r e  64% of t h e  239, 24OPu 

concen t r a t ions .  

Sediment Concent ra t ions  and R a t i o s  

The r a t i o  o f  241~m t o  2 3 9 , 2 4 0 ~ ~  i n  lagoon sediments i s  0.37 

and f o r  t h e  c r a t e r s  i f  0.29 (Ref.  1 ) .  These d a t a  w i l l  be  shown t o  

correspond very  w e l l  wi th  r a t i o s  observed i n  t h e  s o i l .  The 241Am 

and 2 239 y240~u concen t r a t ions  a r e  172 and 463 m C i / ~ m  r e s p e c t i v e l y .  

- The 241~u  concen t r a t ion  i s  t h e r e f o r e  1.85 (463) = 857 mci/Km2. The 

maximum 241Am a c t i v i t y  from 241~u  is  t h e r e f o r e  0.026 (857) = 22 mci/Km2. 

Th i s  w i l l  be a 13% i n c r e a s e  above p re sen t  l e v e l s  of  172 m c i / K m 2 .  

2 The t o t a l  241Am a c t i v i t y  w i l l  b e  172 + 22 = 194 m C i / K m  which i s  

1941463 = 0.42 o r  42% of  t h e  239 s 2 4 0 ~ ~  a c t i v i t y .  
- .  

S o i l  Concentrat  i ons  

The average s o i l  concen t r a t ion  of 239 , 2 4 0 ~ ~  f o r  t h e  no r the rn  

h a l f  of Enewetak A t o l l  i s  12  pCi/g (Ref .  1 ) .  The 
241,,239, 24OPu 

r a t i o  i n  t h e  s o i l  a t  Enewetak i s  0.36 (Ref.  1) . Therefore ,  t h e  

p re sen t  241Am concen t r a t ion  i s  (239 12 ~ C i / g )  (0.36 241Am/239~240~u) = 

4.3 p c i / g  2 4 1 ~ .  



- 16 - 

Assuming t h e  same r a t i o  f o r  2 4 1 ~ u / 2 3 9 , 2 4 0 ~ ~  of 1.85, t h e  24lPu 

a c t i v i t y  i s  1.85 (12) = 22 pCi/g 2 4 1 ~ ~ .  The maxinun grow i n  of  

2 4 1 ~ m  from t h i s  l e v e l  of 241~u  i s  22 (0.026) = 0.57 pCi/g 241Am. 

When t h e  c a l c u l a t e d  i n c r e a s e  from 2 4 1 ~ ~  of  0.57 pCi/g 2 4 1 ~ m  i s  

compared t o  4.3 pCilg of 241Am now p resen t  i t  r e p r e s e n t s  a  13% inc rease .  

The t o t a l  241Am w i l l  be  4.3 + 0.57 = 4.87 pCi/g. When compared with 

t h e  12 pCi/g o f  239,240pu p r e s e n t ,  t h e  241Am l e v e l  w i l l  b2 41% o f  

the 239, 24OyU 

Ground Water 

The average 2 3 9 9 2 4 0 ~ u  concen t r a t ion  i n  t h e  ground water  on 

Enjebi  i s  5.4 f C i / l  (Ref. 3 ) .  Using t h e  1.85 f a c t o r  t h e  2 4 1 ~ u  

concen t r a t ion  i s  10 f C i / l .  Americium-241 concen t r a t ions  have not 

y e t  been measured but  assuming a  s i m i l a r  r a t i o  f o r  241Am t o  239, 24OPu 

i n  both t h e  lagoon water  and ground water  an e s t ima te  of  t h e  241h 

i n  ground water  can be made. 5.4 fCi.11 2 3 9 ~ 2 4 0 ~ u  i n  ground water  

(4 .3  % i l l  2 4 1 ~  i n  lagoon water )  139 f C i / l  2 3 9 9 2 4 0 ~ ~  i n  lagoon 

241 
water  = 0.6 Ki l l  241Am i n  t h e  ground water .  Decay of Pu l e a d s  

t o  a 43% i n c r e a s e  i n  241Am c o n c e n t r a t i o n  and t h e  t o t a l  241h 

a c t i v i t y  i s  16% of t h e  239 9 2 4 0 ~ u  a c t i v i t y  . 
Vegetat ion 

Over 400 vege ta t ion  samples were analyzed du r ing  t h e  Enewetak 

survey. There were only  3 samples where both 241im and 239, 24OPu 

were de t ec t ed .  The average va lues  f o r  t h e s e  3 samples were 0.44 ~ C i / g  



2 3 9 , 2 4 0 ~ u  and 0.053 pCi/g 241~rn.  The 2 4 1 ~ u  concen t r a t ion  i s  

1.85 (0.44) = 0.82 pCi/g. The maximum 2 4 1 ~ m  a c t i v i t y  r e s u l t i n g  

from t h i s  l e v e l  of 2 4 1 ~ u  i s  0.026 (0.82) = 0.021 pCi/g 
241Am 

which i s  a  40% i n c r e a s e  above p r e s e n t  241Am concen t r a t ions .  The 

t o t a l  241Am a c t i v i t y  i s  0.053 + 0.021 = 0.074 pCi/g which is  

0.074 pCi/g/0.44 pCi/g = 0.168 o r  17% of  t h e  '!39 J 2 4 0 ~ u  concen t r a t ion .  

Page 10 ,  l i n e  19 t o  Page 11, l i n e  10 - "The resuspens ion  measure- 
ments and c a l c u l a t i o n s  which r e l a t e  t h e  a i r  contamj-nation t o  t h e  s o i l  
contaminat ion a r e  n o t  immediately compell ing,  and deserve  a  much more 
c a r e f u l  a n a l y s i s  than  I have given them. I would be s u r p r i s e d  i f  t h e  
a n a l y s i s  is  meaningful t o  f a c t o r  of 100,  when used t o  determine p u b l i c  
h e a l t h  gu ide l ines .  Resuspension i s  poor ly  understood,  it  i s  s e n s i t i v e  
t o  windspeed, s o i l  c h a r a c t e r i s t i c s ,  vege ta t ion ,  humidi ty,  r a i n f a l l ,  
mechanical d i s tu rbance ,  phys i ca l  and chemical h i s t o r y  of plutonium 
p a r t i c l e s  i n  s o i l .  How then  does one cons ider  t h e  exposure of c h i l d r e n  
throwing d ry  sand on a  windy day a t  t h e  beach? I would a n t i c i p a t e  l a r g e  
f l u c t u a t i o n s  about t h e  i m p l i c i t  exposure l e v e l s ,  which, even f o r  t h e  
l i m i t i n g  s o i l  contaminat ion g u i d e l i n e s  and p red ic t ed  a i r  concen t r a t ions  
a s s o c i a t e d  wi th  t h e s e  gu ide l ines  w i l l  be  approximately a  maximum pe rmis s ib l e  
lung burden. 'I 

Comments: The i s s u e s  r a i s e d  by D r .  Geesaman a r e  n o t  new. We a r e  

w e l l  aware t h a t  a l l  o f  t h e  v a r i a b l e s  which a r e  i d e n . t i f i e d  have n o t  been 

analyzed wi th  r e s p e c t  t o  t h e i r  i n d i v i d u a l  o r  combin.ed in f luence  upon 

resuspens ion  f a c t o r s .  For t h a t  reason  a d d i t i o n a l  a i r  sampling s t u d i e s  

w i l l  be  c a r r i e d  o u t  f o r  a per iod  of twelve months, a s  descr ibed  i n  t h e  

- D E I S .  

Even though measurements made p r i m a r i l y  r e f l e c t  a i r b o r n e  plutonium 

from worldwide f a l l o u t  l e v e l s  and cosmic r a y  a c t i v i t y ,  because of t h e  

u n c e r t a i n t i e s  i d e n t i f i e d  t h e  assumptions made i n  d e r i v i n g  t h e  va r ious  



organ doses due t o  t h e  i n h a l a t i o n  of plutonium a r e  q u i t e  conserva t ive .  

A cons tan t  a i r  concentraLion of plutonium i s  assumed, c o n s i s t i n g  of low 

s o l u b i l i t y ,  opt imal  s i z e  p a r t i c l e s  f o r  deep lung depos i t i on ;  fur thermore,  

ca ses  f o r  both s u r f a c e  s o i l  concen t r a t ions  of plutonium and average s o i l  

plutonium concen t r a t ions  a r e  c a l c u l a t e d .  The conservat ism of t h e s e  f a c t o r s  

i s  apparent  i n  t h a t  t h e  average person i s  n o t  l i k e l y  t o  be c o n s t a n t l y  exposed 
- 

3 
to an a i r  d u s t  loading of  100 u m / m  ; i n  a d d i t i o n ,  a l l  resuspended p a r t i c l e s  of 

plutonium w i l l  never  be of  an i d e n t i c a l  and opt imal  r e s p i r a b l e  s i z e .  

I n  view of t h e  a u t h o r ' s  s t a t e d  u n c e r t a i n t i e s  it is  n o t  c l e a r  what 

t h e  b a s i s  i s  f o r  t h e  conclus ions  s t a t e d ,  o r  t h e i r  d e r i v a t i o n  o r  j u s t i f i c a -  

t i o n .  I n  t h e  absence of any of t h e s e  it must be  regarded a s  opinion.  

Page 11, l i n e s  15-20 - "Concerning t h e  s tandard  employed by t h e  
DEIS f o r  maximum pe rmis s ib l e  plutonium contaminat ion of s o i l s  a t  Enewetak, 
D r .  M a r t e l l  p o i n t s  ou t  t h a t  'There a r e  no ICRP s t anda rds  f o r  s o i l  l e v e l s  
of pu and t h e  a c t i n i d e s  o r  f o r  l i f e t i m e  exposures t o  i n t e r n a l  a lpha  
a n i t t e r s . '  (Personal  Communication.) And he provides  t h e  fo l lowing  
c r i t i q u e  o f  t h e  s t anda rds  adopted by t h e  AEC Task Group f o r  Enewetak." 

Comments: Numerical va lues  of r a d i a t i o n  exposure and concen t r a t ions  

of plutonium in s o i l  were recommended by t h e  Task Group a s  guides  f o r  use  

i n  eva lua t ing  r a d i o l o g i c a l  cond i t i ons  at Enewetak A t o l l  only.  Such guides 

were n o t  intended a s  and a r e  n o t  t o  be considered a s  primary s tandards .  

~ h e s e  guides were used a s  l i m i t s  i n  eva lua t ing  remedia l  a c t i o n  op t ions  

i n  o rde r  t o  recommend a c t i o n s  and r e s t r i c t i o n s  t h a t  w i l l  ensure  t h a t  

exposures of people when they  r e t u r n  w i l l  no t  exceed t h e  b a s i c  FRC, ICRP 

and NCRP s tandards .  These cons ide ra t ions  a r e  t h e  b a s i s  f o r  a c t i o n s  and 



r e s t r i c t i o n s  recommended in t h e  DEIS. While t h e r e  is no n a t i o n a l  o r  

i n t e r n a t i o n a l  s tandard  f o r  plutonium expressed a s  a concen t r a t ion  i n  

s o i l ,  t h e  guides  recommended, 40 and 400 pCi/g, were de r ived  us ing  

t h e  b e s t  c u r r e n t  information r e l a t i n g  such s o i l  concen t r a t ions  t o  

p o s s i b l e  exposure t o  man. The guidance f o r  cleanup of contaminated 

s o i l  was s e l e c t e d  such t h a t  exposures of people a r e  expected t o  be 

w e l l  w i t h i n  t h e  b a s i c  s tandard .  This  guidance has been approved by 

EPA f o r  use  a t  Enewetak. 

The s ta tement  t h a t ,  "There a r e  no ICRP startdards. . .for l i f e t i m e  

exposures t o  i n t e r n a l  a lpha  emi t t e r s ; "  i s  i n  e r r o r .  A l l  ICRP s t anda rds  

f o r  i n t e r n a l  e m i t t e r s  a r e  based upon t h e  assumption of l i f e t i m e  exposure. 

Page 11, l i n e  21 t o  Page 12,  l i n e  4 - "The recommendation t h a t  
plutonium contaminated s o i l s ,  wi th  l e v e l s  no t  exceeding 40 pCi 239+240?u/g 
of  s o i l  averaged over  15 an depth ,  i s  s u i t a b l e  f o r  human h a b i t a t i o n ,  can 
be  very  s e r i o u s l y  quest ioned.  

"The S t a t e  of Colorado Board of Heal th has adopted i n t e r i m  s t anda rds  
f o r  Pu contaminat ion l i m i t s  i n  s o i l s  i n  land a r e a s  f o r  r e s i d e n t i a l  use ,  
s p e c i f y i n g  t h a t  2 3 8 ~ u  l e v e l s  s h a l l  no t  exceed 2 dpm (0.91 pCi) per  gram 
of s u r f a c e  s o i l  ( i . e , ,  averaged over t h e  top  1 cm depth of  s o i l ) . "  

Comments: The information quoted from D r .  ' M a r t e l l ' s  "personal  

c m u n i c a t i o n "  r e l a t i v e  t o  an in t e r im  s tandard  f o r  plutonium i n  s o i l  

adopted by t h e  S t a t e  o f  Colorado Board of  Heal th i s  g r o s s l y  mis leading .  

The guidance r e f e r r e d  t o  does n o t  apply t o  cleanup o r  removal of s o i l  

con ta in ing  plutorlium o r  t o  r e s t r i c t i o n s  on use  of plutonium contaminated 

l and  a s  D r .    art ell's communication impl ies .  Af t e r  conduct of an 

a p p r o p r i a t e  hea r ing ,  t h e  Colorado Board accepted 2 dpm/g o r  1 pCi/g 



o f  plutonium i n  s o i l  a s  r e q u i r i n g  s p e c i a l  techniques of cons t ruc t ion  

upon such proper ty .  These s p e c i a l  techniques a r e  intended t o  minimize 

plutonium re suspens ion .by  cons t ruc t ion  a c t i v i t i e s .  Th i s  guidance i s  

i r r e l e v a n t  t o  development of plutonium cleanup guidance f o r  Enewetak 

A t o l l .  

FRC, ICW, and N C U  have not  taken a  p o s i t i o n ,  except  t o  i n d i c a t e  

t h a t  va lue  judgments and r i s k / b e n e f i t / c o s t  judgments should be der ived  

f o r  each s p e c i f i c  s i t u a t i o n .  Therefore ,  it i s  u n r e a l i s t i c  f o r  s tandards  

agencies  t o  develop s t anda rds  a p p l i c a b l e  t o  a  broad range of c ircumstances.  

This  i s  a l s o  why s p e c i f i c  guidance i s  o f t e n  developed f o r  p a r t i c u l a r  

c ircumstances.  The Task Group 40-400 pCi/g and t h e  1 ~ C i / g  c i t e d  by 

D r .  M a r t e l l  a r e  both examples of guides f o r  plutonium in s o i l  developed 

f o r  a completely d i f f e r e n t  purpose and f o r  very  d i f f e r e n t  cond i t i ons .  

Inhe ren t  i n  both guides  a r e  cons ide ra t ions  of what i s  necessary  and 

f e a s i b l e .  Inhe ren t  i n  both i s  t h e  assumption t h a t  n e i t h e r  i s  a b s o l u t e l y  

s a f e .  Nei ther  of t h e  guides should be considered a s  g e n e r a l l y  a p p l i c a b l e  

s t anda rds .  

Assuming t h a t  b a s i c  s t anda rds  can be met, i t  i s  reasonable  t o  assume 

t h a t  t h e  guide s e l e c t e d  f o r  each s e t  of c ircumstances involv ing  p r o t e c t i o n  

of people from r a d i a t i o n  exposure would be the  lowest  l e v e l  t h a t  i s  f e a s i b l e  

w i th in  the  s t anda rd ,  a  l e v e l  t h a t  i s  a t t a i n a b l e  wi thout  a  l e v e l  of e f f e c t  

which i s  no t  j u s t i f i e d  by the  commensurate degree of r educ t ion  of r i s k .  This  

i s  t he  idea  behind the  "lowest p r a c t i c a b l e ' '  concept .  



If t h e  wording i s  examined c a r e f u l l y ,  t h e  comparison 

i s  made between t h e  recommended cleanup c r i t e r i a  and t h e  Colorado 

" i n t e r i m  standards" in land  a r e a s  f o r  r e s i d e n t i a l  use.  It should be 

noted t h a t  Case 3, t h e  recommended cleanup p lan ,  would l i m i t  t h e  

r e s i d e n c e  l o c a t i o n s  o f  t h e  Enewetakese t o  t h e  southern  i s l a n d s  of 

the A t o l l ,  at l e a s t  i n i t i a l l y .  According t o  Tabl'e 3-8 ,  p. 3-70, VoL I 

o f  t h e  DEIS, t h e  mean plutonium concen t r a t ion  i n  , s o i l  on most of t h e s e  

sou the rn  i s l a n d s  v a r i e s  from 0.04 t o  0.07 pCi/gm ( ranging  from 0.004 t o  

1.1 pCi/gm), w i th  one i s l a n d  showing a mean concen t r a t ion  of 0.63 pCi/gm 

( range  0.2-2.0), a l l  of  which a r e  beIow t h e  i n t e r i m  g u i d e l i n e  e s t a b l i s h e d  

by t h e  S t a t e  of  Colorado and r e f e r r e d  t o  by D r .  Mix te l l .  While t h e s e  

are mean va lues  over  15 cm of s o i l  depth ,  t h e  i s l imds  c o n s i s t i n g  of t h e  

i n i t i a l  i s l a n d s  of h a b i t a t i o n  show a mean va lue  o:E 0.04 w i t h  a range of 

0.004 t o  0.31. Even i f  t h e  t o t a l  q u a n t i t y  of p1ut:onium i n  t h i s  maximum 

sample were loca t ed  i n  t h e  top  1 cm of  s o i l  ( a  most u n l i k e l y  s i t u a t i o n ) ,  

t h e  concen t r a t ion  would be 4.5 ~ C i / g m ,  reasonably  comparable t o  t h e  

Colorado gu ide l ines .  

The recommendat ions  f o r  Enewetak a r e  based upon minimal c o n t r a i n t  s 

t o  t h e  l i v i n g  p a t t e r n s  and t h e  d i e t  of t h e  people a f t e r  t h e i r  r e t u r n .  

Colorado c r i t e r i a  d i d  no t  cons ider  such f a c t o r s .  Furthermore, t h e  Colorado 

va lues  a r e  n o t  based upon any demonstrated h e a l t h  hazard t o  man, b u t  r a t h e r  

a r e  based upon an  a r b i t r a r y  f a c t o r  times t h e  plutonium concen t r a t ion  i n  

Colorado s o i l s  r e s u l t i n g  from worldwide f a l l o u t .  



Page 12 ,  l i n e s  4-6  - "It i s  noteworthy t h a t  t h e  AEC has  n o t  
e s t a b l i s h e d  that. t h i s  s t anda rd  i s  unduly conse rva t ive  . . . I t  

Comments: It i s  obvious t h a t ,  where environmental  q u a l i t y  i s  t he  

only r e l e v a n t  cons ide ra t ion ,  t h e r e  can be no such th ing  a s  an "unduly 

conserva t ive"  s tandard  and we do n o t  ques t ion  the  p re roga t ive  of  t he  

S t a t e  of Colorado t o  apply  such a  s t anda rd  i n  those  a r e a s  where Federal  

c o n t r o l  and r e g u l a t i o n  i s  n o t  e x c l u s i v e .  Where o t h e r  f a c t o r s  must be 

considered along wi th  environmental f a c t o r s ,  ERDA (AEC) has  no t  endorsed 

Colorado 's  i n t e r i m  g u i d e l i n e s  f o r  plutonium c o n c e n t r a t i o n  i n  s o i l .  

Page 12,  l i n e s  6-10 - ".. . i t  i s  n o t  appa ren t  t h a t  t h e  AEC has  reques ted  
t h e  ICRP o r  NCRP t o  make s p e c i f i c  recommendations wi th  r e s p e c t  t o  
s t anda rds  f o r  Pu i n  s o i l s  a p p l i c a b l e  t o  chronic exposure t o  t h e  gene ra l  
p u b l i c ,  i nc lud ing  c h i l d r e n . "  

Comments: A s  s t a t e d  above the  v a r i o u s  s t anda rds  s e t t i n g  bodies  

have no t  provided e x p l i c i t  guidance because of  t h e  f l e x i b i l i t y  needed 

t o  permi t  implementation of t h e  requirement  t h a t  exposures  be reduced t o  

l e v e l s  a s  low a s  p r a c t i c a b l e  i n  each i n d i v i d u a l  s i t u a t i o n .  However, both 

t h e  NCRP and the  EPA a r e  c u r r e n t l y  r e e v a l u a t i n g  the  d e s i r a b i l i t y  and t h e  

p o t e n t i a l  need f o r  a d d i t i o n a l  guidance i n  t h i s  a r e a .  

Page 12, l i n e s  15-20 - " ... f o r  most Enewetak s o i l s  t he  top  cm con ta ins  
s u b s t a n t i a l l y  h ighe r  l e v e l s  of Pu per  gram than  t h e  15 cm depth average.  
Thus, f o r  example, a t  l o c a t i o n  101 on P e a r l ,  t h e  top  1 crn depth shows 
400 pCi 2 3 9 ~ u / g ,  whereas t he  average over  15 cm depth i s  about  60." 

Comments: While D r .  Mar t e l l  i s  c o r r e c t  t h a t  " fo r  most Enewetak 

s o i l s  t he  top cover con ta ins  s i l b s t a n t i a l l y  h ighe r  l e v e l s  of  Pu pe r  gram than  

t h e  15  cm depth  average ,"  t h e r e  a r e  a l s o  l o c a t i o n s  where h igher  plutonium 



d concen t r a t ions  a r e  found below t h e  t o p  cover  of  s o i l  ( J a n e t ,  l o c a t i o n s  

135, 142, 143, 144, 901; I r e n e ,  24, 27, 51, 100; A.lice 24; B e l l e  35, e t c . ) .  

None of  t h e  i s l a n d s  con ta in ing  t h e s e  l e v e l s  of Pu a r e  expected t o  be 

v i l l a g e  i s l a n d s ;  fur thermore,  t h e  Task Group recommendations included 

"Recovery of plutonium i n  s o i l  a t  concen t r a t ions  g r e a t e r  t han  400 pCi/g 

2 3 9 3 2 4 0 p ~  a t  any depth t h e s e  l e v e l s  a r e  found. Also, recovery  of contaminated 

s o i l  s u f f i c i e n t  t o  reduce s u r f a c e  l e v e l s  t o  a va lue  w e l l  below 40 pCi/g 

2 3 9 , 2 4 0 ~ ~ 1 1  (p. 5-80, Vol. I; emphasis added). Comparison of t h e s e  va lues  

w i t h  t h e  Colorado g u i d e l i n e s ,  t h e r e f o r e ,  i s  g r o s s l y  mis leading .  (R.efer 

t o  comments on a u t h o r ' s  page 11, l i n e  21 t o  page 12 ,  l i n e  4.) 

Page 12,  l i n e s  23-26 - "There a r e  r e c e n t  r e s e a r c h  developments which 
a r e  expected t o  l ead  t o  r educ t ions  i n  accep tab le  organ burdens of Pu i n  
man by a f a c t o r  of  100 t o  1000 o r  more." 

Comments: There a r e  no r e c e n t  r e s e a r c h  developments of  which we 

a r e  aware t h a t  a r e  expected by knowledgeable e x p e r t s  " t o  l ead  t o  r educ t ions  

i n  accep tab le  organ burdens of  Pu i n  man by a f a c t o r  of  100 t o  1000 o r  more." 

I f  D r .  M a r t e l l  i s  aware of r e s e a r c h  d a t a  which would j u s t i f y  such changes, 

i t  would be expected t o  be d i s t r i b u t e d  t o  t h e  s c i e n t i f i c  community s o  

t h a t  t h e  ICRP and NCRP might cons ider  t h e  imp l i ca t ions .  

Page 1 2 ,  l i n e  26 t.o Page 13 ,  l i n e  3 - " In  my opin ion  i t  i s  l i k e l y  
t h a t  a 10 D C ~  lung  burden of i n s o l u b l e  a l p h a  e m i t t i n g  p a r t i c l e s  w i l l  g ive  - 
r i s e  t o  s i g n i f i c a n t  adverse  h e a l t h  e f f e c t s  f o r  l i f e t i m e  exposures ." 

Comments: S i m i l a r l y ,  i f  D r .  M a r t e l l  has  evidence t h a t  "a 10 pCi 

lung burden o f  i n s o l u b l e  a lpha  e m i t t i n g  p a r t i c l e s  w i l l  g ive  r i s e  t o  

s i g n i f i c a n t  adve r se  h e a l t h  e f f e c t s  f o r  l i f e t i m e  exposures ,"  we would 



expect  t o  have such d a t a  presented  f o r  rev iew and eva lua t ion  by t h e  

s c i e n t i f i c  community. U n t i l  such t ime a s  evidence i s  a v a i l a b l e ,  t h e s e  

conclus ions  remain a s  s t a t e d  by D r .  M a r t e l l  a s  "my opinion.' '  

Page 13 ,  l i n e  16 t o  Page 1 4 ,  l i n e  6 - "Fur ther  explana t ion  of  t h e  
plutonium cleanup c r i t e r i a  developed by t h e  AEC Task Group i s  necessary .  
(DEIS, Vol. 11, Tab B y  pp. 111-8 t o  111-11.) We have a l r e a d y  mentioned 
t h e  ques t ionab le  wisdom of t h e  40 pCi/g s t anda rd .  For any concen t r a t ions  
exceeding 400 pCi/g t h e  Task Group recommendations r e q u i r e  removal of 
t h e  s o i l .  But i n  t h e  range  between 40 and 400 pCi/g, t h e  DEIS s t anda rds  
c a l l  f o r  ' c o r r e c t i v e  a c t i o n  ..... on a case-by-case b a s i s . '  (Vol. 11, 
Tab B ,  p. 111-9,) C e r t a i n  c r i t e r i a  a r e  o f f e r e d  f o r  guidance i n  t h e  
e x e r c i s e  of t h i s  judgment, bu t  they  appear  t o  be e n t i r e l y  t oo  u n s p e c i f i c  
and s u b j e c t i v e .  Once a  d e c i s i o n  i s  made t o  t a k e  c o r r e c t i v e  a c t i o n ,  
' the o b j e c t i v e  i s  t o  achieve  a  s u b s t a n t i a l  r educ t ion  i n  plutonium s o i l  
concen t r a t ions ,  and f u r t h e r ,  t o  reduce concen t r a t ions  t o  t h e  lowest  
p r a c t i c a b l e  l e v e l ,  n o t  t o  reduce  them t o  some p re sc r ibed  numerical  va lue . '  

. ( I b i d .  Emphasis added.)" 

Comments: A s  s t a t e d  -in t h e  D E I S ,  d e c i s i o n s  r ega rd ing  c o r r e c t i o n  

a c t i o n  f o r  plutonium concen t r a t ions  i n  s o i l  between 40 and 400 pCi/gm 

239,240~u w i l l  b e  on a  case-by-case b a s i s .  Many s p e c i f i c  f a c t o r s  e n t e r  

i n t o  such a  d e c i s i o n  f o r  which d e f i n i t e  s t a t emen t s  and numbers a r e  

i nappropr i a t e :  l o c a t i o n ,  environmental f a c t o r s  (e.g. ,  wind and wave 

a c t i o n ) ;  s o i l  ma t r ix ;  s o i l  use ;  f requency and d u r a t i o n  o f  human, animal 

o r  crop c o n t a c t ;  r i s k l b e n e f i t  ba lance ;  s i g n i f i c a n c e  o f  removal,  e t c .  

To e s t a b l i s h  predetermined c r i t e r i a  f o r  t h o s e  and o t h e r  v a r i a b l e s  is  

u n r e a l i s t i c .  Judgment must be used t o  de te rmine  what can be done 

wi thout  doing more h a m  than  good. 

Page 14 ,  l i n e s  7-10 - "Nor i s  i t  e n t i r e l y  c l e a r  who w i l l  be making 
t h e s e  ' case-by-case1  d e c i s i o n s .  Presumably i t  i s  t h e  'team of e x p e r t s '  
r e f e r r e d  t o  in t h e  recommendations of  t h e  Task Croup (Vol. 11, Tab B ,  
p. 27) ,  but  we a r e  n o t  t o l d  who they  a r e  o r  how they  w i l l  be  se lec ted ."  

Comments: Defense Nuclear Agency i s  r e s p o n s i b l e  f o r  c leanup of 

Enewetak A t o l l ,  S t a f f  f o r  r a d i o l o g i c a l  suppor t  o f  c leanup o p e r a t i o n s  w i l l  



b e  s e l e c t e d  by t h a t  Agency. The AEC Task Group rec:ommended i n c l u s i o n  

of e x p e r t s  from a Pub l i c  Heal th  Se rv i ce  group, i~hicih i s  now p a r t  o f  t h e  

EPA, i n  t h e  team t h a t  w i l l  i n t e r p r e t  r a d i a t i o n  and r a d i o a c t i v i t y  measure- 

ments and provide  advice  and guidance i n  t h e  f i e l d  on cleanup a c t i o n s ,  

as was done f o r  B i k i n i  A t o l l  cleanup. 

Page 14,  l i n e s  11-15 - "This whole approach must be explained and 
j u s t i f i e d ,  e s p e c i a l l y  a t  a t ime when t h e  EPA i s  corlducting hear ings  
around t h e  count ry  on plutonium s o i l  s tandards  f o r  p r e c i s e l y  t h e  purpose 
of  developing 'numerical  v a l u e s '  f o r  t h e  maximum concen t r a t ions  permissible ."  

C m e n t s :  EPA has conducted pub l i c  hea r ings  i n  Washington, D.C.,  

and i n  Denver, Colorado, t o  "eva lua te  t h e  environmental impact of plutonium 

and t h e  o t h e r  t ransuranium elements and t o  conside~c whether new gu ide l ines  

o r  s t anda rds  a r e  needed t o  a s s u r e  adequate  protect : ion of t h e  gene ra l  ambient 

environment and o f  t h e  p u b l i c  h e a l t h  from po ten t i a ' l  contaminat ion of  t h e  

environment by r ad ionuc l ides  of t h e s e  elements." :It  can be seen from t h e  

above t h a t  t h e  purpose of  t h e  hea r ings  was t o  determine whether o r  n o t  

a d d i t i o n a l  o r  new gu ide l ines  o r  s t anda rds  a r e  r equ i r ed ;  i t  was no t  t h e  

purpose. o f  t h e  hea r ings  t o  s e t  new s t anda rds  o r  t o  s p e c i f i c a l l y  develop 

plutonium s o i l  s t anda rds ,  much l e s s  " f o r  p r e c i s e l y  t h e  purpose of developing 

'numerical values' . . ." .  These a c t i v i t e s  m?y o r  may no t  subsequent ly t a k e  

- p l a c e ,  bu t  t h e  hear ings  were he ld  t o  o b t a i n  information r e l e v a n t  t o  t h e  

above s t a t e d  o b j e c t i v e s  which appeared i n  t h e  Fede ra l  R e g i s t e r .  It i s  

expected t h a t  i n  t ime EF'A may provide a d d i t i o n a l  guidance p e r t a i n i n g  t o  

plutonium s o i l  s t anda rds ,  bu t  i t  i s  no t  a t  a l l  c l e a r  a t  t h i s  t ime t h a t  

t h i s  guidance w i l l  c o n s i s t  of numerical  va lues ,  even a s  FRC guidance in 



t h e  p a s t  has  no t  r e f e r r e d  t o  numerical va lues .  

Page 14, l i n e s  18-28 - "Before any f i n a l  s t anda rds  a r e  s e t  f o r  
t h e  r a d i o l o g i c a l  cleanup of Enewetak, t h e  I n t e r n a t i o n a l  Commission on 
Rad io log ica l  P r o t e c t i o n  should be c a l l e d  upon f o r  plutonium and a c t i n i d e  
s t anda rds  a p p l i c a b l e  t o  a i r ,  water ,  s o i l s  and food concen t r a t ions  f o r  
both s o l u b l e  and i n s o l u b l e  a c t i v i t i e s ,  a p p l i c a b l e  t o  long-range exposure 
t o  t h e  gene ra l  pub l i c .  Appl ica t ion  should a l s o  be made t o  t h e  U .  S.  
Environmental P r o t e c t i o n  Agency f o r  s p e c i a l  hea r ings  f o r  t h e  sane 
purpose. Cons idera t ion  should a l s o  be given t o  t h e  d e s i r a b i l i t y  of  
r e q u e s t i n g  t h e  United Nations S c i e n t i f i c  Committee on t h e  E f f e c t s  of  
Atomic Radia t ion  t o  conduct hear ings  and s e t  t h e s e  s tandards."  

Coments :  It i s  doub t fu l  i f  UN hea r ings  o r  a d d i t i o n a l  EPA hea r ings  

would b r i n g  t o  l i g h t  any informat ion  not  a l r e a d y  known and cons idered ,  o r  

t h a t  ICRP would address  t h e  s p e c i f i c  ques t ion  of what would be accep tab le  

f o r  Enewetak cleanup. ICRP p o l i c y  l eaves  t o  each n a t i o n  a  degree of 

f l e x i b i l i t y  i n  applying t h e  b a s i c  s t anda rds .  The only  o rgan iza t ions  

having exper ience  i n  cleanup and r e h a b i l i t a t i o n  of  an a t o l l  l i e s  w i t h i n  

ERDA, EPA, HEW, DOD and D O I .  

The r e q u e s t  f o r  EPA p u b l i c  hear ings  on plutonium s o i l  contaminat ion 

s t anda rds  appears  i n c o n s i s t e n t  wi th  t h e  preceding paragraph on page 14 

which s t a t e s  t h a t  such hea r ings  a r e  now be ing  he ld  around t h e  country.  

Furthermore,  t h e  EPA has a l r eady  reviewed and eva lua ted  t h e  recom- 

mendations of  t h e  Task Group. The recommendations were approved by t h e  

EPA. S ince  t h e  EPA has approved t h e  g u i d e l i n e s  recommended, i t  would 

appear redundant t o  r eques t  t h e  EPA t o  hold hea r ings  on t h i s  s p e c i f i c  

i s s u e  a f t e r  t hey  have made t h e i r  dec i s ion .  



It should a l s o  be noted t h a t  t h e r e  a r e  i n  e x i s t e n c e  a p p l i c a b l e  

ICRP s t anda rds  f o r  a i r  and water  (and by ex tens ion ,  food) f o r  both 

s o l u b l e  and i n s o l u b l e  forms of t h e s e  i so topes  f o r  long-range exposure 

t o  t h e  gene ra l  pub l i c .  Thus t h e  only  i s s u e  i s  t h e  one of s o i l  s t anda rds ,  

which has  been d iscussed  a t  l eng th  previous ly .  

Page 15, l i n e  5 t o  Page 16 ,  l i n e  7 - "Removal and Disposa l  of  Radio- 
ContaminatedMater ia l s .  These comments r e l a t e  t o  the  proposed removal and 
d i s  o s a l  of contaminated sc rap  meta l  and s o i l  t rea . ted  i n  t h e  DEIS a t  Vol. 
1, . 85.3 .3 .3  and 5.5. 

A l l  radiocontaminated sc rap  meta l  on t h e  A t o l l  has been i d e n t i f i e d  
and w i l l  be removed, a s  of course  it must be ,  bu t  .the p r e c i s e  method of 
d i s p o s a l  has  no t  been determined. Four a l t e r n a t i v e  methods a r e  d iscussed;  
ocean dumping of t h e  loose  sc rap ,  conc re t e  encapsula t ion  i n  t h e  Cactus 
and Lacrosse c r a t e r s  a t  t h e  n o r t h  end of  Runit  i s l e t ,  o r  removal t o  t h e  
United S t a t e s  mainland f o r  s torage .  We a p p r e c i a t e  t h e  p r a c t i c a l  and 
p o l i t i c a l  d i f f i c u l t i e s  presented  by t h e  va r ious  d i s p o s a l  methods which 
would remove t h e  sc rap  from t h e  A t o l l  e n t i r e l y ,  bu t  t h e  People of Enewetak 
a r e  adamantly opposed t o  any d i s p o s a l  upon o r  withfin t h e  environs of  
t h e  A t o l l .  Ocean dumping, according t h e  DEIS ( V o l ,  I ,  5 5,5.2.1) , was 
r e j e c t e d  ' i n  view of compl ica t ions . '  Disposal  of  tihe United S t a t e s  
mainland was d i s f avored  f o r  s i m i l a r  reasons .  (Vo l ,  I ,  !?I 5.5.2.4). 
Disposa l  on t h e  A t o l l  must be r e j e c t e d  and t h e  o t h e r  methods should be  
explored ,  t h e  necessary  permi ts  and a u t h o r i t y  obtaj:ned and d i s p o s a l  
o f f  t h e  A t o l l  s e l e c t e d  a s  t h e  p r e f e r r e d  method. 

"Removal and d i s p o s a l  of contaminated s o i l  p r e s e n t s  more s e r i o u s  
c o s t  and p r a c t i c a l  d i f f i c u l t i e s ,  bu t  h e r e  aga in  t h e  complete removal and 
o f f - A t o l l  d i s p o s a l  of a l l  contaminated s o i l  must be t h e  s t a t e d  o b j e c t i v e  
o f  t h e  program. 

"Even us ing  t h e  h igh  plutonium contaminat ion s tandard  s e t  by t h e  
Task Group (40 pCi/g, e t c . ) ,  t h e  t o t a l  amount o f  At.011 s o i l  which would 
have t o  be  removed and disposed i s  779,000 cubic  yards.  (Vol. I § 5.5.2).  
I f  t h e  s o i l  s t anda rds  a r e  lowered a s  they  Should be ,  t h a t  volume w i l l  
i n c r e a s e  .I' 

Comments: The comments p e r t a i n i n g  t o  d i sposa l  of  contaminated 

m a t e r i a l  a r e  most a p p r o p r i a t e l y  d e a l t  wi th  by agencies  o t h e r  than  ERDA 

because of t h e  l e g a l ,  p o l i t i c a l  and f i s c a l  imp l i ca t ions .  



Page 16 ,  l i n e s  15-18 - "...but a  c l e a r  d e c i s i o n  must be taken t o  
s tudy  and f u l l y  a s s e s s  t h e  r e l a t i o n  of s o i l  removal t o  dose r educ t ion  
( i n c l u d i n g  t h e  r i s k  from a i r b o r n e  hot  p a r t i c l e s )  and t h e  l i k e l y  eco log ica l  
e f f e c t s  of s o i l  removal and replacement." 

C m e n t s :  An assessment of  t h e  r e l a t i o n  of s o i l  removal t o  dose 

r educ t ion  i s  d i scussed  i n  t h e  D E I S ,  Vol. 11, Sec t ion  13,  pp. 8-14. 

Page 16, l i n e  26 t o  Page 17 ,  l i n e  11 - "The AEC Task Group has 
w i se ly  recommended t h e  es tab l i shment  of  ' team of e x p e r t s '  t o  monitor 
t h e  execut ion  of t h e  r a d i o l o g i c a l  cleanup phase of t h e  program. (DEIS, 
Vol. I ,  pp. 5-79 ,  6-5).  Even i f  t h e  Task Group i s  enlarged a s  we have 
suggested and s p e c i f i c  s o i l  s tandards  a r e  developed and implemented, 
t h i s  monitor ing group w i l l  perform a c r u c i a l  func t ion .  Thus, i t  i s  
important  t h a t  i t s  membership be c a r e f u l l y  s e l e c t e d .  It i s  imperat ive 
t h a t  r a d i o s c i e n t i s t s  of t h e  most conse rva t ive  c a s t  be included i n  t h e  
monitor ing group. Here aga in ,  we suggest  t h a t  t h e  names of Drs. M a r t e l l ,  
Geesman,  Tamplin and Cochran. 

"And t h e  o n - s i t e  a u t h o r i t y  of t h e  monitor ing group should be c l e a r l y  
de f ined ,  wi th  a l l  important  o r  unexpected problems t o  be r e f e r r e d  t o  t h e  
en larged  Task Group . I 1  

Comments: As we s t a t e d  e a r l i e r ,  t h e  func t ion  and r e s p o n s i b i l i t i e s  

of t h e  Task Group were terminated when t h e  Commission approved i t s  

r ecomenda t  ions .  

The s c i e n t i f i c  approach used i n  development of r a d i a t i o n  p r o t e c t i o n  

s t anda rds  and p r a c t i c e s  i s  i n h e r e n t l y  conse rva t ive .  The b a s i c  s t anda rds  

of t h e  FRC, which accord ing  t o  law must be implemented by Federa l  agenc ie s ,  

a r e  i n  themselves conserva t ive .  Recommendations by t h e  AEC Task Group 

con ta in  a d d i t i o n a l  s a f e t y  f a c t o r s  and p rov i s ions  f o r  checking t h e  e f f e c t -  

iveness  of remedial  a c t i o n s  and r e s t r i c t i o n s .  I n  our opin ion ,  t h e  

Enewetak cleanup f i e l d  ope ra t ion  i s  n o t  t h e  proper  forum t o  pursue debates  

and d i scuss  i s s u e s  between i n d i v i d u a l  s c i e n t i s t s  where t h e r e  can be no e a r l y  



r e s o l u t i o n .  The hypotheses of  D r s .  M a r t e l l ,  Geesaman, Tamplin and Cochran 

are s u b j e c t s  f o r  proper  s c i e n t i f i c  debate .  Th i s  i s  b e s t  conducted through 

t h e  medium o f  t e c h n i c a l  j ou rna l s  and s c i e n t i f i c  me,etings, n o t  i n  day-to-day 

d e l i b e r a t i o n s  a t  Enewetak Ato l l .  

Page 17 ,  l i n s s  13-19 - "We a r e  in f u l l  agreeme:nt w i th  t h e  AEC Task 
Group recommendations f o r  t e s t  p l a n t i n g s ,  l e n s  water  and a i r  sampling. 
(Vol. I., pp. 5-80 t o  5-81).  But it i s  no t  c l e a r  whether t h e s e  recom- 
mendations have been implemented. They must be and t h e  s t u d i e s  should 
b e  commissioned t o  t h e  b e s t  s c i e n t i s t s  and technic i ims  a v a i l a b l e ,  under 
t h e  o v e r - a l l  guidance of t h e  enlarged Task Group. A l l  o f  t h e s e  s t u d i e s  
must d e a l  e x p l i c i t l y  w i th  t h e  ho t  p a r t i c l e  problem." 

Comments: A l l  of t h e  recommendations r e f e r r e d  t o  h e r e  have been 

implemented and e i t h e r  a r e  o r  soon w i l l  be underway. Addi t iona l  

information on t h e s e  s p e c i f i c  p r o j e c t s  i s  available f r o m  D N A .  

Any p o t e n t i a l  hazard due t o  hot  p a r t i c l e s  would r e s u l t  from t h e i r  

i n h a l a t i o n ;  consequent ly t h e  l e n s  water  and t e s t  p l a n t i n g s  p r o j e c t s  

a r e  n o t  r e l e v a n t  t o  theI1hot p a r t i c l e " i s s u e .  Cha rac t e r i za t ion  of resuspended 

p a r t i c l e s  w i l l  be  conducted a s  a p a r t  of t h e  a i r  sampl.ing p r o j e c t ,  however. 

Page 17,  l i n e  21 t o  Page 18, l i n e  8 - "AEC Task Group recommendation 
12 (Vol. 1, p. 5-81) c a l l s  f o r  'Base l ine  surveys of body burdens and 
u r i n e  content  o f  Cs-137 and Sr-90...for t h e  Enewetak people p r i o r  t o  
r e t u r n  t o  Enewetak A t o l l ,  and p e r i o d i c a l l y  t h e r e a f t e r . '  But he re ,  too ,  
it i s  n o t  c l e a r  whether a f i rm  commitment t o  long-range r a d i o l o g i c a l  
h e a l t h  monitor ing of  t h e  Enewetak p o p u l a t i w  has been made, and, i f  so ,  
p r e c i s e l y  how i t  w i l l  be implemented. 

"A f u l l y  adequate  r a d i o l o g i c a l  h e a l t h  program must be  designed,  funded 
and implemented. It can and should inc lude  t h e  people of B i k i n i ,  who w i l l  
one day soon be r e s e t t l e d ,  t h e  exposure v i c t ims  a t  Rongelap and U t i r i k  
A t o l l s  and t h e  Enewetak people.  

"The f i n a l  impact s tz tement  should address  t h i s  ques t ion  and s t a t e  
c l e a r l y  whether such a program i s  planned and what it w i l l  include." 



Comments: P rov i s ion  f o r  long-term p e r i o d i c  r a d i o l o g i c a l  h e a l t h  

monitoring of t he  Enewetak popu la t ion ,  inc luding  ana lyses  f o r  s t ront ium,  

cesium and plutonium, has a l r e a d y  been arranged.  

Page 18,  l i n e s  8-10 - "It too  must d e a l  wi th  the  h e a l t h  e f f e c t s  of  
ho t  p a r t i c l e s  and a l l  forms of low l e v e l  r a d i a t i o n ,  wi th  emphasis on 
i n t e r n a l  e m i t t e r s  ." 

Comments: It i s  no t  c l e a r  whether "It" r e f e r s  t o  t he  F i n a l  Statement 

o r  t o  t h e  r a d i o l o g i c a l  h e a l t h  monitor ing program t o  be e s t a b l i s h e d .  I f  

t he  former,  t he  i s s u e  i s  d iscussed  i n  our  response t o  the  comments of 

Drs. M a r t e l l ,  Tamplin and Geesaman. I f  t he  l a t t e r ,  i t  i s  no t  a  r e a l i s t i c  II 
r eques t .  C r i t e r i a  j u s t i f y i n g  t h e  i n i t i a t i o n  of any c o n t r o l l e d  ep idemiologica l ly  

and r a d i o l o g i c a l l y  v a l i d  s tudy  a r e  n o t  p r e s e n t .  S tudies  of " the h e a l t h  1 
e f f e c t s  of h o t  p a r t i c l e s  and a l l  forms of l o w  l e v e l  r ad i a t ion ' '  a r e  seldom 

p r a c t i c a l  even under c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s ;  even a t  exposure 
I 

l e v e l s  cons ide rab ly  above the  p o t e n t i a l  l e v e l s  d i scussed  h e r e ,  h e a l t h  1 
consequences a r e  e i t h e r  n o t  seen  o r  a r e  of ques t ionab le  s i g n i f i c a n c e .  To 

i d e n t i f y  a  h e a l t h  e f f e c t  i n  a  ve ry  small  popula t ion  r e s u l t i n g  from 

extremely low l e v e l s  of r e s p i r a b l e  p a r t i c l e s ,  which may o r  may n o t  be 

p r e s e n t ,  o f  ques t ionab le  s i g n i f i c a n c e  i s  very  d i f f i c u l t  even i n  c o n t r o l l e d  

l a b o r a t o r y  environments, and we expect  t h a t  'it would be  imposs ib le  t o  do 

s o  w i t h  t h e  popu la t ion  on t h e  Ato l l .  Heal th  e f f e c t s  from t h e s e  causes 

i n  t h e  popula t ion  under d i scuss ion  a r e  n o t  expected t o  be seen. To 

s tudy  any r e l a t i o n s h i p  between morb id i ty  o r  m o r t a l i t y  and t h e  a n t i c i p a t e d  

l e v e l s  of  exposure t o  r a d i a t i o n  i s  a  cons ide rab ly  d i f f e r e n t  s i t u a t i o n  from 

monitor ing t h e  people t o  a s c e r t a i n  t h e  l e v e l s  of i n t e r n a l  e m i t t e r s  t o  

which they  might be exposed. The l a t t e r  w i l l  be done, a s  s t a t e d  above, 

bu t  i t  i s  not planned t o  do t h e  former. 



Page 22, l i n e s  19-23 - "But a t  t h e  same t ime a l l  of  t h e  r a d i o l o g i c a l  
i n v e s t i g a t i o n s  recommended h e r e  should be undertaken and h igh  conf idence  
r e s u l t s  ob ta ined  a s  soon a s  p o s s i b l e  so  t h a t  t hey  can be used t o  r e v i s e  
and improve t h e  r a d i o l o g i c a l  c leanup phase be fo re  moving forward wi th  it." 

Comments: The a d d i t i o n a l  r a d i o l o g i c a l  i n v e s t i g a t i o n s  recommended 

by t h e  Task Group have a l r e a d y  been funded and i n i t i a t e d .  I f  a l l  o f  t h e  

recommendations suggested by t h e  au thor  had t o  be  undertaken and h igh  

conf idence  r e s u l t s  ob ta ined  i n  o rde r  t o  r e v i s e  and improve t h e  r a d i o l o g i c a l  

c leanup phase b e f o r e  proceeding,  t h e  r e t u r n  o f  t h e  Einewetakese might have 

t o  be  abandoned o r  delayed a  good many years .  





Comments on Appendix 11: "Basic Cons idera t ions  

i n  the ~ s s d s s m e n t  of t h e  Cancer Risks and Standards 

f o r  I n t e r n a l  Emit ters"  by Edward A.  Martel l*  

Page 2 ,  l i n e s  13-17 - " (14) . . .and the  tobacco smo:ke r a d i o a c t i v i t y  r e s u l t s  . 
The l a t t e r  r e s u l t s  imply t h a t  a s  l i t t l e  a s  a  few p icocur i e s  of  i n so lub le  
a lpha  emi t t i ng  p a r t i c l e s  i n  t he  lung may g ive  r i s e  t o  a s i g n i f i c a n t  r i s k  
of lung cancer  and o t h e r  s e r i o u s  h e a l t h  e f f e c t s  i n  t h e  ch ron ic  exposure case." 

Comments: The Pub l i c  Heal th s t a t i s t i c s  c o r r e l a t i n g  tobacco smoking 

and inc idence  of lung cancer  and o t h e r  d i seases  do no t  d i s t i n g u i s h  s e l e c t i v e l y  

between t h e  alpha e m i t t e r s  and the r e s t  of the  tobacco smoke a s  causa t ive  

agen t s .  Extensive epidemiological  observa t ions  suggest  t h a t  the  e t i o l o g y  

of lung cancer  i n  smokers i s  d i f f e r e n t  from t h a t  i n  i r r a d i a t e d  popula t ions .  

The excess  r i s k  of lung cancer  produced by r a d i a t i o n  p e r s i s t s  f o r  a t  l e a s t  

t h r e e  decades a f t e r  s i n g l e  o r  b r i e f l y  f r a c t i o n a t e d  ~exposures;  i t  does n o t  

show any apprec i ab le  r e t u r n  toward normal l e v e l s  f o r  twenty y e a r s  fol lowing 

a n  i n i t i a l  8-12 yea r  la tency .  On the  o the r  hand, when smoking i s  continued 

f o r  a  prolonged per iod  and then  terminated,  excess  r i s k  remains cons t an t  

f o r  on ly  1-3 yea r s  a f t e r  which a  s t eady  d e c l i n e  t o  rlormal occurs  i n  10-14 

y e a r s .  The s t r i k i n g  d i f f e r e n c e  i n  the  temporal pa t t . e rn  of excess  m o r t a l i t y  

i n  former smokers and i n  i r r a d i a t e d  humans i n d i c a t e s ,  c o n t r a r y  t o  

D r .  M a r t e l l ' s  sugges t ion ,  t h a t  t hee t io logy  i s  d i f f e r e n t  i n  t h e  groups. 

Uranium miners who have stopped smoking do not  show t h i s  p a t t e r n  of 

*The au tho r  r e f e r r e d  t o  h e r e i n  i s  D r .  Mar t e l l .  



dec l in ing  r i s k  t y p i c a l  of u n i r r a d i a t e d  popu la t ions ;  about  30% of the  

cancer  dea ths  i n  uranium miners have occurred i n  former smokers even though 

more than h a l f  o f  them had n o t  smoked f o r  f i v e  y e a r s  o r  more. This sugges ts  

t h a t  t he  e f f e c t s  of  the'smoke a s  a  whole, o r  a p a r t  from the  contained a lpha  

e m i t t e r s ,  a r e  probably much more important  than the  permanent e f f e c t s  of  t he  

small  amounts of a lpha  e m i t t e r s  i n  t h e  smoke, i n  r ega rd  t o  t h e  mechanism 

of i nduc t ion  of t he  a s soc i a t ed  lung cancer .  

While D r .  Mar t e l l  provides evidence regard ing  the  presence of ve ry  small  

q u a n t i t i e s  of a lpha  emi t t i ng  r ad ionuc l ides  i n  d e f i n i t i v e  s t r u c t u r e s  of t he  

tobacco l e a f ,  h i s  conclus ions  go cons iderably  beyond t h e  d a t a  provided.  

Page 2 ,  l i n e s  28-29 - "And f o r  long term exposures ,  unacceptably high 
tumor r i s k s  appear t o  be a s s o c i a t e d  wi th  p i cocu r i e  burdens of i n t e r n a l  
a lpha  emitters." 

Comments: I f  t h i s  conclusion i s  based upon t h e  tobacco smoking s t a t i s t i c s ,  

t h e  previous  response  i s  a p p l i c a b l e  h e r e  a l s o .  

Page 3 ,  l i n e s  1-5 - "It a l s o  i s  p o s s i b l e  t h a t  t h e  c r i t i c a l  h e a l t h  e f f e c t s  
f o r . a l p h a  emi t t i ng  p a r t i c l e s  a r e  t h e  inc idence  of  a t h e r o s c l e r o s i s  and o t h e r  
degene ra t ive  d i s e a s e s  of t he  ca rd iovascu la r  system. The publ ished evidence 
suppor t ing  these  conclus ions  i s  b r i e f l y  reviewed below." 

Comments: The evidence which the  au thor  p r e s e n t s  i n  suppor t  o f  h i s  

conclus ions  i s  reviewed below. 

Page 4 ,  l i n e s  13-16 - "The a lpha  r ad ia t ion - induced  bone tumor inc idence  
i p  dogs i s  observed t o  be p r o p o r t i o n a l  t o  t he  square of the  a lpha  dose(19) 
implying t h a t  a  sequence of two o r  more low events -must  be 
involved.  " 

Comments: This i s  t r u e  and should be noted f o r  f u t u r e  r e f e rence .  I t  

should a l s o  be noted t h a t  t h i s  dose-incidence r e l a t i o n s h i p  i n d i c a t e s  no t  

on ly  a n , i n c r e a s e  i n  tumor inc idence  w i t h  i n c r e a s i n g  dose s i z e  and dose 

r a t e  ( a s soc i a t ed  wi th  dose s i z e ) ,  b u t  a l s o  an i n c r e a s e  i n  tumorigenic 



e f f e c t i v e n e s s  per  u n i t  dose wi th  inc reas ing  dose s i z e  and dose r a t e .  I n  

t h i s  kind of dose-incidence r e l a t i o n s h i p ,  and r e f e r r i n g  t o  t he  r i s i n g  p o r t i o n  

of t he  dose- inc idence  curve ,  t h e  e f f e c t i v e n e s s  of  the  dose dec reases  wi th  

decreas ing  dose and dose r a t e ,  

Page 4 ,  l i n e s  16-18 - "This i s  c o n s i s t e n t  wit:h the  two-mutation and 
mul t ip le -muta t ion  t h e o r i e s  of cancer(20Y21) based on t h e  age d i s t r i b u t i o n  
of  cancer  i n  man." 0 

Comments: There i s  a  g r e a t  weight of evidenc:e i n  favor  of mul t i -event  

mechanisms of carc inogenes is  t h a t  r e q u i r e  no t  only the  c e l l  i n i t i a t i n g  events  

(malignant  c e l l  t ransformat ion)  b u t  a l s o  promotional events  such a s  l o c a l  

t i s s u e  damage o r  damage of s t r u c t u r e  and func t ion  of  more remote bu t  r e l e v a n t  

organs o r  systems by one o r  a  combination of agent:s o r  cond i t i ons .  This  

type of  complex mechanism i s  c o n s i s t e n t  wi th  the  t:ype of dose- inc idence  

r e l a t i o n s h i p  desc r ibed  f o r  the  product ion  of bone cancer  i n  dogs by i n t e r n a l  

a lpha-emi t t ing  r ad ionuc l ides .  

Page 4 ,  l i n e s  18-27 - "On the  b a s i s  of t hese  cons ide ra t ions  t h e  product ion 
of a  malignant c e l l  involves  a  sequence of even t s ,  a s  fo l lows:  (1)  product ion  
of a  v i a b l e  mutated c e l l ;  ( 2 )  c lone  growth from the  mutated c e l l ;  ( 3 )  
product ion  of a  second v i a b l e  mutat ion i n  one o r  more of t he  c lone ;  (4)  growth 
of a  c lone  of doubly-mutated c e l l s ;  e t c .  Thus, f o r  a  two-mutation sequence, 
t h e  tumor r i s k  would be p ropor t iona l  t o  the  ~ 2 t ~ ( t / ~ , ) ,  where R i s  t he  a lpha  
dose r a t e ,  t i s  t h e  time of exposure,  and Tc i s  t he  mean l i f e  of t he  normal 
c e l l  and s i n g l y  mutated c e l l .  The t e r m  ( t / ~ ~ )  r e p r e s e n t s  t h e  i n f l u e n c e  of 
t h e  growth of t h e  c lone  of t he  s ingly-mutated c e l l  on the  long-term r i s k . "  

Comments: Assuming t h a t  t h i s  formula i s  appropr i a t e  f o r  t h e  cont inuous 

a lpha  p a r t i c l e  i r r a d i a t i o n  from i n t e r n a l  a lpha  e m i t t e r s ,  with ve ry  h igh  

LET, s h o r t  t r a c k  i n  t i s s u e ,  and h igh  c e l l  s t e r i l i z i n g  and k i l l i n g  e f f i c i e n c y  

and e f f e c t  w i t h i n  s h o r t  d i s t a n c e s  of t he  sources ,  and applying t o  i t  v a r i o u s  

dose r a t e s  ( R ) ,  a  g iven  cons t an t  time of exposure ( t )  and a g iven  cons t an t  

mean l i f e  of  normal c e l l  and s i n g l y  mutated c e l l  (Tc) ,  t he  formula seems t o  

i n d i c a t e  t h a t  f o r  vary ing  i n t e r n a l l y  adminis te red  amounts of a lpha  e m i t t e r  



(cont inuous a lpha  i r r a d i a t i o n ) ,  i . e . ,  d i f f e r e n t  doses and a s s o c i a t e d  dose 

r a t e s ,  t he  tumor inc idence  would be p ropor t iona l  t o  the  square of t he  dose 

o r  t h e  square of t h e  dose r a t e ,  and the  inc idence  pe r  u n i t  dose would inc rease  

i n  p ropor t ion  t o  i nc reas ing  dose o r  i nc reas ing  dose r a t e .  This  i s  compatible 

w i t h  t h e  dose-incidence r e l a t i o n s h i p  f o r  a lpha  r ad ia t ion - induced  bone tumor 

inc idence  i n  dogs c i t e d  by the  au tho r  i n  l i n e s  13-16, page 4 ( s ee  comments 

on t h a t  sen tence  above) .  This  kind of dose-incidence r e l a t i o n s h i p  f o r  a lpha  

e m i t t e r s  ( i nvo lv ing  cont inuous i r r a d i a t i o n )  i n d i c a t e s  decreas ing  e f f e c t i v e n e s s  

of doses i n  t he  r i s i n g  p o r t i o n  of t he  dose-incidence curve wi th  the  decreas ing  

dose r a t e  t h a t  i s  a s s o c i a t e d  wi th  decreas ing  dose. 

It i s  d i f f i c u l t  t o  r e c o n c i l e  t hese  f ind ings  wi th  the  a u t h o r ' s  next  

s t a t emen t ,  as  follows: 

Page 4 ,  l i n e  28 t o  Page 5 ,  l i n e  3 - "This tumor r i s k  r e l a t i o n s h i p  makes 
i t  abundant ly c l e a r  t h a t  a  l i n e a r  e x t r a p o l a t i o n  t o  low dose r a t e s  i s  no t  
o n l y  no t  conse rva t ive  f o r  a lpha  r a d i a t i o n  induced tumors, bu t  r a t h e r  t h a t  
t h e r e  i s  a  marked i n v e r s e  dose - r a t e  v s .  r i s k  r e l a t i o n s h i p . "  

Comments: Reference i s  made t o  t he  immediately preceding s e t  of comments. 

For va ry ing  amounts of i n t e r n a l l y  adminis te red  a lpha  e m i t t e r  of a  g iven  type ,  

t h e  cont inuous i r r a d i a t i o n  occurs  over a cons t an t  time of exposure, bu t  t he  

dose r a t e  (and the  t o t a l  accumulated dose i n  a  g iven  time) depend d i r e c t l y  

on the  amount of a lpha  e m i t t e r  adminis te red .  Both dose and dose r a t e  a r e  

r e l e v a n t  and important  i n  i n t e r n a l  a lpha  r a d i a t i o n  induc t ion  of cancer .  I n  

t he  a u t h o r ' s  formula,  i f  t he  only  parameter t h a t  i s  v a r i e d  i s  t he  dose 

r a t e  (R),  t h i s  would a l s o  va ry  the  dose p r o p o r t i o n a l l y  f o r  a  cons t an t  time 

of exposure. On t h i s  b a s i s  t h e r e  i s  a  d i r e c t  r e l a t i o n s h i p  between inc idence  

( o r  r i s k )  and dose r a t e  o r  dose s i z e .  



Perhaps what t he  au thor  in tended ,  bu t  d id  not  make c l e a r  and e x p l i c i t ,  

was t h a t  t he  t o t a l  dose should be kept  cons t an t  by vary ing  both the  dose 

r a t e  (R) and the  time of exposure ( t )  such t h a t  t:he product  of the two ( t h e  

t o t a l  dose)  would always be the  same. Under t hese  circumstances,  a s  one 

i n c r e a s e s  t he  dose r a t e  (R) one decreases  t he  exposure time ( t )  p r o p o r t i o n a l l y ,  

and t h e  consequent r educ t ion  of  t h e  func t ion  t / T  reduces the  va lue  of 
c: 

2 2 
R t ( t / T  ) which i s  r e l a t e d  t o  inc idence  o r  r i s k .  However a p p r o p r i a t e  the  

C 

use  of t h e  formula may be f o r  e s t ima t ing  a  two-mutation sequence from some 

k inds  of  r a d i a t i o n  from e x t e r n a l  sources ,  i t  i s  s c r t i f i c i a l  and n e i t h e r  

a p p r o p r i a t e  nor r e a l i s t i c  f o r  tumor inc idence  o r  r i s k  f o r  cont inuous i r r a d i a t i o n  

from i n t e r n a l  a lpha  e m i t t e r s  which cannot be 1imi.ted t o  vary ing  times of 

exposure i n  r e l a t i o n  t o  dose r a t e ,  and i t  r e q u i r e s  presumptions on the  i n t e r -  

r e l a t i o n s h i p s  among dose r a t e ,  time of exposure, t o t a l  dose,  r e l e v a n t  i n -  

duc t ion  dose ,  and l a t e n t  per iod  i n  i n t e r n a l  a lpha  r a d i a t i o n  induc t ion  of 

tumors, a s  w e l l  a s  t he  assumption t h a t  a  two-muta.tion sequence i s ,  o r  i s  

equ iva l en t  t o ,  the  mechanism of  cancer  induct ion .  

Page 4 ,  l i n e s  3-24 - "There i s  an inc reas ing  body of  publ ished expe r i -  
mental evidence t h a t  r e f l e c t s  t h i s  t rend .  

"Speiss and Mays (22 )  observed t h a t  f o r  2 2 4 ~ a  a lpha  r a d i a t i o n  induced 
bone sarcoma i n  man, t he  tumor  inc idence  er rad  approximately doubled f o r  
a fou r - fo ld  inc rease  i n  the  spacing of 22eRa i n j e c t i o n s  and t h a t  the  observed 
inc idence  of  bone tumors pe r  r ad  i n  c h i l d r e n  was n e a r l y  twice t h a t  f o r  a d u l t s ,  
Upton e t  a1 . (23 )  show a s i g n i f i c a n t l y  h igher ' inc idence  of tumors i n  mice f o r  
a- g iven  neutron dose a t  more p r o t r a c t e d  pe r iods  of exposure. Moskalev and 
~ u l d a k o v ( 2 4 )  showed t h a t  f r a c t i o n a t i o n  of the  administered 2 3 9 ~ u  dose over  
l a r g e r  pe r iods  of time increased  bone tumor induc t ion .  The h ighe r  tumor 
incidence per  r ad  f o r  the  smal le r  lung burdens of crushed 2 3 9 ~ ~ 0 ~  micro- 
spheres  observed by ~ a n d e r s ( 1 1 )  seems b e s t  expla ined  by the l imi fed  a lpha  
i r r a d i a t i o n  of l a r g e  numbers of c e l l s  by numerous very  smal l ,  mobile 
p a r t i c l e s  of  low a c t i v i t y  per  p a r t i c l e  ( s ee  below). Hamsters subjec ted  t o  
low a lpha  doses from 2 1 0 ~ 0  d i s t r i b u t e d  q u i t e  homogeneously i n  the bronchio lar -  
a l v e o l a r  r eg ion  show a marked inc rease  i n  t he  lung tumor inc idence  per  r ad  
a t  very  low doses and dose r a t e s ( 2 5 ) .  And the inc idence  of bronchia l  cancer  



i n  uranium miners r e f l e c t s  a  h ighe r  tumor r i s k  pe r  rad a t  the  lower doses (26) 

f o r  t h i s  low dose r a t e  exposure group. The tobacco r a d i o a c t i v i t y  r e s u l t s  ( 1 4 )  

i n d i c a t e  a  s i g n i f i c a n t  tumor r i s k  f o r  t he  cumulative a lpha  r a d i a t i o n  dose 
from 2 1 0 ~ 0  i n  i n s o l u b l e  p a r t i c l e s  i n  t he  bronchi  of smokers, involv ing  much 
lower dose r a t e s  ." 

Comments: Here the  au thor  i n d i c a t e s  t h a t  " the re  i s  an  inc reas ing  body 

of publ ished experimental  evidence t h a t  r e f l e c t s  t h i s  t rend",  i . e . ,  r e f e r r i n g  

t o  "marked i n c r e a s e  dose - r a t e  v s .  r i s k  r e l a t i o n s h i p . "  Then the  au thor  c i t e s  

va r ious  r e p o r t s  t o  support  t h i s .  

It i s  w e l l  known t h a t  f r a c t i o n a t i o n  o r  p r o t r a c t i o n  ( r educ t ion  of dose 

r a t e )  of doses t h a t  a s  i n t e n s i v e  doses a r e  i n  the  range of h igh  doses t h a t  

a r e  r e l a t i v e l y  i n e f f i c i e n t  (pe r  r ad )  f o r  carc inogenes is  ( i . e . ,  i n  the  

d e c l i n i n g  p a r t  of the  dose-incidence curve fol lowing the  peak a t  t he  most 

e f f i c i e n t  dose l e v e l ) ,  owing t o  excess ive  c e l l  s t e r i l i z a t i o n  o r  d e s t r u c t i o n ,  

w i l l  i n c r e a s e  the  e f f i c i e n c y  of such doses .  It i s  a l s o  w e l l  known t h a t  

f r a c t i o n a t i o n  o r  p r o t r a c t i o n  of a  dose t h a t  a s  an i n t e n s i v e  dose i s  i n  the  

r a p i d l y  r i s i n g  p o r t i o n  of a  dose-squared dose-incidence r e l a t i o n s h i p  (an 

e f f i c i e n t  dose) w i l l  reduce the  e f f e c t i v e n e s s  and e f f i c i e n c y  of the  dose. 

It i s  t h e  dose r a t e  i n f luence  on these  e f f i c i e n t  doses t h a t  i s  important  i n  

cons ider ing  t h e  p o s s i b l e  i n f luence  of dose and dose r a t e  r educ t ion  t o  l e v e l s  

of i n t e r e s t  i n  r a d i a t i o n  p r o t e c t i o n .  The au tho r  n e g l e c t s  t h i s  d i s t i n c t i o n  

i n  h i s  s e l e c t i o n  of r e p o r t s  f o r  p r e s e n t a t i o n ' i n  t h i s  paragraph.  

~ande r s " ' ) ,  i n  desc r ib ing  the  m a t e r i a l  adminis te red  t o  t he  r a t s ,  

s t a t e s  t h a t  i t  was der ived  from crushed 2 3 8 ~ u 0  microspheres;  the  animals 
2  

d i d  n o t  r e c e i v e  the crushed 2 3 8 ~ u ~  microspheres ,  a s  i s  implied by Dr. M a r t e l l .  
2  

P r i o r  t o  admin i s t r a t i on  the  m a t e r i a l  had been s to red  i n  a  s a l i n e  s o l u t i o n  

f o r  a  long per iod  of time and had been a l t e r e d  t o  a  physico-chemical form 

which was 70% u l t r a f i l t e r a b l e  and appa ren t ly  w a s  i n  a  n o n - c r y s t a l l i n e  form 

o f  plutonium s i n c e  it had no d e t e c t a b l e  x- ray  d i f f r a c t i o n  p a t t e r n .  



Page 5 ,  l i n e  25 t o  Page 6 ,  l i n e  20 - "Based o'n t he  above cons ide ra t ions  
i t  i s  ev iden t  t h a t  t he  tumor r i s k  i s  optimized when a  v e r y  l a r g e  number of 
c e l l s  and t h e i r  descendants  a r e  subjec ted  t o  only  a  few widely spaced a lpha  
i n t e r a c t i o n s  wi th  the  small  t a r g e t  a f forded  by t h e  c e l l  chromosomes. This  
fo l lows  n e c e s s a r i l y  from the f a c t  t h a t  most a lpha  i n t e r a c t i o n s  with c e l l  
chromosomes lead  t o  the  subsequent m i t o t i c  dea th  of t he  c e l l ,  a s  Barendsen 
has  s h o w ~ - t ( ~ ~ , ~ ~ ) .  The product ion of  a  malignant c e l l  c a l l s  f o r  a  sequence 
of  two o r  more low p r o b a b i l i t y  even t s  and thus cannot be speeded up by the  
a p p l i c a t i o n  of massive a lpha  doses ,  bu t  r a t h e r  on1.y by sub jec t ing  a  much 
l a r g e r  number of c e l l s  t o  a  l imi t ed  number of i n t e r a c t i o n s .  Add i t iona l ly ,  
assuming t h a t  t h e  tumor r i s k  t o  the  t i s s u e  sub jec t ed  t o  a lpha  i r r a d i a t i o n  
i s  p ropor t iona l  t o  ~ 2 t ~ ( t / ~ ~ ) ,  explained above, i t :  i s  apparent  t h a t  t%e 
a lpha  a c t i v i t y  concen t r a t ion  o r  the  a c t i v i t y  per  p a r t i c l e  which i s  equated 
t o  a  given tumor r i s k  decreases  wi th  inc reas ing  time of exposure and a l s o  
t h a t  a  g iven  r i s k  can be a t t r i b u t e d  t o  smal le r  curilulative doses when the  
time of exposure t i s  apprec iab ly  longer  than the  mean l i f e  of the  c e l l ,  Tc.  
~ r u e s ( ~ ' )  and ~ u r c h ( 2 8 )  both poin ted  out  t h a t  the two-mutation t h e o r i e s  of 
carc inogenes is (20 ,21)  would imply an except iona l l j r  high e f f e c t i v e n e s s  of 
widely spaced r a d i a t i o n  f o r  tumor product ion .  I t  i s  proposed t h a t  j u s t  such 
a  dose r a t e  r e l a t i o n s h i p  se rves  t o  r e c o n c i l e  t he  observed s i g n i f i c a n t  tumor 
r i s k  i n  c i g a r e t t e  smokers wi th  the  presence  of a  p e r s i s t e n t  lung burden 
of insoluble smoke p a r t i c l e s  involv ing  a  t o t a l  o f  only a  few p icocur i e s  of 
210p0( 14) , 

Comments: Here t h e  au thor  does recognize t h e  high c e l l  s t e r i l i z i n g  o r  

k i l l i n g  e f f i c i e n c y  of a lpha  r a d i a t i o n  i n  a t tempt ing  t o  f u r t h e r  h i s  argument 

t h a t  tumor r i s k  i s  optimized a t  very  low dose. This  argument and h i s  

a d d i t i o n a l  argument, on the  b a s i s  of the assumption t h a t  the  tumor r i s k  t o  

2 2 
t h e  t i s s u e  sub jec t ed  t o  alpha i r r a d i a t i o n  i s  p ropor t iona l  t o  R t ( t / T  ) ,  t h a t  

C 

I I t h e  a lpha  a c t i v i t y  concen t r a t ion  o r  t he  a c t i v i t y  per  p a r t i c l e  which i s  

equated t o  a  g iven  tumor r i s k  decreases  wi th  inc reas ing  time of exposure and 

a l s o  t h a t  a  g iven  r i s k  can be a t t r i b u t e d  t o  smal le r  cumulative doses when 

tlie time of exposure t i s  app rec i ab ly  longer  than the  mean l i f e  of t he  c e l l ,  

Tc", a r e  r a t h e r  enigmatic  wi th  r e s p e c t  t o  dose and dose - r a t e  r e l a t i o n s h i p s  

w i t h  e f f e c t ,  bu t  a r e  s u b j e c t  t o  t h e  previous  (abo-~e)  comments on the  a u t h o r ' s  

pages 4 and 5.  

The dose-squared r e l a t i o n s h i p  between a lpha  : rad ia t ion  induced cancer  

i nc idence  and dose ( a s  i n  the  dog experiments r e f e r r e d  t o )  i n d i c a t e s  i nc reas ing  



e f f e c t i v e n e s s  and e f f i c i e n c y  of dose i n  t he  r i s i n g  p o r t i o n  of the r e l a t i o n s h i p  

curve u n t i l  the  curve changes t o  a  p l a t e a u  be fo re  d e c l i n i n g  a t  s t i l l  h igher  

doses.  According t o  t h i s ,  t he  r i s i n g  p o r t i o n  of  t he  downwardly convex curve 

shows decreas ing  e f f i c i e n c y  wi th  decreas ing  dose .  Under a c t u a l  c o n d i t i o n s ,  

d i f f e r e n t  amounts of  a  p a r t i c u l a r  a lpha  e m i t t e r  i n  a  p a r t i c u l a r  form and 

d i s t r i b u t i o n  w i t h i n  an organ i r r a d i a t e s  c e l l s  and t i s s u e s  f o r  t he  same 

period ( t )  and wi th  t h e  same decay k i n e t i c s ,  and t h e r e f o r e  the  dose r a t e  (R) 

and t h e  dose a r e  determined by the  amount of t he  a lpha  e m i t t e r  taken i n  o r  

2 2  
p re sen t .  The use of the  formula R t ( t /Tc )  wi th  p r o p o r t i o n a l  v a r i a t i o n  of R 

and t t o  achieve  cons t an t  dose f o r  examination of t he  in f luence  of v a r i a t i o n  

i n  dose r a t e  and time of  exposure may be u s e f u l  f o r  e x t e r n a l  sources of 

r a d i a t i o n  which can be c o n t r o l l e d  wi th  r e s p e c t  t o  R and t ,  but  t h i s  manipu- 

l a t i o n  i s  a r t i f i c i a l  and u n r e a l i s t i c  f o r  i n t e r n a l  a lpha e m i t t e r s  which a r e  

n o t  s u b j e c t  t o  such c o n t r o l  of  t he  v a r i a t i o n  i n  time of  exposure. 
l i n e s  21-23 - 

Page 6/ "I f  t he  above t e n t a t i v e  conclus ions  a r e  c o r r e c t ,  then the  same 
c o n s i d e r a t i o n s  must apply i n  t he  assessment  of tumor r i s k s  f o r  ho t  p a r t i c l e s . "  

Comments: The c o r r e c t n e s s  of  " the  above t e n t a t i v e  conclusions" a r e  

s u b j e c t  i n  p a r t ,  a t  l e a s t ,  t o  prev ious  (above) comments on the  a u t h o r ' s  pages 

4, 5 and 6. 

Page 6, l i n e s  26-28 - "Raabe e t  a l .  (29)  ~ e p o r t  an apparent  r a t e  of 
d i s s o l u t i o n  of 2 3 8 ~ ~ 0 ~  i n  lung f l u i d  which i s  two o r d e r s  of magnitude 
h ighe r  than t h a t  observed f o r  2 3 9 ~ ~ 0 ~  p a r t i c l e s . "  

238 
Comments: The PuO d i s s o l u t i o n  experiments r e f e r r e d  t o  were not  2  

c a r r i e d  ou t  us ing  "lung f l u i d " ,  b u t  r a t h e r  a  s y n t h e t i c  serum s imulant .  In  

a d d i t i o n ,  t hese  experiments were conducted in v i t r o ,  no t  -- i n  vivo a s  i s  impl ied .  



Page 7, l i n e s  5-8 - "In  a d d i t i o n  t h e  238~d2 p a r t i c l e s  exh ib i t ed  a  
very s i g n i f i c a n t l y  lower d e n s i t y  than  t h e  2 3 9 ~ ~ 2  p a r t i c l e s ( 3 0 ) ,  i n d i c a t i n g  
a  h i g h l y  f a u l t e d  s t r u c t u r e  and weakened in t e rmolecu la r  bonding f o r  t h e  
2 3 8 ~ ~ 0 2  p a r t i c l e s . "  

C m e n t s :  Ea r ly  measurements of d e n s i t y  of  :Pu02 wi th  t h e  Lovelace 

Aerosol  P a r t i c l e  Separa tor  system were h i g h l y  v a r i a b l e  due t o  experimental  

3 e r r o r s ,  w i th  va lues  averaging  about 10 g/m ; t h i s  va lue  was repor t ed  f o r  

2 3 9 ~ ~ 0 2 .  Improved techniques were developed by t h e  t ime t h e  238~u02  expe r i -  

ments were conducted and t h e  p a r t i c l e  d e n s i t i e s  measurements were more cons t an t  

and probably more a c c u r a t e  wi th  average va lues  around 8  g/cm3. That t h i s  

d i f f e r e n c e  i n  r epo r t ed  d e n s i t y  i nd ica t ed  "..,a h i g h l y  f a u l t e d  s t r u c t u r e  and 

weakened in t e rmolecu la r  binding f o r  238~&2.. .11 i s  s p e c u l a t i o n  by t h e  au thor  

and appears  somewhat ove r s impl i f i ed .  

Page 7 ,  l i n e s  8-12 - " ~ l e i s c h e r ( ~ l )  proposes t h a t  t h e  appa ren t ly  h igher  
d i s s o l u t i o n  r a t e  f o r  2 3 8 ~ ~ 0 2  may be  expla ined  by t h e  a lpha  r e c o i l  nuc leus  
a b l a t i o n  of t h e  s u r f a c e  l a y e r s  of t h e  p a r t i c l e s ,  with a  f ragmenta t ion  r a t e  
p ropor t iona l  t o  t h e  s p e c i f i c  a lpha  d i s i n t e g r a t i o n  r a t e  and wi th  v a r i a b l e  
s i z e s  of  fragments ranging  up t o  -lo4 atoms." 

Comments: F l e i s c h e r  suggested t h a t  agg rega te  r e c o i l  exp la ins  t h e  i n -  

c r eased  d i s s o l u t i o n  r a t e  of 2 3 8 ~ & 2  over 239Pu02. Th i s  i s  more l i k e l y  t o  be 

a r a d i o l y t i c  e f f e c t  occu r r ing  a t  t h e  s u r f a c e  o f  t h e  p a r t i c l e ,  bu t  t h e  exac t  

mechanism has n o t  been unequivocably demonstrated.  

Page 7 ,  l i n e s  12-14 - "The poorer  s t r u c t u r a l  i n t e g r i t y  of  t h e  2 3 8 ~ u 0 2  
p a r t i c l e s  may g i v e  r i s e  t o  an i n c r e a s e  i n  t h e  s i z e  range  of t h e  e j e c t e d  
fragments ." 

Comments: The r e f e r e n c e  t o  ". . .poorer  s t r u c t u r a l  i n t e g r i t y  of  t h e  238~u02. .  ." 
g i v e s  t h e  impression of be ing  a  f a c t u a l  s t a t emen t ;  i n  p o i n t  of f a c t  i t  is  t h e  

a u t h o r ' s  specu la t ion ,  and p o s s i b l y  an erroneous one. When 238~u02  i s  prepared 

i n  a  manner i d e n t i c a l  t o  t h e  p r e p a r a t i o n  of  2 3 9 ~ u ~ 2  , i n v e s t i g a t o r s  do n o t  f e e l  

t h a t  t h e  2 3 8 ~ u ~ 2  has "poorer s t r u c t u r a l  i n t e g r i t y "  o r  lower d e n s i t y  t han  

2 3 9 ~ ~ 2 ,  a l though it  does have a lower median p a r t i c l e  s i z e .  Th i s  

a l o n e  could account  f o r  a  h ighe r  s o l u b i l i t y  r a t e ,  i n s o f a r  a s  t h e  238~d2 



p a r t i c l e s  would have a  l a r g e r  s u r f a c e  a r e a  per  u n i t  mass ( o r  a c t i v i t y )  

than  2 3 9 ~ ~ 2  p a r t i c l e s  . 
Page 7 ,  l i n e s  14-17 - "Such smal l  f ragments ,  r ang ing  up t o  t e n s  of  

angstroms i n  diameter  or, more, would pass  r e a d i l y  through t h e  0.1 pm 
diameter  pores  of t h e  membrane f i l t e r s  used i n  t h e  d i s s o l u t i o n  experiments(29) . I 1  

Comments: Whether smal l  a b l a t i o n  fragments ,  i f  they  a r e  formed, can 

pas s  r e a d i l y  through a  membrane f i l t e r  r a t e d  a t  0.1 pin pore  has  no t  been 

demonstrated. Th i s  assumption, whi le  perhaps reasonable ,  i s  an assumption 

of t h e  au tho r .  

Page 7 ,  l i n e s  23-27 - "Another explana t ion  f o r  t h e  appa ren t ly  higher  
s o l u b i l i t y  of Z 3 y ~ ~ 0 2  than 2 3 8 ~ u 0 2  i s  t h e  p o s s i b i l i t y  t h a t  t h e  i n t e n s e  
a lpha  r a d i o l y s i s  o f  t h e  lung f l u i d  a t  t h e  s u r f a c e  of  t h e  p a r t i c l e s  l eads  t o  
t h e  product ion  of  chemical ly a c t i v e  f r e e  r a d i c a l s  which i n  t u r n  r e a c t  wi th  
P d 2  molecules on t h e  p a r t i c l e  sur face ."  

Comments: Presumably a  typographica l  e r r o r  occurred i n  i d e n t i f y i n g  t h e  

i s o t o p e s ;  we expec t  t h a t  I t . .  . h igher  s o l u b i l i t y  of  2 3 9 ~ u 0  than 2 3 8 ~ u 0 2  i s . .  ." 
2 

should read  ". . .h igher  s o l u b i l i t y  of 2 3 8 ~ u ~  2  than  2 3 9 ~ u ~ 2  i s . .  . I 1 .  

I n  t h e  experiments r e f e r r e d  t o  ( 2 9 ) ,  " i n t e n s e  a lpha  r a d i o l y s i s  of  t h e  

lung f l u i d " ,  w i th  t h e  formation of  f r e e  r a d - i c a l s , i s  one exp lana t ion  f o r  t h e  

increased  d i s s o l u t i o n  r a t e  observed i n  238~u02  p a r t i c l e s ;  a more r e a l i s t i c  

exp lana t ion  i s  t h a t  t h e  increased  d i s s o l u t i o n  r a t e  i s  due t o  t h e  i n t r a p a r t i c l e  

r a d i o l y t i c  e f f e c t s .  A 0.44 pm diameter  2 3 8 ~ & 2  p a r t i c l e  emits only  12 

a lpha  p a r t i c l e s  per  minute and a  2 3 9 ~ ~ 2  p a r t i c l e  of  t h e  same s i z e  emits  

on ly  3 a lpha  p a r t i c l e s  per  hour. I n  w e l l  bu f f e red  s o l v e n t s  such a s  were 

used i n  t h e  d i s s o l u t i o n  experiments,  r a d i o l y s i s  products  a r e  probably 

qu ick ly  i n a c t i v a t e d  a t  t h e  slow r a t e  and i n  t h e  sma l l  q u a n t i t i e s  t h a t  

t hey  a r e  formed. 



Page 8 ,  l i n e s  2-6 - "However t h i s  d i s so lved  plutonium undoubtedly 
would be s lowly r e d i s t r i b u t e d  i n  t h e  lung i n  t h e  same fash ion  a s  t h a t  
r epo r t ed  by ~ o s k a l e v (  34) f o r  inha led  s o l u b l e  compounds of plutonium, 
r e s u l t i n g  i n  a  h i g h l y  non-uniform d i s t r i b u t i o n ,  with hot  s p o t s  l oca t ed  
predominantly i n  t h e  sub -p leu ra l  r eg ion  of t h e  lungs." 

Comments: That " . . . this  d i s so lved  plutonium undoutedly would be s lowly 

r e d i s t r i b u t e d  i n  t h e  lung  . . . I 1  (emphasis added) i s  a source  of confusion,  

The m a t e r i a l  t h a t  i s  r e d i s t r i b u t e d  i n  t h e  lung i s  tzhe m a t e r i a l  t h a t  does 

n o t  become s o l u b i l i z e d ,  e.g., Pu02 p a r t i c l e s ,  o r  polymerized P u ( N O ~ ) ~ .  

The s o l u b i l i z e d  plutonium e n t e r s  t h e  bloodstream and i s  t r a n s l o c a t e d  t o  

t h e  l i v e r  o r  t h e  ske l e ton ;  t h i s  has been shown q u i t e  c l e a r l y  i n  both  t h e  

r a t  and t h e  dog. 

Page 8 ,  l i n e s  6-8 - "This gradual  conversion of  t h e  s o l u b l e  plutonium 
compounds t o  small  c o l l o i d a l  s i z e  p a r t i c l e s  a t  f o c a l  p o i n t s  of  a c t i v i t y  may 
be t h e  r e s u l t  of t h e  s e l f - c h e l a t i n g  p r o p e r t i e s  of  t e t r a v a l e n t  plutonium i n  
s o l u t i o n  .I' 

Comments: It i s  no t  c l e a r  what i s  e i t h e r  meant he re  o r  what assumptions 

have been made t o  reach  t h i s  conclusion.  

. Page 8 ,  l i n e s  9-11 and l i n e  17 - "In  r e c e n t  s t u d i e s  of r a t  i n h a l a t i o n  
o f  2 3 8 ~ ~ 0 ~  , sanders (  11) has  demonstrated a  s u b s t a n t i a l l y  increased  r i s k  
pe r  r a d  f o r  smal l  lung burdens of aged, 'crushed 2 3 8 ~ u ~ 2  micr he re s  ." 

"...the g r e a t e r  m o b i l i t y  and wider r e d i s t r i b u t i o n  of t h e  '"Pu02 
microspheres. .  ." 

Cpmments: The m a t e r i a l  t o  which Sanders (I1) exposed r a t s  was n o t  

"'crushed' 2 3 8 ~ 1 1 0 ~  microspheres  .I1  It was matGrial  der ived  from crushed 

238~u02  microspheres ,  a s  was explained p rev ious ly  (:see comments on t h e  

a u t h o r ' s  page 4,  l i n e s  3-24). 

I n  a d d i t i o n ,  it should be poin ted  out  t h a t  t h e  s m a l l e s t  i n i t i a l  a l v e o l a r  

d e p o s i t i o n  i n  t h i s  s tudy  was 5 nCi,  o r  about 300 t imes t h e  c u r r e n t  maximum 



pe rmis s ib l e  occupat iona l  lung burden f o r  humans of 0.016 nCi/gm (1000 gm 

lung) .  The low rad  dose,  i n  c o n t r a s t  t o  t h i s  d e p o s i t i o n ,  was due t o  t he  

r a p i d  a l v e o l a r  c l ea rance  of the  inha led  2 3 8 ~ u e  

Page 9 ,  l i n e s  20-22 - "It i s  proposed t h a t  t hese  two tumors may be 
a t t r i b u t e d  t o  secondary protons e j e c t e d  by a lpha  i n t e r a c t i o n s  with hydrogen 
atoms. The expected y i e l d  i s  one pro ton  per  l o4  a lpha  i n t e r a c t i o n s  ." 

Comments: It i s  no t  e x a c t l y  c l e a r  t h a t  i t  i s  t h e  au thor  who i s  making 

t h e  proposed mechanism of induct ion  of t h e  two tumors r e f e r r e d  t o ,  nor  i s  

t h e  b a s i s  f o r  t h e  proposed conclusion c l e a r ,  nor  i s  any evidence presented 

t o  support  i t .  

Page 10 ,  l i n e s  18-21 - "These e f f e c t s  p l u s  the  accompanying chromosome 
s t r u c t u r a l  changes can g ive  r i s e  t o  t he  e a r l i e r  inc idence  n o t  only of cancers  
bu t  t he  whole p a t t e r n  of d i s e a s e s  of  the ca rd iovascu la r  and r e n a l  systems(37 , j 8 )  .' 

Comments: The a u t h o r ,  r e f e r r i n g  t o  t he  f a c t  t h a t  r a d i a t i o n  can damage or 

d e s t r o y  c e l l s  t h a t  produce blood p l a t e l e t s  and leukocytes ,  s t a t e s  t h a t ,  

"These e f f e c t s  p l u s  the  accompanying chromosome s t r u c t u r a l  changes can g ive  

r i s e  t o  the  e a r l i e r  inc idence  no t  on ly  of cance r s ,  bu t  t he  whole p a t t e r n  of 

d i s e a s e s  of t he  ca rd iovascu la r  and r e n a l  systems (37 y38)  his s ta tement ,  

t h e  manner i n  which i t  i s  made, and the  sweepi3g imp l i ca t ions  of i t , a r e  

mis leading ,  unaccompanied by adequate  meaningful exp lana t ion  o r  foundat ion ,  

and a t tempt  t o  f a c t i o n a l i z e  mechanis t ic  connec t ions  which a r e  so remote 

and s p e c u l a t i v e ,  and n e g l e c t f u l  of known a s p e c t s  of t he  mechanisms, a s  t o  

be p r a c t i c a l l y  meaningless.  The r e f e r e n c e s  (37, 38) do n o t  provide  sub- 

s t a n t i v e  suppor t  f o r  t he  sweeping mechanis t ic  a s p e c t s  of t he  s ta tement .  

Page 10,  l i n e s  22-26 - "Let us review the  mounting evidence which 
sugges ts  t h a t  inha led  i n s o l u b l e  a lpha  e m i t t i n g  p a r t i c l e s  may be the  agent  
of a t h e r o s c l e r o s i s  and thus g ive  r i s e  t o  a n  increased  r i s k  of dea th  by 
e a r l y  co rona r i e s  and s t r o k e s .  A t h e r o s c l e r o s i s  i s  r epo r t ed  t o  be p r e s e n t  
i n  every in s t ance  of p a r t ' a l  o r  complete a r t e r i a l  occ lus ion  and every case  

(39 f  11 of coronary thrombosis . 



Comments: Reference 39 i s  i d e n t i f i e d  a s  a  1940 paper i n  T& 

American Heart  J o u r n a l  on a r t e r i o s c l e r o s i s  of t h e  coronary a r t e r i e s  

and t h e  mechanism of t h e i r  occlusion.  I n  a  s tudy  of 100 cases  of  r e c e n t  

coronary occ lus ion ,  t h e  au tho r s  of t h i s  paper r epo r t ed  t h a t  " a r t e r i o -  

s c l e r o s i s  was observed i n  every in s t ance  i n  which e i t h e r  a  p a r t i a l  o r  

complete a r t e r i a l  occ lus ion  was found." These au tho r s  a l s o  r epo r t ed  

on t h e  l a t e r  sequelae  of a r t e r i o s c l e r o s i s ,  i nc lud ing  calcium depos i t i on  

i n  t h e  plaques and even bone formation i n  some cases  fo l lowing  calcium 

depos i t i on .  They s t a t e d  t h e  fol lowing:  "Judging from t h e  recorded ,  and 

ou r  own, anatomic obse rva t ions ,  i t  appears  t h a t  t h e  process  of  a r t e r i o -  

s c l e r o s i s  c o n s i s t s  p r imar i ly  of an i n t i m a l  l i p o i d o s i s  and col lagenous 

th i cken ing ,  and f u r t h e r ,  t h a t  t h e  end r e s u l t  i s  i r ~ t i m a l  f i b r o s i s  brought 

about wi th  t h e  a i d  of c a p i l l a r y  channels which p r o l i f e r a t e  i n  response 

t o  t h e  f a t t y  change and i n t i m a l  th ickening .  The ingrowth of  v e s s e l s  i n t o  

t h e  plaque must be  considered,  then ,  a s  b a s i c a l l y  r e p a i r a t i v e  and g ranu la t ion  

t i s s u e - l i k e  i n  na tu re .  I f  t h e  v a s c u l a r i z a t i o n  of  a  plaque does no t  keep 

pace wi th  t h e  l i p o i d  change, o r  i f  t h e  d e l i c a t e  i n t r amura l  channels  become 

obs t ruc t ed  i n  any of  t h e  ways p rev ious ly  mentioned, t h e  ensuing c i r c u l a t o r y  

d e f i c i e n c y  l eads  t o  n e c r o s i s  of t h e  l i p o i d  zone, and produces an atheromatous 

' abscess . '  Th i s  e s t a b l i s h e s  t h e  second phase of t h e  v i c i o u s  cyc l e ,  f o r  

t h e  n e c r o t i c  f o c i  may now p r e c i p i t a t e  l o c a l i z e d  hemorrhages, wi th  

progress ion  of  t h e  a r t e r i o s c l e r o t i c  process ,  and i n c i d e n t a l l y ,  occ lus ion  

of  t h e  luman. The e x t e n t  of t h e  l o c a l  hemorrhage i s  dependent upon 



t h e  r a t i o  of t h e  s i z e  of  t h e  c a p i l l a r y  a f f e c t e d  t o  t h e  degree of a s soc i a t ed  

i n t i m a l  degenerat ion.  F i n a l l y ,  t hen ,  t h e  l e s i o n  must be t h e  express ion  

of  t h e  i n t e r r e l a t i o n s h i p  between f a t t y  change, v a s c u l a r i t y  of t h e  w a l l ,  

and i n t i m a l  n e c r o s i s .  C a l c i f i c a t i o n  and bone formation c h a r a c t e r i z e  

u l t i m a t e  hea l ing  of  t h e  les ion ."  

Page 11 ,  l i n e s  1-3  - "Recently Bend i t t  has shown (40) t h a t  t h e  human 
a t h e r o s c l e r o t i c  plaque is  a  monoclonal p r o l i f e r a t i o n  o f  a mutated c e l l  
of t h e  a r t e r y  w a l l ,  and thus  an a r t e r i a l  tumor." 

Comments: C l a r i f i c a t i o n  of t h i s  ma t t e r  r e q u i r e s  explana t ion  o f  what 

t h e  paper of  r e f e r e n c e  (40) by Bend i t t  and Bend i t t  (1973) a c t u a l l y  r e p o r t s  

and shows. 

F i r s t ,  it should be poin ted  out  t h a t  e a r l y  i n  embryonic development 

of  mammalian females t h e r e  i s  random i n a c t i v a t i o n  of one o r  t h e  o t h e r  of 

t h e  two x-chromosomes i n  va r ious  c e l l s .  Thus, t h e  female becomes a  mosaic 

of two c e l l  t ypes ,  each type  having one o r  t h e  o t h e r  of  t h e  p a i r  o f  x- 

chromosomes a c t i v e  wi th  r e s p e c t  t o  x- l inked glucose-6-phosphate dehydrogenase 

isoenzymes. The two c e l l  popula t ions  reproduce t r u e  t o  t ype  i n  t h i s  r e s p e c t  

throughout somatic  growth, i t  i s  thought .  Bend i t t  and Bendi t t  (1973) r e f e r r e d  

t o  Linder  and F a r t l e r  a s  having examined t h e  n a t u r e  of t h e  c e l l  popula t ion  

i n  benign u t e r i n e  smooth muscle tumors* by i n v e s t i g a t i n g  t h e  p a i r  of x- l inked  - 

*The fol lowing d e f i n i t i o n s  might be use fu l :  
Mutat ion:  a  change i n  t h e  c h a r a c t e r  of a  gene t h a t  i s  perpe tua ted  i n  

subsequent d i v i s i o n s  of t h e  c e l l  i n  which i t  occurs .  
Tumor: a  swel l ing .  
Neoplasm: an abnormal mass of t i s s u e  t h a t  grows more r a p i d l y  than normal 

and cont inues  t o  grow a f t e r  t h e  s t i m u l i  which i n i t i a t e d  t h e  new growth 
cease ;  may be e i t h e r  benign o r  malignant .  

Cancer: any of va r ious  types of malignant  neoplasms. 
It should be noted t h a t  t h e s e  terms a r e  not  synonymous. A neoplasm may o r  
may not  be a cancer ,  and "tumor" i s  no t  equ iva l en t  i n  meaning wi th  "cancer." 
S i m i l a r l y ,  t h e  p r o l i f e r a t i o n  of a  mutated cell .  does no t  n e c e s s a r i l y  r e s u l t  
i n  a tumor. 



- 15 - 
Bend i t t  and Bendi t t  (1973) ( a u t h o r ' s  r e f e r e n c e  40) i n v e s t i g a t e d  by t h i s  

means i n d i v i d u a l  a t h e r o s c l e r o t i c  plaques from var:ious r eg ions  of t he  a o r t a  

and common i l i a c  a r t e r i e s  of 4 human females.  The d a t a  were r e p o r t e d  t o  

show t h a t  t h e  f i b r o u s  caps of t h e  atheromatous plaques were composed of  

c e l l s  t h a t  produce s o l e l y  o r  predominantly one of t he  two isoenzymes, whereas 

samples of a r t e r y  wa l l  media and in t ima were r e g u l a r l y  conposed of a mixture 

of  t he  two isoenzyme c e l l  types .  

These i n v e s t i g a t o r s  considered an a l t e r n a t i v e  t o  t h e  i n j u r y - r e p a i r  

hypothes is  of  spontaneous a t h e r o s c l e r o s i s  on the  b a s i s  of t h e  fol lowing cons i -  

d e r a t i o n s :  e e l l s  of  spontaneous a t h e r o s c l e r o t i c  l e s i o n s  d i f f e r  from c e l l s  

of  normal a r t e r y  wa l l  and c e l l s  popu la t ing  a  r e p a i r  s i t e  i n  s i z e ,  composition 

of  a s s o c i a t e d  e x t r a c e l l u l a r  m a t e r i a l  (e .g .  preportderance of co l l agen  r a t h e r  

than  e l a s t i n ) ,  and i n  t he  absence of i n t e r c e l l u l a r  j unc t ions .  These i n v e s t i -  

g a t o r s  s t a t e d  t h a t  t hese  d i f f e r e n c e s  and t h e  r e s u l t s  of  t h e i r  enzyme a n a l y s i s  

of  p laques  and normal v e s s e l  components imply t h a t  a t h e r o s c l e r o t i c  p laques  

i n  human be ings  a r i s e  by another  mechanism. They s t a t e d  t h a t  t hese  f e a t u r e s  

sugges t  two p o s s i b i l i t i e s :  e i t h e r  the  c e l l s  of  a . t h e r o s c l e r o t i c  p laques  

d e r i v e  from a popula t ion  of c e l l s  d i f f e r e n t  from those  of  t he  normal a r t e r i a l  

media o r  they  a r e  transformed c e l l s ,  and i f  t h e  l a t t e r  i s  s o ,  c e l l s  of  

a t h e r o s c l e r o t i c  p laques ,  l i k e  those  of t h e  benign. smooth muscle tumors of 

t h e  u t e r i n e ,  could be expected t o  be monoclonal. It i s  a t  t h i s  p o i n t  t h a t  

Bend i t t  and Bend i t t  seem t o  have used t h e  term, rr~onoclonal, t o  sugges t  o r i g i n  

n o t  on ly  from one of t he  two isoenzyme c e l l  types  of t h e  female bu t  from a  

s i n g l e  transformed c e l l .  I n  t h i s  l a t t e r  con tex t  they  s t a t e d  t h a t  t h e  

mechanism compatible  wi th  the  monoclonal n a t u r e  of a t h e r o s c l e r o t i c  p laques  

i s  muta t ion ,  and t h a t  t he  l i k e l y  causes  a r e  chemical mutagens o r  v i r u s e s .  



A l l  t h a t  t h e  a c t u a l  d a t a  (isoenzyme d a t a )  i n  t h i s  paper (Bendi t t  and 

Bend i t t )  r e a l l y  show i s  t h a t  t he  plaques a r i s e  s o l e l y  o r  predominantly from 

one o r  t h e  o the r  of  t h e  two embryonical ly  determined isoenzyme c e l l  types ,  

w i t h  d i f f e r e n t i a t i o n  o r  metaplas ia  of the  c e l l s  of e i t h e r  type i n  c e r t a i n  

c h a r a c t e r i s t i c  ways under the  a t h e r o s c l e r o t i c  c i rcumstances ,  and not  t h a t  

plaques n e c e s s a r i l y  had o r i g i n  from s i n g l e  (ve r sus  mu l t ip l e )  c e l l s  of t h e  

isoenzyme c e l l  type  predominating. The a c t u a l  d a t a  d i d  no t  show t h a t  c e l l  

mutat ion was involved,  a s  i s  s t a t e d  by t h e  au tho r  of t he  document under 

review. 

Bend i t t  and Bend i t t  acknowledge t h e  p o s s i b i l i t y  t h a t  t h e  reason  f o r  

t h e  s o l e  o r  predominant presence  of one o r  t h e  o t h e r  of t he  two isoenzyme 

c e l l  types i n  t he  plaques i s  n o t  a monoclonal o r i g i n  bu t  r a t h e r  some process  

s e l e c t i n g  from one o r  t h e  o t h e r  of t h e  two c e l l  t ypes .  

Bend i t t  and Bend i t t  d i d  n o t  a c t u a l l y  d e f i n e  t h e  a t h e r o s c l e r o t i c  plaque 

a s  an  a r t e r i a l  tumor a s  t h e  au tho r  of t h e  document under review seems t o  

imply i n  r e l a t i o n  t o  h i s  r e f e r e n c e  t o  t h e  paper by Bend i t t  and Bend i t t .  

Page 11, l i n e s  3-4 - "Elke les  (41-43) has  observed anomalously high 
concen t r a t ions  of a lpha  a c t i v i t y  a t  t he  c a l c i f i e d  plaque s i t e s . "  

Comments: E lke les  (1966) ( a u t h o r ' s  r e f e r e n c e  42) poin ted  o u t  the  w e l l  

known f a c t  t h a t  calcium d e p o s i t i o n  i n  v a r i o u s  s o f t  t i s s u e s  i s  a  man i f e s t a t ion  

o f - a g i n g .  E lke l e s  r e f e r r e d  t o  a  paper by Blurnewhalet a l .  who micro inc inera ted  

human a o r t a s  and showed t h a t  calcium was depos i t ed  i n  t h e  media a f t e r  2 0  yea r s  

of age,  and emphasized t h a t  such d e p o s i t s  i n c r e a s e  wi th  age and precede the  

formation of i n t i m a l  p laques .  Blumenthal e t  a l .  a l s o  observed t h a t  t he  

r a t i o  of  calcium phosphate t o  calcium carbonate  i n  t he  a o r t a s  i s  s i m i l a r  t o  

t h a t  i n  bone. 



It should be poin ted  out  he re  t h a t  whether o r  n o t  t he  calcium d e p o s i t s  

i n  blood v e s s e l s  may be regarded a s  an i r r i t a n t  lead ing  t o  damage and r e p a i r  

i n  t h e  formation of p laques ,  t h e r e  a r e  s u b t l e  t o  obvious changes i n  p a r t s  

of some blood v e s s e l s  ( e . g . ,  a o r t a ,  coronary a r t e r i e s ,  r e n a l  a r t e r i o l e s )  

t h a t  somehow provide  a  r e c e p t i v e  environment f o r  d e p o s i t i o n  of calcium 

(dys t rophic  c a l c i f i c a t i o n ) .  Calcium d e p o s i t i o n  may be e s p e c i a l l y  marked i n  

cond i t i ons  involv ing  excess ive  demine ra l i za t ion  of bone, a s  i n  advanced 

os t eoporos i s  of ag ing ,  o s t e i t i s  f i b r o s a ,  and pa ra thy ro id  d i s o r d e r s ,  and wi th  

e l e v a t i o n  of blood l e v e l s  of calcium, from whatever cause.  The depos i t i on  

of calcium i n  blood v e s s e l s  a s  a  consequence of  damage of bone of experimental  

animals  a f t e r  i n t e r n a l  a d m i n i s t r a t i o n  of s u b s t a n t i a l  doses of bone-seeking 

a lpha  e m i t t e r s  has  been observed. 

Elke les  ( t o  whom t h e  au thor  r e f e r r e d )  poin ted  out  t h a t  c e r t a i n  r ad io -  

a c t i v e  substances a r e  depos i ted  wi th  the  calcium i n  the  skeletal  system. 

He r epor t ed  t h a t  i n  e l d e r l y  p a t i e n t s ,  t he  a lpha  p a r t i c l e  a c t i v i t y  pe r  u n i t  

n e t  weight of a o r t a ,  a l though v a r i a b l e ,  tended t o  fo l low the  degree of c a l -  

c i f i c a t i o n .  He s tud ied  the  abdominal a o r t a ,  coronary a r t e r i e s ,  pulmonary 

a r t e r y ,  and r i b s  and c o s t a l  c a r t i l a g e .  Ash % and a lpha  a c t i v i t y  r o s e  wi th  

age only  i n  t he  a o r t a  and coronary a r t e r i e s .  I n  pulmonary a r t e r i e s ,  ash % 

d i d  not  r i s e  and a lpha  a c t i v i t y  dec l ined  wi th  age .  Pulmonary a r t e r i e s  were 

chosen a s  t he  c o n t r o l  a r t e r i e s  because they a r e  h i . s t o l o g i c a l l y  s i m i l a r  t o  

a o r t a  bu t  no t  s u b j e c t  t o  a t h e r o s c l e r o s i s  except  i n  c a s e s  wi th  long-standing 

pulmonary hyper tens ion .  I n  c o s t a l  c a r t i l a g e  t h e r e  was no i n c r e a s e  i n  ash  

w i t h  age and the  a lpha  a c t i v i t y  dec l ined  wi th  age. Turner e t  a l .  and 

Mayneord were c i t e d  a s  having r e p o r t e d  t h a t  t he  r a d i o a c t i v i t y  of bone ash  

does n o t  i n c r e a s e  wi th  age. 



I n  s h o r t ,  E lke les  r epo r t ed  t h a t  i n  those e l a s t i c  a r t e r i e s  which a r e  

t he  most common s i t e s  of a t h e r o s c l e r o s i s ,  t h e r e  i s  i nc rease  o f  both ash 

and a lpha  a c t i v i t y  wi th  age, and advanced the  concept  t h a t  p rog res s ive  depo- 

s i t i o n  of calcium toge the r  wi th  small  amounts of a lpha  e m i t t e r s  lead  t o  

s u b t l e  i n j u r y  and r e a c t i v e  changes of connect ive t i s s u e  i n  a r t e r i a l  wa l l s  

lead ing  t o  a t h e r o s c l e r o s i s .  

However, a s  mentioned above, t h e r e  a r e  changes i n  some p a r t s  o f  some 

v e s s e l s  which precede and provide a  r e c e p t i v e  environment f o r  depos i t i on  of 

calcium and the  a lpha  e m i t t e r s  t h a t  behave l i k e  calcium me tabo l i ca l ly  and go 

w i t h  ca l c ium,  e . g . ,  from bone t o  v e s s e l  w a l l s .  Much l a r g e r  doses of a lpha 

r a d i a t i o n  than the amounts measured by Elke les  a r e  r equ i r ed  t o  damage a r t e r i e s  

t o  t he  p o i n t  of causing s u b s t a n t i a l  i n c r e a s e  i n  calcium depos i t i on .  Inc reas ing  

blood p re s su re  with age should be h i g h l y  suspec t  a s  one cond i t i on  which ma.y 

c o n t r i b u t e  t o  s u b t l e  b u t  p rog res s ive  changes i n  a o r t a ,  coronary  a r t e r i e s ,  

and perhaps even r e n a l  and o t h e r  a r t e r i o l e s  t o  some e x t e n t ,  which may provide  

t h e . c o n d i t i o n s  favor ing  calcium depos i t i on .  J u s t  a s  a t h e r o s c l e r o s i s  occurs  

i n  pulmonary a r t e r i e s  under t h e  cond i t i ons  o f  pulmonary hyper tens ion ,  

a t h e r o s c l e r o s i s  i n  a o r t a  o r  coronary a r t e r i e s  and damage of r e n a l  a r t e r i o l e s  

a r e  a s s o c i a t e d  wi th  gene ra l  hyper tens ion  o r  i n c r e a s e s  i n  blood p re s su re  w i t h  

age. 

Pape 11, l i n e s  4-7 - "In a d d i t i o n  a t h e r o s c l e r o s i s  plaques normally 
occur i n  the  main and abdominal a o r t a s  and the  coronary a r t e r i e s ,  bu t  r a r e l y  
i n  t he  pulmonary a r t e r i e ~ ( ~ ~ , ~ ~ ) .  This  d i s t r i b u t i o n  sugges ts  a  r e s p i r a t o r y  
o r i g i n  f o r  t he  muta3enic agent ."  

Comments: Here the  au thor  assumes t h a t  a t h e r o s c l e r o t i c  plaques a r e  t:he 

result of a lpha  r a d i a t i o n  induced c e l l  mutat ions and sugges ts  t h a t  t h e  a lpha  

e m i t t e r s  r e s p o n s i b l e  o r i g i n a t e  from the  lung (presumably inha led )  because 



t he  pulmonary a r t e r i e s  r a r e l y  develop a t h e r o s c l e r o t i c  plaques.  This  would 

imply t h a t  inha led  a lpha  e m i t t e r s  t h a t  g e t  i n t o  the  blood a r e  trapped 

e f f i c i e n t l y  i n  t h e i r  f i r s t  passage i n  the  blood s t ream through t h e  pulmonary 

v e i n s ,  h e a r t ,  coronary a r t e r i e s ,  and perhaps t h e  r e s t  of t he  v a s c u l a r  t r e e  

except  t h a t  v i r t u a l l y  none i s  l e f t  i n  t he  blood by t h e  time the  blood reaches  

and s e r v i c e s  t he  pulmonary a r t e r y .  The au tho r  does n o t  d i scuss  t h i s  ma t t e r ,  

o r  t h e  f a t e  of a lpha  e m i t t e r s  absorbed from t h e  g a s t r o i n t e s t i n a l  t r a c t ,  o r  

t h e  mechanisms by which a lpha  e m i t t e r s  may be taken up so s p e c i a l l y  i n  a o r t a ,  

coronary a r t e r i e s ,  e t c .  on the  f i r s t  passage of t he  blood con ta in ing  them. 

The sen tences  which a r e  t he  s u b j e c t  of t h e s e  comments r e p r e s e n t  a  ve ry  

poor argument f o r  t he  r e s p i r a t o r y  o r i g i n  of t h e  c a u s a t i v e  agen t ,  f o r  t he  

n a t u r e  of t he  c a u s a t i v e  agen t ,  o r  f o r  the  reason  f o r  t he  r a r i t y  of a the ro -  

s c l e r o s i s  i n  t he  pulmonary a r t e r y .  It i s  h i g h l y  un l ike ly  t h a t  t h e r e  would 

be no a lpha  e m i t t e r s  pas s ing  through the  blood of t h e  pulmonary a r t e r y  o r  of 

i t s  vasa  vasorum a f t e r  i n h a l a t i o n  and i n g e s t i o n  of a lpha  e m i t t e r s  t h a t  were 

i n  a ' s t a t e  a l lowing them t o  pass  i n t o  t h e  blood.  

Pape 11 ,  l i n e s  8-10 - "Attempts t o  reproduce a r t e r i a l  l e s i o n s  i n  animals 
by chemical,  mechanical and n u t r i t i o n a l  means have no t  produced plaques 
s i m i l a r  t o  those  of a t h e r o s c l e r o s i s  i n  man(40) . " 

Comments: The a u t h o r ' s  r e f e rence  (40) i s  t o  t he  paper by Bend i t t  and - 
Bend i t t  (1973),  whose s ta tement  i n  t h i s  mat te r  i s  a s  fo l lows:  "Chemical, 

mechanical,  and n u t r i t i o n a l  manipulat ions have been used i n  animals i n  an 

e f f o r t  t o  reproduce l e s i o n s  l i k e  those  of atherosc:lerosis i n  man: none of  

t hese  experimental  l e s i o n s  y i e l d s  wholly s a t i s f a c t o r y  cop ie s  of l e s i o n s  of 

t h e  human d isease ."  



The n e x t  sentence i n  the  Bend i t t  and Bend i t t  paper  i s  a s  fol lows:  

"Spontaneous a t h e r o s c l e r o s i s  occurs  i n  chickens and, a s  we have found, 

produces l e s i o n s  t h a t  s t r i k i n g l y  resemble those of man." 

The f a c t  t h a t  c e r t a i n  types of experimental  manipulat ion may have 

f a i l e d  so  f a r  t o  reproduce wholly s a t i s f a c t o r y  copies  of  l e s i o n s  of t he  

human d i s e a s e  does n o t  mean t h a t  some of those l e s i o n s  which have been pro- 

duced a r e  wholly i r r e l e v a n t  o r  t h a t  r a d i a t i o n  i s  the  only  agent  t h a t  would 

be p e r f e c t l y  succes s fu l .  Experimental manipulat ion wi th  r a d i a t i o n  has no t  

succeeded i n  meeting t h i s  requirement  e i t h e r .  Since o t h e r  animals  a r e  n o t  

wholly l i k e  humans i t  has been d i f f i c u l t ,  b u t  i t  i s  n o t  n e c e s s a r i l y  impossible  

f o r  t h e  f u t u r e ,  t o  produce good copies  of t h e  human d i s e a s e  by experimental 

manipulat ion o f h c t o r s  o the r  than  r a d i a t i o n .  Perhaps i n v e s t i g a t i o n  of the  

spontaneous l e s i o n s  i n  chickens would provide  va luab le  c l u e s .  

Page 11, l i n e s  10-12 - "However a t h e r o s c l e r o t i c  plaques have been 
d i r e c t l y  induced i n  human a r t e r i e s  by i n t e n s i v e  i r r a d i a t i o n  wi th  x- rays  
and radium(45) . " 

Comments: The r e fe rence  (45) i s  t o  a  paper  by Sheehan (1944) on what 

Sheehan c a l l s  an uncommon o r  a t  l e a s t  r a r e l y  desc r ibed  l e s i o n ,  i . e . ,  foam c e l l  

p laque ,  observed i n  t h e  in t ima of  i r r a d i a t e d  s m l l  a r t e r i e s  (100 t o  500 

microns e x t e r n a l  diameter)  i n  s e v e r a l  i r r a d i a t e d  organs .  The l e s i o n  was 

desc r ibed  a s  a  p l aque - l ike  th ickening  of i n t ima  due t o  c o l l e c t i o n  of foam 

c e l l s  a l a n e  o r  foam c e l l s  mixed wi th  v a r i o u s  o t h e r  c e l l s ,  f l u i d ,  f i b r i n  o r  

hya l ine  m a t e r i a l ,  between endothelium and i n t e r n a l  e l a s t i c  membrane. Although 

p a t h o l o g i c a l  changes were found sometimes a l s o  i n  a d j a c e n t  i n t e r n a l  e l a s t i c  

membrane, media and a d v e n t i t i a ,  t he se  s t r u c t u r e s  were o f t e n  normal. The 

plaque may cause marked narrowing o r  even occ lus ion  of  t he  lumen. Thrombosis, 

f i b r o b l a s t i c  p r o l i f e r a t i o n  o r  d e p o s i t i o n  of  e l a s t i c  t i s s u e  i n  the  thickened 



in t ima seldom r e s u l t .  The foam c e l l  plaques were found i n  smal l  a r t e r i e s  

i n  organs sub jec t ed  t o  r a d i a t i o n  therapy ( l a r g e  dyoses) by roentgen  r ays  

and/or  gamma r ays  from radium sources ,  The paper  s t a t e s  t h a t  t h e  plaques 

probably r e s u l t  from migra t ion  of lymphocytes and monocytes i n t o  t h e  intirca 

from the  blood s tream and subsequent t ransformati .on (meaning d i f f e r e n t i a t i o n  

o r  metamorphosis) of t h e s e  c e l l s  i n t o  foam c e l l s  by t h e i r  i n g e s t i o n  of l i p i d s  

which have been f r e e d  by t h e  d i s s o l u t i o n  of r e d  c e l l s  i n  t he  in t ima o r  which 

have accumulated i n  t he  in t ima a f t e r  passage acrolss p o r t i o n s  of t he  endo- 

the l ium t h a t  was rendered more permeable than  normal by i r r a d i a t i o n .  The 

paper  conta ined  a  ca sua l  o r  i n c i d e n t a l  s t a t emen t  t o  t h e  e f f e c t  t h a t  t h e  foam 

c e l l  plaques i n  i r r a d i a t e d  small  a r t e r i e s  c l o s e l y  resemble t h e  e a r l y  l e s i o n  

of a t h e r o s c l e r o s i s .  I f  t h i s  were t r u e ,  i t  would be i n d i c a t i v e  of  some of t h e  

k inds  of changes which may occur i n  v e s s e l s  be fo re ,  and presumably r e s p o n s i b l e  

f o r ,  subsequent d e p o s i t i o n  of calcium. It i s  i n t e r e s t i n g  t o  p o i n t  o u t ,  

however, t h a t  e a r l i e r  i n  t h i s  paper ,  Sheehan i n d i c a t e d  t h a t  foam c e l l  plaque 

was -an uncommon o r  a t  l e a s t  r a r e l y  desc r ibed  l e s i o n .  

Page 11, l i n e s  15-17 - "For a l l  of t hese  reasons  i t  i s  proposed t h a t  
inha led  i n s o l u b l e  a lpha  emi t t i ng  smoke p a r t i c l e s  a r e  v e r y  l i k e l y  t o  be the  
mutagenic agent  which g ives  r i s e  t o  a t h e r o s c l e r o s i s  i n  c i g a r e t t e  smoksrs." 

Comments: This  s ta tement  i s  a s t r i n g  of poor ly  founded presumptions 

covered by previous  comments. 

Page 11, l i n e s  18-21 - "I f  t h i s  i s  t h e  c a s e ,  s i m i l a r  i nc reased  r i s k  of  
e a r l y  co rona r i e s  a r e  t o  be expected f o r  o t h e r  groups of i n d i v i d u a l s  who a r e  
occupa t iona l ly  o r  environmental ly  exposed t o  t h e  i n h a l a t i o n  of i n s o l u b l e  a lpha  
e m i t t i n g  p a r t i c l e s  of r e s p i r a b l e  s i z e . "  

Comments: "If  t h i s  i s  the  case" i s  a  poor ly  founded presumption, f o r  

reasons  covered i n  prev ious  comments. 



Page 11, l i n e  26 t o  Page 1 2 ,  l i n e  2  - "Very s i g n i f i c a n t  i nc reases  i n  
t he  inc idence  of e a r l y  c o r o n a r i e s  a s  we l l  a s  lun cancers  and cancers  a t  
o t h e r  s i t e s  i s  observed among c i g a r e t t e  smokers('6) w i th  i n s o l u b l e  a lpha  
e m i t t i n g  p a r t i c l e  burdens of on ly  a  few p i c o c u r i e s  of 2 1 0 ~ o  i n  t he  lun  ( I 4 )  
and s i m i l a r  t o t a l  a lpha  a c t i v i t y  per  100 grams of a r t e r i a l  w a l l  t i s s ~ e ? ~ l - ~ ~ )  . I 1  

Comments: This  sen tence  i s  mis leading  i n  t y ing  t h e  a lpha  a c t i v i t y  of  

a r t e r i a l  wa l l  t i s s u e  t o  t h e  s t a t emen t  about  i nc idence  of d i s e a s e s  among 

c i g a r e t t e  smokers. The r e f e r e n c e s  (41-43) r e f e r  t o  E lke l e s '  papers  r e p o r t i n g  

a lpha  p a r t i c l e  a c t i v i t y  i n  c a l c i f i e d  a t h e r o s c l e r o s i s  and i n  coronary a r t e r y  

d i s e a s e ,  based on measurements i n  plaques and v e s s e l s ,  where i t  i s  most 

l i k e l y  t h a t  calcium, and a lpha  r a d i o a c t i v i t y  w i t h  i t ,  i n c r e a s e  a f t e r  a l t e r -  

a t i o n s  of t he  a r t e r i a l  t i s s u e  t h a t  lead  t o  t h e  r e s t  o f  t he  a t h e r o s c l e r o t i c  

mechanisms have occurred ( see  comments on page 11, l i n e s  3-7 and 10-12).  

Page 12, line 3 t o  Page 13, line 2 - "By comparison, plutonium workers 
e x h i b i t  plutonium o r  an burdens ranging  from a  few p i c o c u r i e s  t o  a  few 
nanocuries  o r  And a l though t h e r e  has been no ep idemiologica l  
s tudy  of the  age- inc idence  of h e a r t  d i s e a s e  and cancer  among plutonium workers,  
t he  l i m i t e d  publ i shed  informat ion  bear ing  on t h i s  ques t ion  i s  more d i s t u r b i n g  
than  r e a s s u r i n g .  Most o f t e n  c i t e d  i s  t h e  medical exper ience  of 26 plutonium 
workers a t  Los ~ l a m o s ( ~ g , ~ ~ ) ,  u s u a l l y  accompanied by a  s ta tement  t o  t he  e f f e c t  
t h a t  none of t h e  medical f i n d i n g s  f o r  t h i s  group can be a t t r i b u t e d  d e f i n i t e l y  
t o  i n t e r n a l l y  depos i ted  plutonium. With equal  j u s t i f i c a t i o n  one may s t a t e  
t h a t  most of t he  s e r i o u s  medical f i n d i n g s  i n  t h i s  group can be a t t r i b u t e d  t o  
plutonium. One member of  t h e  o r i g i n a l  group d i ed  i n  the  e a r l y  1950 ' s .  Cause 
of  dea th  i s  no t  r epo r t ed .  Another died of  a  coronary a t  age 38. A t h i r d  
s u f f e r e d  a  coronary occ lus ion  bu t  recovered  and was w e l l  compensated. A 
f o u r t h  developed a hamartoma of che lung and h i s  r i g h t  lower lobe was 
s u r g i c a l l y  removed i n  May 1971. A f i f t h  had a  melanoma of t h e  c h e s t  wal l .  
A s i x t h  had a  p a r t i a l  gastrectomy f o r  a  b leeding  u l c e r .  One s u b j e c t  s u f f e r e d  
l o s s  of t e e t n ,  appa ren t ly  due t o  damage t o  t h e  lamina dura of t he  jaws which 
show the  e a r l i e s t  e f f e c t s  i n  beag le s  g iven  t o x i c  doses of  plutonium. Another 
s u b j e c t  has gout .  The f u l l  medical h i s t o r y  of t h i s  group,  now most ly i n  
t h e i r  f i f t i e s ,  has  n o t  y e t  completely unfolded.  Only 12 of t hese  26 p lu -  
tonium workers were exposed t o  plutonium i n h a l a t i o n .  Which of t he  observed 
e f f e c t s  were experienced by t h e  i n h a l a t i o n  exposure group? Regardless  of 
t h e  d i s t r i b u t i o n ,  t h e  medical exper ience  of t h i s  smal l  group thus  f a r  provides  
no b a s i s  f o r  complacency about  t he  h e a l t h  consequences of plutonium exposure. 

"Hanford employees and o t h e r s  whose autopsy t i s s u e  samples exh ib i t ed  
plutonium l e v e l s  i n  excess  of  5 fCi /g  d i e d  mainly of coronary  h e a r t  d i s e a s e  
and o t h e r  ca rd iovascu la r  e f f e c t s  and t o  a l e s s e r  e x t e n t  of cancer  and 
pulmonary emphysema(47). ' I  



Comments: The a u t h o r ' s  d i scuss ion  h e r e ,  of what h e  c a l l s  " the l i m i t e d  

publ i shed  information" on plutonium workers wi th  ~? lu tonium organ burdens, 

cannot  be ca t egor i zed  a s  a  s c i e n t i f i c  a n a l y s i s  o r  d i s c u s s i o n  of  t he  problem, 

b u t  r a t h e r  a s  h i s  s u b j e c t i v e  r e a c t i o n  and opinion.  I n  ou r  opin ion  the  

Los Alamos workers wi th  plutonium burdens and t h e  au topsy  cases  i n  t h e  

Transuranium Reg i s t ry  do no t  c o n s t i t u t e  a n  adequate  sample f o r  t h e  assessment  

of t h e  inc idence  of any type of d i s e a s e .  We have n o t  and do no t  f e e l  t h a t  

i t  would be purposefu l  t o  compare t h e  inc idence  of v a r i o u s  d i s e a s e s  wi th  

t h e  n a t i o n a l  f i g u r e s  f o r  such small  samples. Adequate comparison d a t a  f o r  

t h e  inc idence  of  d i s e a s e  i s  n o t  a v a i l a b l e  f o r  morbidi ty  i n  t h e  l i v i n g  members 

of  t h e  Los Alamos group. The autopsy d a t a  may show s i g n i f i c a n t  b i a s  due 

t o  t h e  s e l e c t i o n  process  i n  ob ta in ing  ? e m i s s i o n  Eor a u t o p s i e s .  

Page 13 ,  l i n e s  2-6 - "Based on evidence reviewed above i t  appears  t h a t  
a t h e r o s c l e r o s i s  i s  a  cancer  of the a r t e r y  wa l l  and thus t h a t  coronary h e a r t  
d i s e a s e  and o t h e r  d i s e a s e s  of t he  ca rd iovascu la r  and r e n a l  system a r e  expected 
e f f e c t s  of inha led  plutonium and of o t h e r  i n s o l u b l e  a lpha  emi t t i ng  p a r t i c l e s . "  

Comments: Whereas p rev ious ly  t h e  au tho r  had r e f e r r e d  t o  t h e  human 

a t h e r o s c l e r o t i c  plaque of t he  a r t e r y  wa l l  a s  an a r t e r i a l  tumor ( a u t h o r ' s  

page l l ) ,  he he re  s t a t e s  t h a t  a t h e r o s c l e r o s i s  i s  a cancer  of t he  a r t e r y  

w a l l .  N o  evidence i s  presented  which i d e n t i f i e s  a t h e r o s c l e r o s i s  a s  a cancer .  

The "evidence" r e f e r r e d  t o  i s  a  d i s c u s s i o n  o f  t h e  a u t h o r ' s  op in ions  regard ing  

p a s t  and p r e s e n t  plutonium workers.  

This  sweeping g e n e r a l i z a t i o n  and s t r i n g  of presumptions a r e  poor ly  

founded, f o r  reasons  given a l r e a d y  i n  prev ious  co~nments above. 

Page 13, l i n e s  6-8 - "An adequate  assessment  of t he  magnitude of t hese  
r i s k s  can  only be obta ined  by a  comprehensive medical follow-up of  a l l  
p a s t  and p r e s e n t  plutonium workers." 



Comments: We f u l l y  ag ree  wi th  t h e  au tho r  t h a t  t h e r e  i s  need f o r  a  

proper  epidemiologic  s tudy  of workers wi th  plutonium burdens,  and ERDA i s  

now developing d e f i n i t e  p l ans  f o r  such a  s tudy .  The con t inua t ion  of such 

s t u d i e s ,  a s  w e l l  a s  t he  p e r t i n e n t  exper imenta l  r e s e a r c h ,  a r e  c e r t a i n l y  worthy 

of support  and encouragement. 

Page - 13, l i n e s  8-12 - "Unt i l  t h e  age  d i s t r i b u t i o n  of t hese  e f f e c t s  
among plutonium workers i s  f u l l y  a s s e s s e d ,  any c l a im by t h e  proponents of 
nuc lea r  energy t h a t  t h e r e  i s  l i t t l e  r i s k  a s s o c i a t e d  wi th  the  MPLB (maximum 
pe rmis s ib l e  lung burden) ,  16 nCi of plutonium, o r  f r a c t i o n  t h e r e o f ,  i s  
t o t a l l y  u n j u s t i f i e d . "  

Comments: The use of  t he  phrase  " these  e f f e c t s  among plutonium workers", 

wi thout  s p e c i f i c a t i o n ,  sugges ts  t h a t  t h e  au tho r  has  a l r e a d y  concluded o r  

presumed, on t h e  b a s i s  of " the l i m i t e d  publ i shed  informati.on" ( h i s  term on 

h i s  page I? ) ,  t h a t  a l l  of t h e  d e a t h s ,  causes of d e a t h ,  and d i s e a s e s  among 

plutonium workers t h a t  he mentions on h i s  pages 12 and 13 a r e  " e f f e c t s "  oE 

plutonium r a t h e r  than n a t u r a l  o r  o t h e r  s p e c i f i c  causes ,  d e s p i t e  s ta tements  

he  a t t r i b u t e s  t o  t he  i n v e s t i g a t o r s  of " the  medical exper ience  of  26 plutonium 

workers a t  Los Alamos (49 '50)"  t o  t h e  e f f e o t  t h a t  "none of t h e  medical f i nd ings  

f o r  t h a t  group can be a t t r i b u t e d  d e f i n i t e l y  t o  i n t e r n a l l y  depos i t ed  plutonium". 

On h i s  page 12 ,  t he  au thor  s t a t e s :  "With equal  j u s t i f i c a t i o n  one may s t a t e  

t h a t  most of t h e  s e r i o u s  medical f i n d i n g s  i n  t h i s  group can be a t t r i b u t e d .  

t o  plutonium", and t h i s  he s t a t e s  appa ren t ly  on t h e  b a s i s  of  h i s  examinat:ion 

of t h e  l i m i t e d  publ i shed  informat ion  and h i s  s p e c u l a t i o n s .  

Where o b j e c t i v e  s c i e n t i f i c  assessments  of r i s k  a r e  concerned, we do 

n o t  t h ink  t h a t  t h e  j u s t i f i c a t i o n  of t h e  assessments  o r  r e l a t e d  claims should 

depend on whether o r  n o t  one i s  a  proponent o r  opponent o f ,  o r  i n d i f f e r e n t  

t o ,  nuc l ea r  energy o r  i t s  a l t e r n a t i v e s .  



That any r i s k  a s s o c i a t e d  wi th  the  MPLB, o r  f r a c t i o n s  t h e r e o f ,  i s  

t o t a l l y  u n j u s t i f i e d  i s  an opin ion  of t h e  au tho r .  The evidence presented  

by the  au tho r  cannot be considered suppor t ive  of  h i s  conclus ions  i n  l i g h t  of  

t h e  preceding comments. The opin ion  t h a t  t h e r e  i s  no f r a c t i o n  of t h e  MPLB 

a t  which t h e  r i s k  becomes i n s i g i f i c a n t  appears  u n r e a l i s t i c .  

Page 13, l i n e s  12-14 - "The growing evidence sugges ts  t h a t  a s  l i t t l e  
a s  a  few p i c o c u r i e s  of a lpha  a c t i v i t y  i n  t h e  lung ,  i n  a r t e r i a l  t i s s u e ,  and 
i n  o t h e r  organs g ives  r i s e  t o  a s i g n i f i c a n t  cancer  r i s k . "  

Comments: I f  t h e  s t a t i s t i c s  r e l a t i n g  c i g a r e t t e  smoking and lung cancer  

a r e  t h e  b a s i s  f o r  t h e  s ta tement  concerning lung,  t h e r e  i s  s t i l l  a  ques t ion  

concerning the  r e l a t i v e  importance of  t h e  few p i c o c u r i e s  of a lpha  a c t i v i t y  

a s  compared wi th  t h e  in f luence  of  t h e  r e s t  of t he  smoke ( see  previous  

comments on the  a u t h o r ' s  page 2 ,  l i n e s  13-17).  The c a s e  f o r  cancer  r i s k  

i n  a r t e r i a l  t i s s u e ,  i f  i t  r e f e r s  t o  t h e  a u t h o r ' s  p o s t u l a t e  t h a t  a the ro -  

s c l e r o t i c  plaques a r e  a r t e r i a l  tumors, o r  cance r s ,  i s  poor ly  founded ( see  

previous  comments on t h e  a u t h o r ' s  pages 10 and 11 ) .  We a r e  n o t  c l e a r  what 

d a t a  has  been provided t o  suppor t  t h e  s ta tement  about  "o ther  organs t t , .which-  

eve r  t h e  au thor  meant by t h i s  term, and "a few p i c o c u r i e s  of a lpha  a c t i v i t y . "  

Page 13,  l i n e s  15-17 - "The publ i shed  evidence,  reviewed above, 
clearly i n d i c a t e s  t h a t  a l i n e a r  e x t r a p o l a t i o n  t o  lower doses and dose 
r a t e s  i s  n o t  conse rva t ive  f o r  i n t e r n a l  a lpha  e m i t t e r s . "  

Comments: L i t t l e  i n  t h i s  s ta tement  i s  c l e a r  w i th  r e s p e c t  t o  meaning: 

n o t  t he  "published evidence" o r  what i s  "reviewed above" t h a t  i s  p e r t i n e n t  t o  

t h e  s t a t emen t ,  no t  t h e  l e v e l  of dose o r  dose r a t e  (and a s s o c i a t e d  e f f i c i e n c y  

f o r  t h e  e f f e c t )  from which e x t r a p o l a t i o n  l i n e a r l y  i s  supposed t o  be "not 

conserva t ive" ,  no t  t he  shape of  t he  d o s e - e f f e c t  curve t h a t  i s  regarded 

a s  nonconservat ive a s  compared wi th  t h e  l i n e a r  one, n o t  t h e  meaning of  

"conservat ive",  no t  t h e  e f f e c t  being cons idered  i n  t h e  s t a t emen t ,  and not  t he  



kinds  of a lpha  e m i t t e r s  r e f e r r e d  t o  o r  t h e i r  p r o p e r t i e s .  Again, t h i s  i s  

a sweeping and poor ly  founded g e n e r a l i z a t i o n .  See a l s o  previous  comments 

on the  a u t h o r ' s  pages 4 and 5 .  

Page 13,  l i n e s  17-19 - "The i n i t i a l  e f f e c t s  of a lpha  i n t e r a c t i o n s  wi th  
c e l l  chromosomes a r e  i r r e v e r s i b l e  and thus  w i l l  va ry  l i n e a r l y  wi th  a lpha  
dose r a t e . "  

Comments: On h i s  page 3 ,  t he  au tho r  s t a t e s :  'When a lphas  i n t e r a c t  wi th  

t h e  chromosone o r  i t s  gene in  the  nucleus of t h e  c e l l ,  t h e  dense ion iza t ion  

i n  t he  t r a c k  of t he  a lpha  p a r t i c l e s  g i v e  r i s e  t o  c l o s e l y  spaced breaks which 

b r i n g  about a  wide v a r i e t y  of i r r e v e r s i b l e  chromosome s t r u c t u r a l  changes, I I 
o r  mutat ions.  X-ray and y-ray i n t e r a c t i o n s  g i v e  r i s e  t o  a  d i f f u s e  d i s t r i -  

bu t ion  of i o n s ,  r e s u l t i n g  i n  widely spaced i n d i v i d u a l  b re sks ,  most of which 

can  undergo r e p a i r  by recombining wi thout  s ~ r u c t u r a l  change. Thus permanent 

s t r u c t u r a l  changes f o r  x- rays  and y-rays a r e  p r o p o r t i o n a l  t o  t he  square  of I 
t h e  dose,  w i th  g r e a t l y  reduced inc idence  a t  low dose r a t e s .  By c o n t r a s t ,  

s t r u c t u r a l  changes r e s u l t i n g  from a lpha  i n t e r a c t i o n s  a r e  d i r e c t l y  p ropor t iona l  
I 

t o  t he  number of i n t e r a c t i o n s  and a r e  independent  of a lpha  i n t e r a c t i o n  r a t e s . "  

The proper  i n t e r p r e t a t i o n  o r  exp res s ion  of  t he  con ten t  of the quoted 

8 
s t a t emen t  under comment and t h e  quoted s t a t emen t s  i n  t h e  comments, i s  t h a t  I 
f o r  a lpha  r a d i a t i o n  t h e  inc idence  of induced chromosomal s t r u c t u r a l  changes I 
i n c r e a s e s  l i n e a r l y  ( p r o p o r t i o n a l l y )  wi th  i n c r e a s i n g  dose,  and a l s o  wi th  

dose r a t e  under r e a l i s t i c  c o n d i t i o n s  f o r  i n t e r n a l  a lpha  e m i t t e r s  where dose 

r a t e  and dose a r e  dependent upon amounts of a lpha  e m i t t e r  p re sen t .  On t h i s  

l i n e a r  r e l a t i o n s h i p  b a s i s  t h e  e f f e c t i v e n e s s  of  t he  a lpha  r a d i a t i o n  per  u n i t  

dose ( e f f i c i e n c y )  i s  independent of dose r a t e ,  a s  c o n t r a s t e d  wi th  the  dose- 

squared dose -e f f ec t  r e l a t i o n s h i p  f o r  x- o r  y- rays  and the  dependence of  

e f f e c t i v e n e s s  and e f f i c i e n c y  on dose s i z e  and dose r a t e .  However, i t  should 



be poin ted  ou t  t h a t  e i t h e r  t he  l i n e a r  o r  t he  dose-squared dose -e f f ec t  

r e l a t i o n s h i p  p e r t a i n s  only t o  t he  p o i n t  of s a t u r a t i o n  of e f f e c t ,  w i th  no 

f u r t h e r  i n c r e a s e  i n  t h e  s p e c i f i e d  e f f e c t  wi th  f u r t h e r  i n c r e a s e  i n  dose. 

Furthermore, a t  ve ry  low doses of a lpha  r a d i a t i o n ,  i f  t h e r e  were any r educ t ion  

i n  e f f i c i e n c y  of product ion of any p a r t i c u l a r  type of chromosomal e f f e c t  o r  

o t h e r  e f f e c t ,  which could be p o s s i b l e ,  t h i s  would i n d i c a t e  t he  p o s s i b i l i t y  

of  a n  e f f ec t - r educ ing  in f luence  of reduced dose - r a t e .  

Page 13,  l i n e s  19-22 - "However, t he  cumulativc~ e f f e c t s  of i n t e r n a l  
a lpha  e m i t t e r s  g ives  r i s e  t o  an i n c r e a s e  i n  t he  popula t ions  of mutated c e l l s  
( c e l l s  wi th  v i a b l e  s t r u c t u r a l  changes i n  t h e i r  chrornosomes) and i n  t he  
h e a l t h  consequences of such changes." 

Comments: This  i s  t r u e  i n s o f a r  a s  i t  means t h a t  t h e  i n c r e a s i n g  dose wi th  

cont inuous i r r a d i a t i o n  i n c r e a s e s  t h e  inc idence  of mutated c e l l s  capable  of 

reproduct ion ,  b u t  on ly  up t o  t he  p o i n t  a t  which the  cont inuing  i r r a d i a t i o n  

and inc reas ing  dose begins t o  s t e r i l i z e  o r  k i l l  more of such r ep roduc t ive ly  

capable  mutated c e l l s  than  i t  i s  producing. Compared wi th  x- o r  y- rays ,  

a lpha  p a r t i c l e s  a r e  h igh ly  e f f i c i e n t  f o r  k i l l i n g  o r  r ep roduc t ive ly  s t e r i l i z i n g  

c e l l s ,  s o  t h a t  f o r  equ iva l en t  dose parameters ,  t h e  f r a c t i o n  of c e l l s  su rv iv ing  

and capable of reproducing themselves a s  we l l  a s  ca r ry ing  chromosomal 

a b e r r a t i o n s  and muta t ions ,  i s  ve ry  small  f o r  a lpha  r a d i a t i o n .  But t h e  amount 

of t i s s u e  damage and d i s o r g a n i z a t i o n ,  which f e q u i r e s  l a r g e r  doses f o r  

product ion  than  does chromosomal a b e r r a t i o n  o r  mutat ion,  and which may a l s o  

be an  impor tan t  f a c t o r  i n  mechanisms of ca rc inogenes i s ,  i s  r e l a t i v e l y  g r e a t e r  

f o r  t h e  high LET a lpha  r a d i a t i o n .  

Page 13 ,  l i n e s  22-23 - "Therefore t he  tumor inc idence  per  a lpha  d i s -  
i n t e g r a t i o n  must i n c r e a s e  wi th  decreas ing  dose r a t e - "  



Comments: This  sen tence  seems en igmat ic ,  non-sequi tus  and perhaps 

incompatible  wi th  the  a u t h o r ' s  p rev ious  sen tence .  Perhaps i t  depends up0.n 

what t he  au tho r  means by h i s  newly i n j e c t e d  dose parameter ,  "per a lpha  

d i s i n t e g r a t i o n , "  a s  compared wi th  h i s  meaning of "dose" ( r a d ? )  and of 

"decreasing dose r a t e . "  I f  he  i n t e n d s  t o  mean by "decreasing dose r a t e "  t h e  

decreas ing  dose r a t e  i n  an organ wi th  i n c r e a s i n g  time a f t e r  a  g iven  a lpha  

e m i t t e r  burden t o  t h a t  organ, and then  in t ends  t o  r e l a t e  t h i s  lowered dose 

r a t e  wi th  t h e  delayed appearance of cancer  a f t e r  a  long l a t e n t  pe r iod ,  it 

should be poin ted  o u t  t h a t  the  e a r l i e r  h igh  dose r a t e  may be the  r a t e  more 

a s s o c i a t e d  wi th  the  cancer  i nduc t ion .  On t h e  o t h e r  hand, i f  he i n t ends  t:o 

mean a  comparison of d i f f e r e n t  dose r a t e s ,  i n i t i a l l y  o r  l a t e r  on, based on 

d i f f e r e n t  amounts of a lpha  e m i t t e r  burden g iven  t o  an organ i n i t i a l l y ,  then 

the  i n t e r p r e t a t i o n  of h i s  remark depends upon whether he i s  comparing high 

dose - high  dose r a t e  l e v e l s  which a r e  r e l a t i v e l y  i n e f f i c i e n t  f o r  cancer  pro- 

duc t ion  (by v i r t u e  of o v e r k i l l  of c e l l s )  ( s e e  c o m n t s  on the  a u t h o r ' s  pages 

4 ,  5 and 13) wi th  lower dose and dose r a t e  l e v e l s ,  o r  comparing d i f f e r e n t  

dose and dose r a t e  l e v e l s  i n  t he  r eg ion  of ascending dose-incidence 

r e l a t i o n s h i p .  

It should be poin ted  ou t  a g a i n  t h a t  t he  au thor  appa ren t ly  r ega rds  

chromosomal s t r u c t u r a l  changes o r  mutat ions i s  c o n s t i t u t i n g  the  mechanism 

of ca rc inogenes i s  and has  i n d i c a t e d  t h a t  t h e  chromosomal e f f e c t s  of a lpha  

r a d i a t i o n  a r e  d i r e c t l y  p r o p o r t i o n a l  t o  t he  number of a lpha  i n t e r a c t i o n s ,  

independent of a lpha  i n t e r a c t i o n  r a t e s ,  a2d vary  l i n e a r l y  wi th  a lpha  

dose r a t e .  The l i n e a r  r e l a t i o n s h i p  between e f f e c t  and dose o r  dose r a t e  

i n d i c a t e s  l ack  of dependence of e f f e c t  p e r  u n i t  dose on dose s i z e  o r  dose 



r a t e .  Therefore ,  i t  does no t  fo l low t h a t  tumor in.cidence per  u n i t  dose,  

on t h e  b a s i s  of  a  mechanism t h a t  has a  l i n e a r  dose -e f f ec t  r e l a t i o n s h i p ,  

w i l l  change w i t h  change i n  dose s i z e  o r  dose r a t e .  

Pa re  13,  l i n e s  23-26 - "For t h i s  reason a  g iven  cancer  r i s k  i s  equated 
w i t h  smal le r  cumulat ive a lpha  doses and wi th  much sma l l e r  i n t e r n a l  a lpha  
e m i t t e r  burdens a s  t h e  per iod  of exposure decreases .  

Comments: This  i s  a n  enigmatic  s ta tement ,  b u t  taken l i t e r a l l y  appears  

t o  be unfounded f o r  t h e  same reasons  given and r e f e r r e d  t o  i n  comments on 

t h e  previous  sen tences  on t h i s  page and on t h e  a u t h o r ' s  pages 4  and 5. 

- .  Page 14, l i n e s  1-9 - "By c o n t r a s t ,  t h e  c e l l u l a r  e f f e c t s  of X-rays and 
y- rays  a r e  l a r g e l y  r e p a i r a b l e  a t  low dose r a t e s .  This  stems from t h e  f a c t  
t h a t  t he  d i f f u s e  d i s t r i b u t i o n  of  i on  p a i r s  produced by such r a d i a t i o n  r e s u l t s  
i n  widely spaced s i n g l e  chromosome breaks which r e p a i r  themselves r e a d i l y .  
For t hese  r ea sons  the  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  of  a lpha  p a r t i c l e s ,  
compared t o  X-rays and y-rays inc reases  cont inuous ly  wi th  decreas ing  dose 
r a t e .  Thus a lpha  r a d i a t i o n  acqu i r e s  a  g r e a t l y  increased  b i o l o g i c a l  s i g n i f i -  
cance r e l a t i v e  t o  s o f t  r a d i a t i o n  i n  t he  product ion of tumors and o t h e r  h e a l t h  
consequences of  chromosomal s t r u c t u r a l  changes." 

Comments: The f i r s t  two sentences  of t h i s  paragraph a r e  e s s e n t i a l l y  

c o r r e c t .  The t h i r d  sen tence  i s  e s s e n t i a l l y  c o r r e c t ,  bu t  i t  should be poin ted  

o u t - a n d  emphasized t h a t  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  of  a lpha 

p a r t i c l e  i r r a d i a t i o n ,  compared t o  x - r a d i a t i o n  and y - r a d i a t i o n  a s  s t anda rds ,  

i n c r e a s e s  w i th  decreas ing  dose r a t e  n o t  because t h e  e f f e c t i v e n e s s  of a lpha  

r a d i a t i o n  changes wi th  change i n  dose r a t e  bu t  because the  e f f e c t i v e n e s s  of  

t h e  s tandard  r a d i a t i o n  (x- o r  y - r a d i a t i o n )  dGcreases w i th  decreas ing  dose 

r a t e .  The e f f e c t i v e n e s s  of  t he  a lpha  r a d i a t i o n  i s  independent of dose 

r a t e  and p r o p o r t i o n a l  t o  dose. 

The 4 t h  sen tence  of t h i s  paragraph i s  a l s o  s u b j e c t  t o  t h i s  q u a l i f i c a t i o n  

and t o  o t h e r s  of preceding c o m e n t s  r e l a t i n g  t o  i t .  



Page 14 ,  l i n e s  10 t o  Page 15,  l i n e  2 - "There a r e  s e v e r a l  o t h e r  l i n e s  
of evidence which r e i n f o r c e  t h e  p o s s i b i l i t y  t h a t  a lpha  i n t e r a c t i o n s  wi th  
c e l l s  p l ay  a  unique r o l e  i n  human cancer  product ion .  The d i s t r i b u t i o n  of 
cancer  s i t e s  i n  t he  b ronch i ,  i n  the  lymphatic system, i n  a r t e r i a l  t i s s u e ,  
i n  t he  l i v e r  and bone, a l l  involve  s i t e s  a t  which i n s o l u b l e  a lpha  e m i t t e r s  
a r e  known t o  accumulate.  Anomalously high concen t r a t ions  of a lpha  a c t i v i t y  
have been observed a t  the  b ronch ia l  cancer  s i t e s ( 5 1 ) ,  a t  cancer  s i t e s  
ad jo in ing  lymph g lands  i n  o t h e r  organs  ( 5 2 ,  53) i n  a t h e r o s c l e r o s i s  plaques 

(41-43) 

a t  l i v e r  cancer  s i t e s  i n  t h o r o t r a s t  p a t i e n t s ( 5 4 ) ,  a t  bone tumor s i t e s  i n  t h e  
, 

radium d i a l  workers(551, e t c .  The d i f f i c u l t i e s  of producing lun  cancer  
by e x t e r n a l  r a d i a t i o n  has been poin ted  o u t  by Warren and G a t e ~ ( ~ ~ 2 ~ ~ ) .  The 
absence of cancers  i n  muscular t i s s u e ,  except  a t  s i t e s  of t h o r o t r a s t  
i n j e c t i o n  o r  plutonium i n j e c t i o n ,  a l s o  i s  r e l e v a n t  t o  t h i s  i s s u e .  A l l  
o f  t hese  obse rva t ions  r e i n f o r c e  t h e  p o s s i b i l i t y  t h a t  one o r  more of the 
chromosomal s t r u c t u r a l  changes which c h a r a c t e r i z e  a malignant c e l l  must be 
brought about  by a lpha  i n t e r a c t i o n s  and n o t  by low i n t e n s i t y  X-rays o r  
y- rays .  I n  t h i s  connec t ion ,  t h e  de t e rmina t ion  of t h e  na tu re  of the  s t r u c t u r a l  
d i f f e r e n c e s  between t h e  h e a l t h y  and the  malignant  c e l l s  of  each organ could 
shed some l i g h t  on t h i s  important  ques t ion . ' '  

Comments: Tne f i r s t  sen tence  of t h i s  paragraph i n d i c a t e s  t h a t  t he  

paragraph w i l l  p r e s e n t  " . . . s eve ra l  o t h e r  l i n e s  of evidence which r e i n f o r c e  the 

p o s s i b i l i t y  t h a t  a lpha  i n t e r a c t i o n s  wi th  c e l l s  p l ay  a  unique r o l e  i n  human 

cancer  product ion."  

I f  t h e  au tho r  i n t e n d s  t h a t  t h e  word "unique" be used i n  t h e  s t r i c t  

s ense  of t he  word, e.g.  s i n g l e  o r  s o l e ,  i t  should be poin ted  o u t  t h a t  no 

type  of  r a d i a t i o n  e f f e c t  has  been observed which cannot  be caused by o t h e r  

agents  o r  c o n d i t i o n s ,  and t h a t  no type of  e f f e c t  o f  a lpha  r a d i a t i o n  has  been 

observed t h a t  cannot be caused by o t h e r  k inds  of  i o n i z i n g  r a d i a t i o n s .  The 

d i f f e r e n c e s  between e f f e c t s  of  v a r i o u s  types  of i o n i z i n g  r a d i a t i o n s  a r e  

q u a n t i t a t i v e  r a t h e r  than  q u a l i t a t i v e ,  and a r e  owing t o  d i f f e r e n c e s  i n  

r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s ,  LET, d i s t r i b u t i o n ,  e t c .  

The next  two sen tences  i n  t h e  paragraph r e f e r  t o  obse rva t ions  of h igh  

concen t r a t ion  of a lpha  a c t i v i t y  a t  s i t e s  of cance r .  I n  regard  t o  b ronch ia l  

cancer  s i t e s ,  the  au thor  r e f e r s  t o  a  paper  on d i s t r i b u t i o n  of polonium i n  



pulmonary t i s s u e s  of c i g a r e t t e  smokers. I n  r ega rd  t o  cancer  s i t e s  i n  the  

lymphatic system, t h e  au thor  r e f e r s  t o  a  paper  e n t i t l e d ,  "Only v e r t e b r a t e s  

w i th  a  lymphatic system a r e  s u b j e c t  t o  malignant  ciiseese," and t o  a  no te  t o  

t h e  Heal th Phys ics  Jou rna l ,  e n t i t l e d ,  "The 1ymphat:ic system--a s torehouse  

of long-s tay  d e p o s i t s  of inha led  r a d i o a c t i v e  p a r t i c l e s .  Although h igh  

concen t r a t ions  of plutonium a r e  seen i n  t h e  t r acheo-b ronch ia l  lymph nodes o f  dogs 

fo l lowing  t h e  i n h a l a t i o n  of plutonium, i t  i s  a n  urlusual s i t e  f o r  primary 

malignant  neoplasms. The most common neoplasm seen  under t h e s e  cond i t i ons  

i s  m e t a s t a t i c  from the  lung. The a u t h o r ' s  r e f e r e n c e s  t o  anomalously high 

concen t r a t ion  of a lpha  a c t i v i t y  i n  a t h e r o s c l e r o t i c :  p laques ,  which he has 

des igna ted  a s  a r t e r i a l  tumors, a r e  s u b j e c t  t o  prev ious  d e t a i l e d  comments on 

e a r l i e r  pages o f  h i s  paper.  The l i v e r  cancer  s i t e s  i n  t h o r o t r a s t  p a t i e n t s  

agree  we l l  w i t h  the  d e p o s i t i o n  of adminis te red  s i z e a b l e  amounts of thorium 

oxide  and t h e  consequent t i s s u e  damage, a s  do t h e  bone tumor s i t e s  i n  radium 

d i a l  workers ag ree  we l l  w i th  t h e  d e p o s i t i o n  of s i z e a b l e  amounts of i nges t ed  

bone,-seeking a lpha  e m i t t e r s  and the  consequent bone damage. 

The 4 t h  sen tence  of t h e  paragraph s t a t e s :  "The d i f f i c u l t i e s  of producing 

lung cancer  by e x t e r n a l  r a d i a t i o n  has  been poin ted  ou t  by Warren and Gates ( 3 5 , 3 6 )  ,, 

Such exper imenta l  d i f f i c u l t i e s  have more t o  do wi th  spec i e s  and s t r a i n s  of  

an imals ,  g e t t i n g  h igh  enough r a d i a t i o n  doses from e x t e r n a l  sources  i n t o  t h e  

lungs  o r  i n t o  what may be a p p r o p r i a t e  lung s t r u c t u r e s  f o r  t he  s p e c i e s  and 

s t r a i n  of animal ,  without  s e v e r e l y  damaging too  much lung t i s s u e  i n  o t h e r  

ways o r  o t h e r  t i s s u e s  between t h e  r a d i a t i o n  sou rce  and the  lung and thereby  

caus ing  competing e a r l i e r  causes  of dea th  than the  tumors of i n t e r e s t .  

Some l a b o r a t o r i e s  have been producing lung tumors i n  exper imenta l  animals by 

means of r a d i a t i o n  from e x t e r n a l  sou rces .  There h.ave a l s o  been r e p o r t s  of epidemio 

l o g i c a l  s t u d i e s  showing inc reased  inc idence  of lung tumors i n  human beings 



fol lowing i r r a d i a t i c n  from e x t e r n a l  sources .  The a u t h o r ' s  s ta tement  should 

n o t  be taken t o  mean t h a t  r a d i a t i o n  from e x t e r n a l  sources  cannot cause  lung 

cancer .  

The 5 th  sen tence  of t h i s  paragraph s t a t e s :  "The absence of cancers  

i n  muscular t i s s u e ,  except  a t  s i t e s  of t h o r o t r a s t  i n j e c t i o n  o r  plutonium 

i n j e c t i o n ,  a l s o  i s  r e l e v a n t  t o  t h i s  i s sue . "  The au tho r  does not  develop 

f u r t h e r  the  re levance  o r  t h e  i s s u e  r e f e r r e d  t o ,  o r  i n d i c a t e  t he  types o f  

cancers  t o  which he i s  r e f e r r i n g .  This  s t a t emen t  should no t  be taken t o  

mean t h a t  o t h e r  r a d i o a c t i v e  i s o t o p e s  i n j e c t e d  i n t o  s i m i l a r  r e g i o n s ,  o r  

i r r a d i a t i o n  from e x t e r n a l  sources  i n  one o r  ano the r  mode, cannot cause 

s i m i l a r  cance r s .  

I n  t h e  6 th  sen tence  of t h i s  paragraph ,  perhaps the  au thor  i s  g iv ing  t h e  

purpose f o r  h i s  prev ious  two sen tences .  He s t a t e s :  " A l l  of t hese  obser -  

v a t i o n s  r e i n f o r c e  the  p o s s i b i l i t y  t h a t  one o r  more of  t h e  chromosomal changes 

which c h a r a c t e r i z e  a  malignant cel.1 must be brought  about  by a lpha  i n t e r -  

a c t i o n s  and no t  by low i n t e n s i t y  x - r ays  o r  y-rays."  Although t h i s  sen tence  

has en igmat ic  c h a r a c t e r i s t i c s ,  a  mixture  o f  confus ing  q u a l i f i c a t i o n s ,  we 

w i l l  t ake  i t  l i t e r a l l y  and s t a t e  t h a t  i t  i s  n o t  we l l  founded and i s  neg- 

l e c t f u l  o f  the  evidence f o r  x - r ay  and y-ray i n d u c t i o n  of muta t ions ,  chrorno- 

soma1 a b e r r a t i o n s ,  and cancer .  

Page 15,  l i n e s  3-13 - "It i s  a l s o  observed t h a t  t h e  r e l a t i v e  s i g n i f i -  
cance of chemical a g e n t s ,  v i r u s e s  and r a d i a t i o n  i n  t h e  inc idence  of human 
cancer  i s  no t  known. D e t a i l s  of t h e  mechanisms of  cancer  i nduc t ion  by 
chemical agen t s  and v i r u s e s  a l s o  a r e  poor ly  understood.  And the  proposed 
chemical carc inogens  i n  c i g a r e t t e  smoke and i n  p o l l u t e d  urban environments 
have no t  been deinonstrated t o  be ca rc inogen ic  a t  t he  low concen t r a t ions  
involved.  For a l l  of these  reasons  i t  i s  deened l i k e l y  t h a t  r a d i a t i o n ,  
and a lpha  r a d i a t i o n  i n  p a r t i c u l a r ,  may be t h e  p r i n c i p a l  agent  of human 
cance r .  I n  view of such a  p o s s i b i l i t y ,  i t  i s  ve ry  d i s t u r b i n g  t o  no te  th.at 
t h e  U.S. Nat iona l  Cancer I n s t i t u t e ,  now spending about  one-half  b i l l i o n  
d o l l a r s  pe r  year  on cancer  r e s e a r c h ,  has  completely neg lec t ed  t h e  f i e l d  of 
r a d i a t i o n  induced cancer  r e sea rch . "  



Comments: I t  i s  obvious ly  t r u e  t h a t  " the  r e l a t i v e  s i g n i f i c a n c e  of 

chemical a g e n t s ,  v i r u s e s  and r a d i a t i o n  i n  t h e  inc idence  of  human cancer  i s  

n o t  known. " 

It i s  t r u e  t h a t  t he  " d e t a i l s  of t h e  mechanisins of cancer  i nduc t ion  by 

chemical agen t s  and v i r u s e s  a l s o  a r e  poor ly  understood." However, we would 

p o i n t  o u t  t h a t  many e x p e r t s  i n  ca rc inogenes i s  would r ega rd  t h e s e  mechanisms 

as b e t t e r  understood than  t h e  mechanisms of cancel: i nduc t ion  by r a d i a t i o n .  

The 3rd sen tence  of t h i s  paragraph s t a t e s  f l a t l y  and wi thout  e l a b o r a t i o n  

t h a t  "the proposed chemical carc inogens  i n  c i g a r e t t e  smoke and i n  po l lu t ed  

urban environments have not  been demonstrated t o  be ca rc inogen ic  a t  t h e  low 

concen t r a t ions  involved." Even i f  t h i s  were t rue , ,  i t  may be only  a  ques t ion  

of more time and i n v e s t i g a t i o n ,  a s  i t  has  been wit:h understanding the  e f f e c t s  

of  r a d i a t i o n .  Furthermore, t h e  same might be s a i d  f o r  t h e  low a lpha  r a d i a t i o n  

a c t i v i t y  by i t s e l f  i n  regard  t o  c i g a r e t t e  smoke, a.s compared wi th  the  e f f e c t s  

of  t h e  r e s t  o f  t h e  smoke ( see  previous  comments on the a u t h o r ' s  page 2 ) .  

The f o u r t h  sen tence  of t h i s  paragraph s t a t e s :  "For a l l  of t hese  reasons  

i t  i s  deemed l i k e l y  t h a t  r a d i a t i o n ,  and a lpha  r a d i a t i o n  i n  p a r t i c u l a r ,  may 

be the p r i n c i p a l  agent  of human cancer  ." The "reasons" r e f e r r e d  t o  i n  this 

paragraph,  even i f  they were t r u e ,  would h a r d l y  be r easons  f o r  anything b u t  

f u r t h e r  r e s e a r c h ,  and they  c e r t a i n l y  do n o t  provide  an  accep tab le  s c i e n t i f i c  

b a s i s  f o r  t h i s  enormously sweeping g e n e r a l i z a t i o n  and summary d i s m i s s a l  of 

a l l  o t h e r  known and suspec ted  agen t s  and c o n d i t i o n s  which may cause o r  h e l p  

t o  cause human cancer .  

The f i f t h  sen tence  impl ies  t h a t  NCI has g r e a t e r  i n t e r e s t  i n  e t i o l o g i c a l  

f a c t o r s  o t h e r  than  r a d i a t i o n  b u t  a s c r i b e s  t h i s  i n t e r e s t  t o  a  mi sd i r ec t ion  

of  the  NCI program. 



Page 15 ,  l i n e s  14-16 - "Published evidence (39-45) i n d i c a t e s  t h a t  
a t h e r o s c l e r o s i s  i s  a  tumor of t he  a r t e r y  wa l l  and t h a t  t h e  a lpha  a c t i v i t y  
a t  t h e  c a l c i f i e d  plaque s i t e  i s  l i k e l y  t o  be t h e  mutagenic agent . "  

Comments: This  "evidence" has a l r e a d y  been reviewed. Nowhere i s  

evidence presented  t h a t  a t h e r o s c l e r o s i s  i s  a  tumor of  t h e  a r t e r y  w a l l  o r  

t h a t  a lpha  a c t i v i t y  i s  l i k e l y  t o  be t h e  mutagenic agen t .  This  s ta tement  i.s 

p resented  a s  f a c t ,  whereas i t  i s  t h e  a u t h o r ' s  op in ion .  

Pape 15,  l i n e s  16-19 - "If so  the major causes  of dea th  i n  t he  gene ra l  
popu la t ion  - coronary d i s e a s e ,  o t h e r  c a n c e r s ,  and s t r o k e s  - may i n  l a r g e  
p a r t  be a t t r i b u t a b l e  t o  i n t e r n a l  a lpha  e m i t t e r s  from n a t u r a l  and p o l l u t a n t  
sources .  ' I  

Comments: The phrase " I f  so" c o n d i t i o n s  the  remainder of t he  sen tence  

t o  be t r u e  only  i f  t he  preceding sen tence  i s  f a c t u a l ,  which has y e t  t o  be 

proven. The sweeping g e n e r a l i z a t i o n  i s  poor ly  founded, a s  has  been pre-  

v i o u s l y  d iscussed .  

Page 15, l i n e s  19-21 - " I f  s o ,  f a l l o u t  plutonium and a lpha  e m i t t i n g  
contaminants  must a l r e a d y  be c o n t r i b u t i n g  t o  i nc reased  h e a l t h  r i s k s  and 
l i f e  sho r t en ing  t o  t h e  gene ra l  publ ic . "  

Comments: Again t h e  sen tence  i s  a  c o n d i t i o n a l  one based upon the  preceding 

c o n d i t i o n a l  sen tence .  By t h i s  t ime t h e  a u t h o r ' s  conclus ions  have progressed  

cons ide rab ly  beyond t h e  d a t a  p re sen ted  i n  h i s  r e f e r e n c e s .  The au tho r  has 

n o t  presented  any evidence t o  suppor t  t h i s  suppos i t i on .  

Page 15 ,  l i n e s  21-26  - "Ciga re t t e  smoking causes  i nc reased  r i s k s  of 
e a r l y  c o r o n a r i e s ,  lung cancer ,  cancers  a t  o t h e r  s i t e s ,  and o t h e r  h e a l t h  
e f f e c t s ( 4 6 ) ,  wi th  about  15 yea r s  r educ t ion  i n  l i f e  expectancy f o r  those  
who r e g u l a r l y  smoke 2 packs of c i g a r e t t e s  per  da o r  more ( a t t r i b u t a b l e  to 

2 18 lung burdens of on ly  about  f i v e  p i c o c u r i e s  of Po i n  excess  of t h a t  of 
nonsmokers) . 

Comments: The au tho r  f l a t l y  s t a t e s  t h e  p a r e n t h e t i c a l  express ion  a s  i f  

i t  were f a c t .  There i s  complete d i s r e g a r d  f o r  any and a l l  mechanisms of 

cancer  i nduc t ion  o t h e r  than  t h a t  p o s t u l a t e d  by t h e  au tho r .  



Page 15 ,  l i n e  28 t o  Page 16,  l i n e  3 - "A1thoup;h t h e s e  l e v e l s  a r e  only 
about  10  pe rcen t  of t he  2 1 0 ~ 0  organ burdens of heavy smokers, t h e  e f f e c t s  
may be cor respondingly  g r e a t e r  because the  t o t a l  popula t ion  i s  exposed, and 
t h e  i n h a l a t i o n  exposures begin a t  b i r t h . "  

Comments: The author  h e r e  s t a t e s  t h a t  t h e  " e f f e c t s  (due t o  f a l l o u t )  

may be cor respondingly  g r e a t e r  ( t h a n  those  due t o  c : igare t te  smoke) ." The 

sentence  imp l i e s  a s  f a c t  t h a t  h e a l t h  e f f e c t s  r e s u l t ~ i n g  from smoking a r e  

due t o  2 1 0 ~ o  organ burdens ; t h i s  u n v e r i f i e d  asswnpi~ion i s  t h e  au tho r  ' s. 

Page 16, l i n e s  4-12 - "I f  t he  h e a l t h  r i s k s  a t t r i b u t a b l e  t o  f a l l o u t  
plutonium exceed 10 pe rcen t  of t he  r i s k s  of heavy smoking, then i n h a l a t i o n  - .  

exposure a t"20  t i n e s  f a l l o u t  ( t h e  s u r f a c e  s o i l  concen t r a t ion  of plutonium 
which corresponds t o  t he  i n t e r i m  s o i l  s tandard  adopted by the  Colorado 
Board of Heal th i n  1973) would g i v e  r i s e  t o  organ burdens more than  twice  
t h a t  of heavy smokers. Exposing c h i l d r e n  t o  such l e v e l s  would be tantamount 
t o  t h e i r  smoking f o u r  packs of c i g a r e t t e s  pe r  day, beginning a t  b i r t h .  This  
e s t i m a t e  assumes, a s  I b e l i e v e  t o  be t h e  c a s e ,  t h a t  t he  inha led ,  i n s o l u b l e  
r a d i o a c t i v e  smoke p a r t i c l e s  g i v e  r i s e  t o  t h e  s e r i o u s  h e a l t h  e f f e c t s  of smoking." 

Comments: Such numbers r e l a t i o n s h i p s  have l i t t l e  meaning when t h e  b a s i c  

assumptions a r e  so  poor ly  founded ( s e e  e a r l i e r  comments). The au tho r  i s  

b u i l d i n g  assumption upon assumption, which he acknowledged i n  l i n e s  10-12. 

Page 16,  l i n e s  13-21 - "For the  e s t i m a t e  of organ burdens h i c h  nay 
r e s u l t  from t h e  i n h a l a t i o n  of  s o i l  contaminants ,  i t  i s  common p r a c t i c e  t o  
a t tempt  t o  determine the  average s u r f a c e  s o i l  c o n c e n t r a t i o n s ,  t he  a p p l i c a b l e  
resuspens ion  f a c t o r s ,  i n h a l a t i o n  exposure p a t t e r n s ,  p a r t i c l e  s i z e  d i s t r i -  
b u t i o n s ,  lung r e t e n t i o n ,  c l ea rance  and t r a n s l o c a t i o n  p a t t e r n s  and r a t e s ,  e t c .  
T h e  l a r g e  curnulati.ve e r r o r s  and u n c e r t a i n t i e s  i n  t h e  p r e d i c t i o n  of the  
u l t i m a t e  organ burdens from long-term exposure t o  contaminated s u r f a c e  s o i l s  
and urban d u s t s  by such a  long sequence of complex: p roces ses  s e rve  t o  make 
t h i s  procedure an almost  u s e l e s s  exe rc i se . "  

- Comments: While we agree  t h a t  t h e r e  a r e  u n c e r t a i n t i e s  i n  t h e  procedures  

which t h e  au tho r  d e s c r i b e s ,  we do no t  a g r e e  wi th  t:he a u t h o r ' s  op in ion  t h a t  

such c a l c u l a t i o n s  a r e  u s e l e s s  e x e r c i s e s .  Where u n c e r t a i n c i e s  e x i s t ,  e f f o r t s  

a r e  made t o  be conse rva t ive ,  thereby  overes t imat i r lg  any p o t e n t i a l  hzzard .  

Because of t h i s  procedure,  any e r r o r s  a r e  l i k e l y  t:o be i n  t h e  d i r e c t i o n  of  

conservat ism.  



Page 17, l i n e s  5-8 - "For t h i s  r ea son ,  s u r f a c e  s o t l s  w i t h  one p i c o c u r i e  
of plutonium per  gram ( t h e  Colorado i n t e r i m  s o i l  s tandard)  should con ta in  
an  egt imated 10 t o  100 pCi of plutonium pe r  gram of i n s o l u b l e  s o i l  p a r t i c l e s  
of r e s p i r a b l e  s i z e .  I '  

Comments: The conclus ion  a g a i n  i s  a  suppos i t i on  of t he  au thor  f o r  

which no evidence i s  p re sen ted ,  a s  i s  suggested by the  word "should." 

Page 17,  l i n e s  8-11 - "Such a  s o i l  l e v e l  should lead  t o  plutonium lung 
burdens of 5  t o  50 p i c o c u r i e s  by age 20, o r  15 t o  1.50 p i cocur i e s  by age 
60, wi th  correspondingly h igher  concen t r a t ions  i n  t he  lymph nodes, l i v e r  and 
bone. I '  

Comments: This  obse rva t ion  fo l lows  i f  the  premise upon which i t  i s  

based i s  t r u e  ( s e e  comments above) .  

Page 17, l i n e s  11-13 - "Thus t h e  Colorado i n t e r i m  s o i l  s tandard  i s  
h a r d l y  a  s a f e  of accep tab le  s t anda rd  un le s s  i t  can be shown t h a t  such l e v e l s  
of  plutonium have no s e r i o u s  long term h e a l t h  e f f e c t s . ' '  

C o m m e n t s :  A s s u m i n g  t h e  preceding a s s u m p t i o n s  t o  be fact, t h e  au thor  

now s t a t e s  t h a t ,  "Thus.. ." This  conc lus ion  i s  no more v a l i d  than  the  

assumptions upon which i t  r e s t s ,  f o r  which no evidence i s  p re sen ted .  

Page 17,  l i n e  20-25 - "Thus t h e  h igh  tumor r i s k  f o r  t he  ho t  2 3 8 ~ u 0 2  
p a r t i c l e s ( l l )  can be v a r i o u s l y  a t t r i b u t e d  t o  ( a )  t he  m o b i l i t y  of the  
sma l l e r  p a r t i c l e s  (b)  the  r e c o i l  a b l a t i o n  and/or  d i s s o l u t i o n  r a t e s  
which i n c r e a s e  wi th  s p e c i f i c  a c t i v i t y  and wi th  su r f ace  a r e a  of  ho t  p a r t i c l e s  
and ( c )  the  i r r a d i a t i o n  of  l a r g e r  numbers of c e l l s  w i t h  s c a t t e r e d  pro tons  
(an e f f e c t  t h a t  may be s i g n i f i c a n t  f o r  v e r y  h o t  p a r t i c l e s ) . "  

Comments: The r e f e r e n c e  t o  " the  h o t  2 3 8 ~ u 0  p a r t i c l e s  (1l)I l  is mis- 
2 

l e ad ing .  As was s t a t e d  p rev ious ly  ( s e e  a u t h o r ' s  page 8 ,  l i n e s  9-11) ,  t he  

m s t e r i a l  used was n e i t h e r  2 3 8 ~ u 0  nor i n  p a r t i c u l a t e  form ( s e e  comments on t h e  
2  

a u t h o r ' s  page 4, l ines  3-%>. Furthermore, t he  a u t h o r '  s  d e f i n i t i o n  of "hot . .  . 
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p a r t i c l e s "  h e r e  i s  no t  c l e a r .  It i s  t he  "monomeric" Pu, wi th  i t s  conse- 

quent  exposure of more " ' t a r g e t '  e p i t h e l i a l  c e l l s "  which r e fe rence  11 a t t r i - ,  

bu t e s  a s  t h e  cause of t he  h ighe r  tumor inc idence .  Recoi l  a b l a t i o n ,  

s c a t t e r e d  p ro tons ,  e t c .  a r e  n o t  d i scussed  i n  r e f e rence  11. 



Page 18, l i n e s  1-4 - "For these  reasons ,  the  inso lub le  alpha emit t ing  
smoke p a r t i c l e ,  uranium oxide,  thorium oxide and o t h e r  alpha emit t ing  
p a r t i c l e s  of moderate t o  low s p e c i f i c  a c t i v i t y  may be expected t o  g ive  r i s e  
t o  a  higher tumor r i s k  per  alpha d i s i ~ t e g r a t i o n  o r  f o r  a  given cumulative 
dose . I t  

Comments: It i s  not a t  a l l  obvious what "these: reasons" a r e ,  nor what 

they do o r  a r e  supposed t o  support.  I f  the  "reasons;" a r e  what immediately 

precedes the  statement,  the re  i s  l i t t l e  upon which t:o base a  judgment o the r  

than the  assumptions upon which the  author bases h i s  specula t ions .  I f  the  

I t  reasons" a r e  the  preceding 17 pages, these  have been discussed i n  d e t a i l  

previous ly .  

Page 18,  l i n e s  5-7 - "Similarly plutonium-239 i n  mixed f a l l o u t  p a r t i c l e s  
m y  be ex ec ted  t o  produce more tumors per  d i s i n t e g r a t i o n  than i s  the  case  
f o r  pure 538PuO2 and 2 3 9 ~ u 0 ~ . ~  

Comments: That t h i s  "may be expected t o  produce more tumors per  d i s -  

in teg ra t ion"  depends upon the  v a l i d i t y  of the  assumptions of the  author.  

Page 18, l i n e s  7-11 - "However although l a r g e r  burdens of hot  p a r t i c l e s  
w i l l  be requi red  f o r  a  given tumor r i s k ,  such r i s k s  can be expected t o  
inc rease  with both alpha s p e c i f i c  a c t i v i t y  and with p a r t i c l e  surface  a rea ,  
and the  e f f e c t s  should occur e a r l i e r  f o r  a  given bu.rden of smaller  p a r t i c l e s  
of h igher  s p e c i f i c  a c t i v i t y . "  

Comments: This sentence i s  enigmatic,  s t a r t i n g  with "a given tumor 

risk" which is subsequently variable, ending with "a given burden" which 

e a r l i e r  was l a r g e r  ( l a r g e r  than what i s  no t  s t a t e d ) ,  and meanwhile varying 

s p e c i f i c  a c t i v i t y ,  su r face  a rea  and time. Nor i s  i t  c l e a r  t h a t  i t  i s  

c o n s i s t e n t  with the  two preceding sentences and e a r l i e r  s ta tements  regarding 

t h e  r e l a t i v e  r i s k  of high s p e c i f i c  a c t i v i t y  versus  low s p e c i f i c  a c t i v i t y  

p a r t i c l e s .  

Page 18, l i n e s  12-15 - "The above considera t ions  make i t  obvious t h a t  
the  p resen t  p r a c t i c e  of averaging the  alpha dose over the  whole lung o r  
some a r b i t r a r y  f r a c t i o n  thereof(  10-13) i s  a  h ighly  ques t ionable  and g ross ly  
misleading procedure a t  bes t . "  
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Comen t s :  There i s  no th ing  "obvious" about  t h e  "above c o n s i d e r a t i o n s , , "  

whether  "above" r e f e r s  t o  t h e  same page o r  t o  t h e  preceding  17 pages ( s e e  

a l s o  comments on t h e  a u t h o r ' s  page 13 ,  l i n e s  15-17) .  These "cons idera t ions"  

c o n s i s t  o f  a  s t r i n g  of  h y p o t h e t i c a l  assumptions which t h e  au thor  p o r t r a y s  

a s  f a c t  and upon which he bases  h i s  conc lus ions .  





U n c l a s s i f i e d  

U n c l a s s i f i e d  
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