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PLUTONICN ASD OTHER ACTINIDE ELEXENTS IN 

GONADAL TISSUE OF I-UN AND AKPIALS 

Running t i t l e :  Plutonium i n  Gonads 

* 
C .  R .  R I C W O N D  and R. L. THOMS 

Hea l th  D i v i s i o n ,  Los Alamos S c i e n t i f i c  L a b o r a t o r y  

U n i v e r s i t y  of  C a l i f o r n i a ,  Los  Alarnos, New Flexico 87544 

(Rcce.Lvcd 7974) 

ABSTRACT--This r e p o r t  summarizes a v a i l a b l e  i n f o r m a t i o n  on t h e  gonadal  
c o n t e n t  of mamalian s p e c i e s  g iven  v a r i o u s  a c t i n i d e  elements by v a r i o u s  
r o u t e s  of a d m i n i s t r a t i o n .  Emphasis i s  p laced  on p lu tonium.  Also 
d i scussed  is  t h e  contemporary l e v e l  of plutonium from n u c l e a r  weapons 
f a l l o u t  i n  human s u b j e c t s .  
plutonium found i n  t h e  gonads (FABG) of f i v e  mammalian species f o l l o w i n g  

between t h e  h i g h e s t  and l o w e s t  v a l u e s  t o  a l l o w  f o r  d i f f e r e n c e s  between 
sexes, among s p e c i e s  o r  as  a function of t i n e  f o l l o w i n g  i n j e c t i o n .  FABG 
v a l u e s  tend t o  be smaller i n  t h e  female ,  as compared w i t h  t h e  m a l e ,  and 
fo l lowing  i n h a l a t i o n  o r  subcutaneous  implant .  
a c t i n i d e s  are  - q u a l i t a t i v e l y  sim&lar t-0- t h a t  f o r  p lu tonium.  The gonada l  

p l u t o n i u m  c o n c e n t r a t i o n s  from f a l l o u t  i n  Unit6?ITTZZZ7iiKsidents  are 
about  0.5 pCi/kg,  n o t  u n l i k e  t h a t  r e p o r t e d  f o r  o t h e r  s o f t  t i s s u e s ,  
e x c e p t  t h o r a c i c  lymph nodes ,  and bone. 

The f r a c t i o n  of the a d m i n i s t e r e d  burden of 

. i n t r avenous  i n j e c t i o n  was abou t  3 x w i t h  o n l y  a b o u t  a f a c t o r  of 10 

Data on  the FABG for o t h e L  

* 
P r e s e n t  addres s :  Oak Ridge Na t iona l  Labora to ry ,  P o s t  O f f i c e  Box X ,  
Oak Ridge,  Tennessee  37830. 
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A r e c e n t  review of  b iomed ica l  r e s e a r c h  r e l a t e d  t o  p l u t o n i m  WCLS conspicuous  

i n  t h a t  i t  con ta ined  no r e f e r e n c e  t o  work on p o s s i b l e  g e n e t i c  o r  t e r a t o g e n i c  

e f f e c t s  ( B U R  and THOWSON, 1974) .  Another  r e c e n t  survey  of t h e  l i t e r a t u r e  

on t h e  b i o l o g i c a l  e f f e c t s  of  t h i s  irrrportant e lement  i n d i c a t e d  t h a t  r i s k  t o  man 

from i n t e r n a l l y  d e p o s i t e d  p lu tonium i n v o l v e s  only l u n g ,  l i ve r  and bone and 

some o t h e r  somat i c  r e sponses  (THO?PSON et a:., 1972) .  However, o t h e r  i nves -  

t i g a t o r s  have  n o t e d  concern f c r  p o s s i b l e  somat i c  and g e n e t i c  e f fec ts  of P lu to -  

nium l o c a l i z e d  i n  gonadal t i s s u e  (KREY e t  a l . ,  1962; ULLBERG et aZ., 1962;  

MORROW et aZ., 1967;  NATSUOKA e t  a l . ,  1972;  OVCHAEENKO, 1972;  TAYLOR, 1972; 

TAYLOR et al., 1972) .  

STANNARD (1973) ,  i n  a review of p lu ton ium i n  t h e  envi ronment ,  n o t e s  t h e  follow- 

i n g  i n  t h e  conc lud ing  s e c t i o n  of t h e  pape r  under t h e  head ing  of F u t u r e  P o r t e n t s :  

'Vhile h a r d l y  t o  b e  expec ted  from p lu ton ium w e  cannot  e l i m i n a t e  g e n e t i c  changes 

as a p o s s i b l e  long-term result of con tamina t ion  o f  t h e  b i o s p h e r e  w i t h  o t h e r  

r a d i o n u c l i d e s .  Exper imenta l  work i n  t h i s  area is a lmost  non-&scent ,  in con- 

t rast  t o  the e x t e n s i v e  s t u d i e s  w i t h  external r a d i a t i o n . "  

It i s  known t h a t  p lu tonium does r e a c h  t h e  gonadal  t i s s u e  of man (LANGHAM et aZ., 

1950;  KREY et az., 1962; TAKIZAWA and SUGAI, 1971; DURBIN,  1 9 7 2 ;  TAKXZAWA, 1973; 

CAMPBELL e& aZ., 1974; TAYIZAIJA et aZ., 1974) and t h a t  i t  can c r o s s  t h e  p l acen -  

tal barrier of  rats (MOSKALEV at al., 1969;  SIKOV and ILAHLU?I, 1968) and the 

p z g n a n t  human female (OKABAYASHI and WATANABE, 1973) .  

g e s t e d  t h a t  a l l  plutonium r e a c h i n g  t h e  f e t u s  i s  i n  monomeric form ( H O W D ,  1969).  

Few d a t a  are a v a i l a b l e  on b i o l o g i c a l  changes r e s u l t i n g  from p lu ton ium depos i -  

It h a s  also been  sug- 

t i o n  i n  gonadal  t i s s u e  o r  t h e  effects  of such  changes.  

r e p o r t e d  a seminoma of  t h e  tes tes  i n  a rat  59 w k  a f t e r  an i n i t i a l  i n j e c t i o n  of 

BEKSTED et aZ. (1965) 



1 V C i  239Pu/kg ,  fo l lowed  by f o u r  doses o f  0.5 p C i / k g  a t  1 4 4  i n t e r v a l s .  

Experiments u s i n g  b o t h  r a t s  and  mice demons t r a t ed  t h e  r e sponse  of t h e  testes 

t o  doses of p lu ton ium t h a t  r e s u l t e d  i n  e a r l y  l e t h a l i t y  (HELLEP,, 1948;  FINK, 

1950; SOSYURNIKOVA, 1961)  . Dis rup t ion  of s p e r m a t o g e n e s i s  w a s  r e p o r t e d  for 

r a b b i t s  g iven  239Pu i n t r a v e n o u s l y  a t  doses  of 14 o r  2 1  pCi/kg by KOSHURtYIKOVA 

(1961) .  For smaller i n j e c t i o n  l e v e l s  ( 2  and  7 p C i / k g ) ,  t h e  r e sponse  w a s  

decreased  and i n t e r m i t t e n t  i n h i b i t i o n  o f '  s p e r m a t o g e n e s i s  w a s  observed .  However, 

one must keep i n  mind t h a t  t h e s e  a r e  l a r g e  d o s e s .  

n i n e  b e a g l e s  i n j e c t e d  w i t h  2 . 9  Y C i  239Pu/kg a t  Utah d i e d  of os teosarcoma a t  & 

For comparison, s even  of 

average  t ime of 4 y r  p o s t - i n j e c t i o n  (MAYS et aZ. , 1969) .  

There is l i t t l e  i n f o r m a t i o n  on t h e  long- te rm g e n e t i c  e f f e c t s  of damage from 

plutonium d e p o s i t e d  i n  t h e  ovaries, a l though  o v a r i a n  damage has been r e p o r t e d  

i n  mice f o l l o w i n g  i n j e c t i o n  of l a r g e  doses  (30 uCi/kg) of 239Pu (BLOOM, 1948).  

Ovarian damage was s e e n  i n  some bu t  not a l l  mice i n j e c t e d  wi th  3 pCi 239Pu/kg. 

Damaged f o l l i c l e s  were a l s o  observed i n  r a b b i t s  g iven  14 o r  2 1  p C i  239Pu/kg 

by i n t r a v e n o u s  i n j e c t i o n  (KOSHLWTKOVA, 1961).  For doses of 2 o r  7 pCi/kg, 

KOSHUXNIKOVA r e p o r t e d  t h e  lack of c o r p o r a  l u t e a  f o r m a t i o n  a t  5-9 months fo l low-  

i n g  i n j e c t i o n .  No s i g n i f i c a n t  f e t a l  m o r t a l i t y  w a s  observed  for p r e g n a n t  rats 

given i n j e c t i o n s  of 239Pu s e v e r a l  t i m e s  d u r i n g  g e s t a t i o n  for doses below a b o u t  

5 pCi/kg (SIKOV and HAI-iLLLY, 1 9 7 2 ) .  

TREGUBENKO (1970) s t u d i e d  t h e  fa te  and effects  of p lu tonium i n j e c t e d  i n to  
- .  

pTegnant rats and t h e  e f f e c t  of pregnancy o c c u r r i n g  long  a f t e r  plutonium con- 

t a n i n a t i o n .  This i n v e s t i g a t o r  r e p o r t e d  t h a t  up t o  42% of t h e  239J?u c i t ra te  

cozplex  i n j e c t e d  i n t o  rats i n  l a t e  pregnancy was t a k e n  up by t h e  f e t u s e s .  

The u t e r u s ,  f e t u s e s  and membranes accounted  f o r  abou t  61% of t h e  239Pu i n j e c t e d  

i n t o  t h e  rat d u r i n g  l a t e  pregnancy. S t i l l b i r t h s  a l s o  were r e p o r t e d  by 
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I X G l i B E N K O  (1970) .  These o b s e r v a t i o n s  must b e  i n t e r p r e t e d  w i t h  caution, however, 

as t h e  p lu tonium w a s  adininis t e r e d  by i n t r a p e r i t o n e a l  i n j e c t i o n .  

To assess p o s s i b l e  b i o l o g i c  damage from high  LET i r r a d i a t i o n  of gonadal  t i s s u e  

i n  t h e  absence  of a rneaningful b i o l o g i c a l  d a t a  b a s e ,  we m u s t  f i r s c  o b t a i n  

in fo rma t ion  on t h e  amount and perhaps l o c a t i o n  of p lu ton ium i n  t h e s e  t i s s u e s  

and t h e n  s p e c u l a t e  on t h e  p o s s i b l e  e f f e c t s  from i n f o r m a t i o n  now a v a i l a b l e  for 

o t h e r  h igh  LET r a d i a t i o n s .  

of a l i t e r a t u r e  s u r v e y  of t h e  plutonium and t r a n s p l u t o n i u m  element con ten t  of 

gonads i n  e x p e r i m e n t a l  mammals and man as t h e  f i r s t  - -  s t e p  i n  t h e  sequence of events 

r e q u i r e d  t o  estimate 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  of p lu tonium on gonadal 

t i s s u e  and pe rhaps  u l t i m a t e l y  t h e  a s s o c i a t e d  g e n e t i c  r i s k .  

The purpose of t h i s  r e p o r t  i s  t o  document I- t h e  f i n d i n g s  

I_- 

FETHODS AND MATERIALS 

For ease of comparison of plutonium d i s t r i b u t i o n  between species of wide ly  

d i f f e r i n g  body s i z e ,  t h e  gonadal  plutonium c o n t e n t  e x p r e s s e d  as a f u n c t i o n  of 

t h e  t o t a l  amount a d m i n i s t e r e d  is used whenever p o s s i b l e  i n  t h i s  r e p o r t .  

Comparisons made on t h i s  b a s i s  do c o n t a i n  some u n c e r t a i n t y ,  as t h e  fraction of 

the  body weigh t  r e p r e s e n t e d  by gonads varies between s e x e s  and among species. 

I n  some instances, t h e  gonadal  p lu tonium c o n t e n t  as a f r a c t i o n  of t h e  amount 

admin i s t e red  w a s  given by t h e  i n v e s t i g a t o r  b u t ,  i n  o t h e r s ,  t h i s  q u a n t i t y  w a s  

c a l c u l a t e d  o r  e s t i m a t e d  from t h e  original d a t a .  S t a n d a r d  man weights as used 

by t h e  INTERNATIONAL COMMISSION-ON RADIOLOGICAL PROTECTION ( I C R P )  (1959) w e r e  

used for t h e  human d a t a .  

i nc luded  t h e  r e c o n s t r u c t i o n  of t o t a l  p lu tonium body burdens  from d a t a  i n  t h e  

p u b l i c a t i o n s  by using s t a n d a r d  beag le  (CUDDIHY e t  ai?.? 1970) o r  s t a n d a r d  man 

weights  ( I C R P ,  1 9 5 9 ) .  

I 

Manipu la t ion  of the  d a t a  from some exper iments  
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T a b l e  1 c o n t a i n s  d a t a  f o r  the gonadal  p lu tonium c o n t e n t  of s i x  mammalian 

s p e c i s s  g iven  plutonium by f i v e  r o u t e s  of a d m i n i s t r a t i o n .  

f o r  both  males and  females, a l though  b o t h  sexes are n o t  r e p r e s e n t e d  f o r  

each s p e c i e s  o r  r o u t e  of  a d m i n i s t r a t i o n .  I n  some i n s t a n c e s ,  t h e  a v e r a g e  

v a l u e  f o r  t h e  f r a c t i o n  of  t h e  a d m i n i s t e r e d  burden i n  t h e  gonads (FABG) is  

g i v e a  f o r  a group of  an ima l s  s a c r i f i c e d  a t  one  t i m e  and ,  i n  o t h e r  i n s t a n c e s ,  

t h e  FABG represents a n  ave rage  v a l u e  f o r  a l l  an imals  a t  more t h a n  one  t i m e  o f .  

s a c r i f i c e .  As a f i r s t  approximat ion ,  t h e  l a t te r  case does n o t  a p p e a r  t o  i n t r o -  

duce a l a r g e  e r r o r  because  of t h e  a p p a r e n t l y  s low t u r n o v e r  o f  gonada l  plutonium. 

For s i n g l e  o r a l  doses  of p lu tonium c i t r a t e  o r  n i t r a t e  i n  one  mouse and several  

Data are g i v e n  

- 7  -6 p i g s ,  t h e  FABG is  of t h e  o r d e r  of 1 0  -10 a t  r e l a t i v e l y  s h o r t  times a f t e r  

a d m i c i s t r a t i o n .  For  plutonium a d n i n i s t e r e d  subcutaneous ly  t o  48 male b e a g l e s ,  

a l a r g e  d i f f e r e n c e  i n  t h e  FABG i s  a p p a r e n t  f o r  t h e  n i t r a t e  form (1.5 x 10 ), 

as compared w i t h  t h e  o x i d e  form (7.0 x The FABG v a l u e  o f  6 .1  x f o r  

18 b e a g l e s  (JOHLUSOX, 1969) is  p a r t i c u l a r l y  i n t e r e s t i n g  as t h e  p lu ton ium used  

w a s  o x i d i z e d  a t  ambient  a i r  t e m p e r a t u r e s ,  whereas  t h e  o x i d e  used  by BISTLINE 

(1973) w a s  h i g h - f i r e d .  Thus, one can d e t e c t  a d e c r e a s e  i n  t h e  t h r e e  FABG values 

f o r  male b e a g l e s  r e c e i v i n g  p lu tonium by subcutaneous  i m p l a n t s  i n  t h e  f o l l o w i n g  

o r d e r :  n i t r a t e ,  a i r - o x i d i z e d ,  and h i g h - f i r e d  plutonium. 

-4 

- .  

Nost  of t h e  a v a i l a b l e  d a t a  on t h e  p lu tonium c o n t e n t  of gonada l  t i s s u e  come 

from exper iments  i n  which t h e  material w a s  i n j e c t e d  i n t r a v e n o u s l y .  T a b l e  1 

c o n t a i n s  i n f o r m a t i o n  on f i v e  mammalian s p e c i e s  g iven  2 3 9 ~ u  as c i t r a t e  o r  n i t r a t e .  

FAEG values a r e  g iven  f o r  tines a f t e r  i n j e c t i o n  cove r ing  t h e  r ange  1-1506 d. The 

a v e r a g e  F M G  v a l u e  f o r  t h e  15 i n t r a v e n o u s  i n j e c t i o n  exper iments  i n  T a b l e  1 i s  

3.0 x w i t h  o n l y  a f a c t o r  of 10 between t h e  h i g h e s t  and l o w e s t  v a l u e s  t o  

account  f o r  d i f f e r e n c e s  between s e x e s ,  among s p e c i e s  o r  t i m e  a f t e r  i n j e c t i o n .  

f I b 9 5 b 3  - 5- 



-5 T h e  FASG va lue  f o r  t h e  onc fenale h u x n  s u b j e c t  i s  s l i g h t l y  smaller (9 .0 :; 10 

than :nose f o r  t h e  t h r e e  males ( L . 8  x 10 a t  5 d ,  1 . 2  s 10 a t  1 5 1  d and 

2 .0  x 

) 

-4 - 4  

a t  155 d ) ,  b u t  l i t t l e  real s i g n i f i c a n c e  can b e  a t t a c h e d  t o  t h i s  s i n g l e  

r e s u l t .  

I n d i v i d u a l  v a l u e s  f o r  t h e  female p i g s  and male  b e a g l e s  g iven  p lu tonium c i t r a t e  

by i n t r a v e n o u s  i n j e c t i o n  are g i v e n  i n  T a b l e  2. The average  FABG f o r  t h e  female 

p i g s  i s  lower t h a n  t h a t  f o r  male b e a g l e s  by a f a c t o r  of about  t h r e e ,  b u t  i t  is 

n o t  known i f  t h i s  i s  a s e x  o r  spec ies  d i f f e r e n c e .  

T a b l e  3 compares t h e  FABG v a l u e s  f o r  b o t h  female  and male r a b b i t s  g iven  p lu to -  

nium n i t r a t e  by i n t r a v e n o u s  i n j e c t i o n .  Only t h e  sex varied i n  t h i s  i n s t a n c e ,  

and t h e  testes c o n t a i n e d ,  on t h e  a v e r a g e ,  s e v e n  t i m e s  more plutonium t h a n  d i d  

t h e  o v a r i e s .  It  s h o u l d  be  n o t e d  t h a t  t h i s  is  n o t  on  a plutonium c o n c e n t r a t i o n  

b a s i s  ( a c t i v i t y / g  of t i s s u e )  b u t  r a t h e r  on t h e  b a s i s  of t h e  e n t i r e  p lu tonium 

c o n t e n t  of  t h e  gonad expressed  as a f r a c t i o n  of t h e  amount admin i s t e red .  

Data g iven  i n  T a b l e  1 f o r  p lu tonium a d m i n i s t e r e d  i n t r a t r a c h e a l l y  t o  dogs and 

m i n i a t u r e  swine  show t h a t  less of t h e  p lu ton ium reaches  t h e  gonads f o l l o w i n g  

t h i s  route of a d m i n i s t r a t i o n ,  as compared w i t h  i n t r a v e n o u s  i n j e c t i o n ,  as one  

might expec t .  I n t r a t r a c h e a l  a d m i n i s t r a t i o n  of plutonium n i t r a t e  t o  m i n i a t u r e  

swine  r e s u l t s  i n  a n  FABG va lue  which is  rough ly  comparable t o  t h a t  obse rved  f o r  

mice r e c e i v i n g  p lu tonium n i t r a t e  o r  p i g s  r e c e i v i n g  plutonium ci t ra te  by ora l  

a d m i n i s t r a t i o n .  

T a b l F l  a l s o  gives d a t a  f o r  t h e  gonada l  plutonium c o n t e n t  of f ema le  mice and 
- 

b e a g l e s  of both sexes given plu tonium by i n h a l a t i o n .  Plutonium-238 w a s  t h e  

i s o t o p e  used  i n  s e v e r a l  exper iments .  A s  e x p e c t e d ,  t h e  FAEG v a l u e s  are smaller, 

on t h e  a v e r a g e ,  t h a n  those  observed  f o l l o w i n g  in t r avenous  i n j e c t i o n .  All b u t  

one  of  t h e  e i g h t  i n h a l a t i o n  expe r imen t s  showed FABG va lues  which ranged  between 

7.0 1: 10 -6 and 6.0 x lo? Because of  t h e  u n c e r t a i n t i e s  i n  knowing t h e  a c t u a l  
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c?zoun; of p lu tonium i n h a l e d  by t h e  animals and t h e  a s sumpt ion  CIS t o  t h e  we igh t  

of Kne gonads,  i t  i s  n o t  r e a l i s t i c  t o  a t t e m p t  t o  d e r i v e  a r a t i o  f o r  t h e  FABG 

f o l l o u i n g  t h e  i n t r a v e n o u s  and i n h a l a t i o n  m o d a l i t i e s  of exposure .  However, i t  

a ? p a r s  from d a t a  i n  T a b l e  1 t h a t  t h e  FABG f o l l o w i n g  i n h a l a t i o n  i s  one t o  t w o  

o r d e r s  of magni tude smaller than  t h a t  observed following i n t r a v e n o u s  i n j e c t i o n .  

PlOLYOiV' e t  aZ. (1967) s t a t e  t h a t  t h e  " a c c r e t i o n  ratel' fo r  p lu tonium f o l l o w i n g  an 

a c u t e  i n h a l a t i o n  can b e  approximated by a power f u n c t i o n .  

t h e i r  s tudy  t h e  p lu tonium c o n t e n t  of  t h e  o v a r i e s  i n  s.ICi/g p e r  p C i  admin i s t e red  

w a s  found  t o  b e  a ( t ) = a ( l ) t  O a 6 '  where t i s  d a y s ,  a ( t )  i s  o v a r i a n  r e t e n t i o n  a t  any 

t i ae  t and a ( 1 )  i s  t h e  o v a r i a n  plutonium c o n t e n t  on day  one and has t h e  v a l u e  of 

1 .35  x loe5 pCi /g  p e r  u C i  admin i s t e red .  

Over t h e  p e r i o d  of 

:.lOliROW et; 02. (1967) also found t h a t  t h e  mean p lu ton ium c o n c e n t r a t i o n  of t h e  

beag le  a d r e n a l  o r  o v a r y ,  f o r  t i m e s  g r e a t e r  t h a n  100 days  a f t e r  i n h a l a t i o n ,  

c o u l d  b e  expres sed  a s  a l i n e a r  f u n c t i o n  o f  t h e  a d m i n i s t e r e d  dose .  

g iven  i n  t h e  o r i g i n a l  p u b l i c a t i o n  are  i n c o r r e c t .  

The v a l u e s  

Tab le  1 also g i v e s  ave rage  FABG v a l u e s  f o r  r a b b i t s  g iven  plutonium n i t ra te  

by i n t r a m u s c u l a r  i n j e c t i o n .  Again,  t h e  data s u g g e s t  a smaller average  FABG 

va lue  f o r  f ema les  t h a n  f o r  males by about  one orde r  o f  magnitude. The FABG 

values  are i n  t h e  same g e n e r a l  range as t h o s e  observed  f o r  mammals f o l l o w i n g  

i n t r a v e n o u s  i n j e c t i o n  of s o l u b l e  plutonium compounds. The i n d i v i d u a l  FABG 

v a l u e s  f o r  v a r i o u s  t i m e s  a f t e r  i n t r a m u s c u l a r  i n j e c t i o n  are g i v e n  i n  Table 4 .  

Some d a t a  are a l s o  a v a i l a b l e  on t h e  gonadal  c o n t e n t  of p lu tonium following 

c h r o n i c  o r a l  a d m i n i s t r a t i o n .  BULDAKOV e t  aZ. (1969) r e p o r t e d  t h e  gonadal  

? l u t o n i u n  c o n t e n t  f o r  o v a r i e s  and testes of dogs g i v e n  c h r o n i c  o r a l  a d m i n i s t r a -  

t i o n  of p lu tonium c i t r a t e  i n  a 1% s o l u t i o n  of sodium ci t ra te  (pH 6 .5 ) .  The 

a n i n a l s  were s a c r i f i c e d  p e r i o d i c a l l y  o u t  t o  300 d ,  b u t  i t  i s  n o t  p o s s i b l e  t o  
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t e l l  iiow many an imals  weye u s e 2  i n  t h e  s t u d y .  

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

dogs r;sre ob ta ined  d i r e c t l y  from BULDAKOV e &  a l .  

Tab13 5 g i v e s  t nese  dara  i n  u n i t s  

The values  f o r  t h e  male 

( 1 9 6 9 ) ,  b u t  t h e  v a l u e s  f o r  t h e  

females were d e r i v e d  us ing  r e l a t i v e  c o n c e n t r a t i o n  d a t a  f r o m  t h e  same r e f e r e n c e  

and assuming o rgan  we igh t s  f o r  t h e  dog as de r ived  by  C U D D I H Y  et Ql. (1970) .  

We have n o t  a t t empted  t o  estimate an  FhBG v a l u e  f o r  p lu tonium i n  human gonadal  

t i s s u e  because  of t h e  u n c e r t a i n t i e s  i n  t h e  v a l i d i t y  of t h e  r e l a t i v e l y  s m a l l  

number of  measurements a v a i l a b l e  (KREY e t  aZ., 1 9 6 2 ;  TKIZAWA and SUGAI, 1971; 

CACLPBELL e t  aZ., 1974)  and t h e  amount of f a l l o u t  p lu tonium t o  which man h a s  

been exposed. The d a t a  of KREY et a2. (1962)  seem p a r t i c u l a r l y  h i g h ,  w i t h  a 

c o n c e n t r a t i o n  of 3 . 6  pCi P u / k g  r e p o r t e d  f o r  human gonads measured i n  1959. 

gonadal  c o n c e n t r a t i o n  w a s  4.6 t i m e s  h i g h e r  than t h a t  of lung t i s s u e ,  y e t  t h e  

The 

I 
c 

plu tonium c o n c e n t r a t i o n  of  t h e  l u n g  seemed r e a s o n a b l e  (0 .78 p C i / k g ) .  However, i t  

shou ld  b e  k e p t  i n  mind t h a t  t h e s e  r e s u l t s  were based  upon only  s e v e r a l  samples .  

TAKIZAIU’A (1973) r e p o r t e d  t h e  i n f o r m a t i o n  shown i n  T a b l e  6 f o r  Japanese  sub- 

jects;  t h e  measurements were made between 1963 and 1970. The 2 3 9 ~ u  concent ra -  

t i o n s  were h i g h e s t  for t h e  s k e l e t o n  (2.44 pCi /kg ) ,  fo l lowed  by t h e , g o n a d s  

(1.88 pCi/kg) and then  t h e  s p l e e n  (0 .44  pCi/kg) .  These  d a t a  are confus ing  i n  

several r e s p e c t s .  For example,  t h e  r a t i o  of gonada l  p lu tonium (males / females)  

i s  0.28 i n  1969 b u t  130 f o r  1970. From t h e  e x p e r i m e n t a l  an imal  d a t a ,  one would 

expec t  a v a l u e  g r e a t e r  t h a n  one  for t h i s  r a t i o ,  and  one would n o t  expec t  a 

d i f f e r e n c e  of almost 500 i n  t h e  Gatio f o r  both years. 
s-c. 

CAMPBELL et al. (1974) r e p o r t e d  v a l u e s  f o r  the gonada l  plutonium-concentra- 

t i o n  of 106 United S t a t e s  r e s i d e n t s  and o t h e r  t i s s u e  p lu tonium c o n c e n t r a t i o n s  

f o r  l a r g e r  s a m p l e  sizes. The samples  were analyzed  between 1959 and 1971;  t h e s e  

d a t a ,  p l u s  o t h e r s  from t h e  same r e p o r t ,  are shown i n  T a b l e  7 .  These gonadal  

- 8- 
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p l u ~ o n i u a  c o n c e n t r a t i o n  v a l u e s  were v e r y  s imilar  t o  k i d n e y ,  bone and l i v e r ,  

slightly h i g h e r  t h a n  lung a n d  s l i g h t l y  lower t h a n  lymph nodes.  

r a t i o s  of  t i s s u e  plutonium c o n c e n t r a t i o n s  r e l a t i v e  t o  gonadal  t i s s u e  shown in 

T a b l e  7 a r e ,  w i t h  t h e  excep t ion  of t h o r a c i c  lymph nodes ,  a l l  w i t h i n  a f a c t o r  

of abou t  two. Thus, human gonadal  t i s s u e  does n o t  show p r e f e r e n t i a l  eoncen t r a -  

t i o n  of  f a l l o u t  p lu tonium as compared w i t h  o t h e r  s o f t  t i s s u e s  and bone. 

I n  f a c t ,  t h e  

A d d i t i o n a l  i n f o r m a t i o n  on t h e  gonadal  c ' oncen t r a t ion  of a c t i n i d e  e lements  

o t h e r  t h a n  p lu tonium i n  rats,  dogs and baboons i s  g i v e n  i n  Tab le  8. 

t h e s e  d a t a  are n o t  as  complete as t h o s e  g i v e n  i n  Tab le  1 f o r  p lu tonium,  t h e y  

do s u g g e s t  FABG values similar t o  t h o s e  obse rved  f o r  plutonium. 

FABG v a l u e  of a b o u t  2.0 x w a s  o b t a i n e d  f o r  rats,  b e a g l e s  and baboons 

g iven  241Am o r  s e v e r a l  i s o t o p e s  of curium o r  c a l i f o r n i u m  by i n t r a v e n o u s  

i n j e c t i o n .  

The FABG v a l u e s  t end  to b e  lower f o r  f ema les  as compared w i t h  males, as w a s  

Although 

An a v e r a g e  

The d a t a  cove r  t h e  p e r i o d  from 4-2127 d f o l l o w i n g  i n j e c t i o n .  

t h e  c a s e  f o r  p lu tonium.  We are i n  the p r o c e s s  of a c c r u i n g  more comprehensive 

t a b u l a t i o n s  which w i l l  b e  r e p o r t e d  i n  t h e  f u t u r e .  

T h i s  r e p o r t  documents v a l u e s  f o r  t h e  gonada l  plutonium c o n t e n t  of s i x  

mammalian spccies given p lu tonium by f i v e  r o u t e s  of a d m i n i s t r a t i o n .  In  most 

c a s e s ,  t h e  data are p r e s e n t e d  as t h e  f r a c t i o n  of t h e  a d m i n i s t e r e d  dose  i n  t h e  

gonads W G )  a t  t h e  t i m e  of s a c r i f i c e  o r  d e a t h .  
c .  

- 
For s i n g l e  o r a l  dases of p lu ton ium c i t ra te  o r  n i t r a t e  i n  two mammalian s p e c i e s ,  

t h e  FABG i s  of t h e  o r d e r  of 10-7-10-6 a t  r e l a t i v e l y  s h o r t  times f o l l o w i n g  acute 

exposure .  Some d a t a  are p r e s e n t e d  f o r  t h e  amount of p lu tonium i n  t h e  gonads of 

dogs f o l l o w i n g  con t inuous  o r a l  i n t a k e  for 300 d. 
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For plu tonium subcu tzneous ly  i q l a n t e d  i n  l a r g e  numbers of b e a g l e s ,  t h e  

gonad c o n t e n t  v a s  a f u n c t i o n  o f  t h e  form a d m i n i s t e r e d ,  w i th  'n igher  FABG v a l u e s  

obscrved  f o r  t h e  more s o l u b l e  f o r m s  a d m i n i s t e r e d .  FABG v a l u e s  ranged  from 1 .5  

1.: 1 0  f o r  t h e  n i t r a t e  form to 7 . 0  s 10 f o r  t h e  h i g h - f i r e d  ox ide .  
- 4  -7  

-4 The ave rage  FABC f o r  15 exper iments  (5  m a m l i a n  s p e c i e s )  was 3.0 x 10 

n i t h  o n l y  one  o r d e r  o f  magni tude v a r i a t i o n  between t h e  h i g h e s t  and l o w e s t  

v a l u e s  t o  i n c l u d e  d i f f e r e n c e s  between sexes, among s p e c i e s  and f o r  tines 

e x t e n d i n g  t o  1506 days a f t e r  a d m i n i s t r a t i o n .  

human s u b j e c t s  (2 .2  x were abou t  t h e  same as t h e  ave rage  v a l u e  of 

3 .0  x observed  f o r  a l l  species  r e p o r t e d .  

FXBG v a l u e s  o b t a i n e d  fo l lowing  subcutaneous  i n j e c t i o n  or i n h a l a t i o n  w e r e  

s-dller t h a n  t h o s e  r e p o r r e d  f o r  i n t r a v e n o u s  i n j e c t i o n .  The l a r g e s t  e r r o r s  

a s s o c i a t e d  w i t h  t h e  FABG e s t i m a t e s  a r e  f o r  the i n h a l a t i o n  exper iments .  All 

e x c e p t  one  of  t h e  e i g h t  i n h a l a t i o n  expe r imen t s  showed FABG v a l u e s  r a n g i n g  from 

7.0 x and 6.0 x 

Data f o r  t h e  FABG v a l u e  f o r  

Data on p lu tonium contaminat ion  of 'human gonadal  t i s s u e  are reviewed.  

Although some unexpla ined  anomal ies  occur  and are  d i s c u s s e d ,  t h e  c u r r e n t  gonadal  

p lu tonium c o n c e n t r a t i o n  f o r  United States r e s i d e n t s  i s  approximate ly  0.5 pCi/kg, 

n o t  u n l i k e  t h a t  r e p o r t e d  f o r  o t h e r  s o f t  t i s s u e s  and bone. 

An ave rage  r e t e n t i o n  v a l u e  o f  abou t  o f  t h e  admin i s t e red  dose  f o r  

i n j e c t e d  p lu tonium i n  s o l u b l e  form'wduld appea r  t o  b e  a r e a s o n a b l e  estimate t o  

u s e  f o r  human males. 
9 

For females, a comparable  v a l u e  would b e  smaller by a 

-5 f a c t o r  of  5 t o  10 and ,  f o r  p r a c t i c a l  c o n s i d e r a t i o n s ,  may b e  t aken  as 1 0  . 
T h i s  smaller FABG v a l u e  f o r  females may be  d i r e c t l y  r e l a t e d  to  t h e  smaller 

- 
n a s s  of  t h e  female gonads as compared t o  t h e  male by a f a c t o r  of abou t  10  f o r  

some s p e c i e s  ( e . g . ,  t h e  b e a g l e )  bu t  less t h a n  1 0  f o r  o t h e r  s p e c i e s  ( e . g . ,  

htmans). For  o t h e r  m o d a l i t i e s  of con tamina t ion  such  as i n h a l a t i o n  o r  wounds 
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n v o l v i n g  i n s o l u b l e  forms of p l u t o n i u x ,  t h e s e  va lues  s h o u l d  be reduced by 

n e  t o  s e v e r a l  o rde r s  of magnitude. 

u s t i f i e d  f o r  o r a l  i n t a k e  of plutonium. 

A similar  r e d u c t i o n  would also appear  t o  b e  

Eecause of t h e  g ross  q u a l i t a t i v e  s i m i l a r i t y  i n  t h e  p lu tonium d a t a  and t h a t  

t va i l ab le  €or  o t h e r  a c t i n i d e s ,  one can app ly ,  a t  l ea s t  on  a n  i n t e r i m  b a s i s ,  

:he estimates g iven  above €or  plutonium t o  o t h e r  t r a n s p l u t o n i u m  e lemen t s .  I n  

sone i n s t a n c e s ,  c o r r e c t i o n s  may be  r e q u i r e d  f o r  t h e  p h y s i c a l  h a l f - l i f e  of t h e  

i so tope .  T h i s  practice would app ly  on ly  t o  gonada l  conLent and would no t  

n e c e s s a r i l y  be  v a l i d  f o r  s u b s e q u e n t  assumptions as t o  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 .  

.4cknow2ed;rment--The a u t h o r s  g r a t e f u l l y  acknowledge t h e  r e c e i p t  of i n f o r m a t i o n  

used i n  t h i s  r e p o r t  from several c o l l e a g u e s .  In  p a r t i c u l a r ,  d a t a  s u p p l i e d  by 

D r .  C. 14. Plays of t h e  U n i v e r s i t y  of  Urah and D r .  Yukio Takizawa of Akita 

U n i v e r s i t y ,  J apan ,  were e s p e c i a l l y  helpful. .  
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T d l e  2 .  PZutcr,ivrrr in gozadal t i s s u e  of pigs m d  bm3Zes at 

vcrr.ious times c f t e r  in t ravenou  injection of p i u t m i m  c i t r a t e  

Fraction of administered 
NO. Time burden in gonads (FABG) pecies S e x  

-4 1 I d  2.7 x 10 
F 

F 

F 

M 

M 

M 

* 
g 

ll 9 d  1.4 

a 640 d 1.0 x 10 

1 I d  7.9 

1 134 d 3 . 4  

1 362 d 2.5 

-4 

i 2agle 

* 
See BULDAKOV (1968). 

Uncerta in ,  probably  1-3 p i g s  p e r  sacrifice p o i n t .  
n 

c .  
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* 
Table 3. PZu ton im  ir, g o ~ a & l  t i s s u e  of i-&bits at 

var ious  t i m s  a f t e r  intrcmnous injection o f  pZutonim n i t ra t e  

F r a c t i o n  o f  a d m i n i s t e r e d  
Sex No. Time burden  i n  gonads (FABG) 

F 

F 

F 

F 

M 

EI 

Fl 

M 

I d  

8 d  

112 d 

365 d 

I d  

8 d  

1 1 2  d 

365 d 

7.0 

3 . 2  

7.5 

7.0 

2.6 

1.8 

4.0 

6 .O x loe4 

* 
5ee TAYLOR (1969) .  
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i 
? 

i 
Ta3Ze 4. PZutonim Z i z  gc-r,cLdaZ t i s sue  of r d b i t s  * at 

v/'cLIyious tines a f t e r  i n t r m d s c u l c r  injection o f  p l u t a n i m  n i t r a t e  

F r a c t i o n  of  admin i s t e red  f 

I 
1 Sex No. T ime  burden i n  gonads (FABG) 

1 28 d 

1 365 d 

1.0 

1.0 

1 I d  7 . 0  f Pi 

M 

N 

2 8 d  

1 35 d 

3.0 

1.0 

1 49 d 2.0 M 

?f 1 56 d 

M 2 112 d 

4.0 

1.0 

280 d 6 .O x M 1 

* 
See T A n O R  (1969).  
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Fraction of d a i l y  dose in sex I* 0. T i m e  gonads at given time 
\ T  

Pi 

PI 

Pl 

PI 

F 

F 

F 

F 

? 

? 

? 

? 

? 

10 d 

5 0  d 

100 d 

300 d 

10 d 

5 0  d 

100 d 

300 d 

8.0 x 

7.0 x 

8.0 x 

1.0 

1.0 

1.0 x 
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.. 

i 

0.29 

0 .05  

0 . 3 1  

2.36 

2.56 

0 .65  

2.58 

0 .75  

0 .09  

11.7 

46 PI 

57 F 

6 2  F 

7 0  F 

59 F 

5 4  M 

6 8  F 

76 M 

54 F 

6 2  PI 

196 3 

1964 

1968 

1969 

1969 

1969 

1969 

1969 

19 70 

1970 

* 
See  TAKIZAWA (1973) 

'P icocur ies  per kilogram, w e t  weigh t .  
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