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Long-tern t o x i c i t y  s tudies  sponsored by the Atonic Energy Comi ssion 
have bccn i n  p r z & x s s  f o r  mny yeQrs ( s m e  lon,aer t h m  20  yeers) to 
dcti=i-iltt\c t:?? ‘ciological e f f e c t s  of a i m s  inte-r:;-.ally d e g s i t e d  
rzdiotrLic2.!.6.:s. 
er?t m?iz,: ~ r ? x  b c h g  ccr?ducted a t  t he  University of U’izh, Arpni:e 
Bat icx-1 L.C-‘LICLY.~OY~, University of Cslifornin at Davis, Pacif ic  
Nmt.h:-e st Z?.L 3i.a.t 3Yi.y end Loyrc-la,cs Foundation. 

Studies r e l z t e d  t o  gsr - 9, achinis tercd by d i f f e r -  

_- - 

The stuii ics a t  t3c Unl.versity of Utah and Argome l?atj.onsl Lzboratory 
h2vs irLvolvccJ the  z!bFnis t r z t i o n  of graded dose l eve ls  of s ingle  
S.rttrz:Jc:ltVs j .n ject icns  cif P’s~ - 9, i n t c  wice L.nd Bec-sle dogs. PJ 
&;ic;n, t h e  c.qc--ir;..-znts et t h e  Univa-sity,of. Ut..ah (1) al.co inclvd? 
other dogs givci: ~ r a r l e d  dose levels of 2LoRa in‘- aavenous!.:r in orilgn 
t o  cczpzrc. thz o3;trved e f fec t s  f r cn  %r - % with thosc f o r  220Sa. 

exyJr;c’c.ed i2 h u n s ~ s  ‘t>m.?,il or! t h e  e f f e c t  
tain5.i:;: si.gt5.ficnk body burdens o f  224Er. Ear:? dose level i s  
refcr2ncecT as r r x l t i p l e  of t i e  permissible! Concentration of 226fia 
i n  mbn, 0.1 pCi (75, !:g m?a a s s u e d ) .  
f roa  1.13: t o  1520 t i n e s  the r e fe reme  le:;el an2 t3e  WSr - y3Y levels 
range fro?. 10 t o  1620 tims the  reference l e ~ e l .  

The Beagle is an excel lent  c h o i e  fa- en eqcri;k?ntal  a n i d  fo r  ar. 
extre.polation t o  am. 
be ta  energy e r i t t e d  by WSr - 9% i s  zbsor’oed Sy the  skeleton of 
bot’n thz E~lagle a12 x n .  Tne 60~’s bmio end. bme ziirrojl anatoiity 
a?C physiolocy i s  a l s o  si&ila.r t o  nsn. 
s2ontmeous bone tumrs i n  the Beagle is qxite  lev, mln5.mizing t‘nc 
chp-nce for  z i s i n t c r p e t i r z  radia5icn-induced tlLitors as being of 
spontaneous or igin.  

Dzily ingest ion of graded l eve l s  of WSr - Wjl by Bezgle dogs ficn 
mid-gestation t o  1.5 ye&-a of q e  has been the mode of ex-r,oswe 
e t  the University of CalXornia  a t  Davis. hverpsc d a i l y  i l i t ake  of 

’ %!Sr - rmged from .03 t o  35 p C i  pcr day (2,3). A t  the Pac i f ic  

rn l n i s  er.cSlcs one to e x t r q m l e t e  Vne e f fec ts  obsr-rved i n  doss t o  those 
secn j.3 il~tz:zn su..Sjects con- 

The 2 2 b R ~  dose leve ls  ra.zige 

Essen t i a l ly  the s a m  f rac t ion  of the tot??‘ 

Also ,  the incldeiice of 
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Northwest Laboratory, d n i a t u r e  swine have ingested grzded l eve l s  
of %r - %Y d a i l  
from 1 t o  625 p C i  %Sr - % per  day (4,s). 

The inhalat ion route  of en t ry  of WSr - % i n t o  the bcdy is  being 
investigated i n  the Beagle dog a t  the Lovelace Fomdation (6). I n  
t h i s  e q e r i n e n t ,  tt?e dogs received s i r z l e ,  shor t - te rn  inhalat ion 
exposures t o  an aerssol  containing graded l eve l s  of WSr - % when 
they were y o u  adu l t s  and are  being observed d u r i n g  t h e i r  l ifes2an. 

Since uany of these e q e r i n e n t s  a e  s t i l l  i n  progress, it i s  i q o s -  
s i b l e  t o  say t h a t  everything i s  known about the e f f e c t s  of soSr - WY. 
Ho-isver, an acslysis of our current s t a t e  of knowledge regarding the 
biological  e f f e c t s  of WSr - WY does eciphasize severz l  points:  

f o r  th ree  generations. The feeding l e v e l s  r a g e  

1. 
librim azounts of WSr and i t s  short- l ived daughter WY. Once 
the WSr i s  d q o s i t e d  p re fe ren t i a l ly  i n  the skeleton due to i t s  
b io logica l  jehavior,  the % prcduced i s  a l so  t i g h t l y  bound i n  the 
skeleton and deposi ts  most of i t s  energy there. The b io logica l  
e f f e c t s  observed t o  da t e . a re  those t h a t  would hwe  been predicted 
f'ron the se l ec t ive  i r r a d i a t i o n  of  bone and bone marrov. 

2. 
t i o n  froiii the deposit ion of la rge  quant i t ies  of WSr - WY, both 
s o l i d  t m o r s  of  the bone and death from disorders  of  the blood fora- 
ing t i s sues  h w e  been observed. 

. two general c l a s ses  of  e f f ec t s  of i r r ad ia t ion  of  bone and bone 
marrow apsears t o  depend on t h e  mode and age a t  adninis t ra t ion.  
For instance, bone tumors were observed i n  highest  incidence follow- 
i n g  single  doses of P S r  - WY which produced a higli i n i t i a l  dose- 
r a t e  folloxed by protracted low-level i r r ad ia t ion .  
death from disorders  of  the blood foraing t i s s c e s  vas observed i n  
highest  incidence i n  s tud ies  w i t h  continuous intake of  WSr - WY 
et high l e v e l  s t a r t i n g  e sz ly  i n  life. 

3. 
t o  high total. doses of i r r a d i z t i o n  produced a t  high dose r a t e s .  
For instance, in the Davis ingestion study which has entered i t s  
tenth year, no pzthologic e f f ec t s  have been-seen a t  continuous 
rad ia t ion  doses t o  the skeleton from %r and i t s  daughter 
belov about 2000 mil l i rads  per day. For comparison, the Radiation 
Protect ion Guide for  bone marrow from FRC Report No. 2 for  the 
avera-ge exposure of a su i t ab le  sample of the population would be 

These experinknts 5ave a l l  involved the ada in i s t r a t ion  of equi- 

-- - 

When the skeleton is exposed t o  very high dose r a t e s  of radia- 

The r e l a t i v e  imcortance of these 

I n  contrast ,  

Pathologic e f f e c t s  have only been observed i n  a n i r i l s  exposed 

4 0 0 3 1 3 3  . .  
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1 7 0  nrillirem pe r  year or  aboct 0.5, millirexE per day (7) .  
l a r ly ,  i n  the strzdy no>r i n  progress a t  the University of Utah, 
adul t  dogs given s ingle  intravenous in jec t ions  of WSr - WY 
mounting t o  1620 tires the reference l e v e l  wntioned on p. 1 
died with bone tcmors 2 t o  3 y e a s  later (8). 
dose rates wx-e qproxirnately ,lo, 000 n i l l i r a d s  per  dzy. 
are e.1.s~) bcing o3served i n  the  next 1o::er l e v e l  (930 x reference 
leve l )  t:'here the  dose rate i s ' abou t  6030 n i l l i r a d s  per day 2nd the 
dogs-have been m d e r  observaticn fo r  over 5 years a t  the present 
time. 
will b2 continucd. 

Sini- 

The average ske le ta l  
Bone tumors 

Observations on these and dogs in jec ted  with lo\-rer a c t i v i t i e s  

4. In  the doc, there  i s  e. 1,000 t o  10,000-fold reduction i n  the 
SOSr - soy concentrztion i n  soft t i s sues  such as the  testes, seminal 
f l u id  and ovaries  coapzred t o  t h r t  o f  b o x  (9). It is> therefore, 
highly w d i k c l y  physiologically t o  g e t  substcn-Lial doses t o  these 
t i s sues  v i thout  'first irducing l e t h a l  efTec-ls from the i r rzd ia t ion  
of bore zr,d bcne rf.c.rrox. "his wes also dezonsirated i n  the rrinia- 
ture srrinc e q e r i m n t s  where feeding 9% over three generations 
procluced no s igni f icant  differences i n  l i t t e r  size, percentage of  
s t i l l b o r n  cr b i r t h  weight comiared t o  unexposed control a n i r i l s  ( 5 ) .  
Tie feeding l e v e l s  i n  both theso s tudies  resul ted i n  body burdens 
i n  SOE aaimsls t h E t  were 1,003 t o  2,003 times the occupationzl * 

permissible body burden of 9% - 9h of. 2 pCi. 

In February 1971, the Atonic Encrgy Coxiission sponsored a syqosiwn 
a t  the University of California zt Dnvls en t i t l ed  Bioincclicsl Irupli- 
cations of Radiostrontiun Exposure,'' which brought together at one 
tirne nost of the world's experts on t h i s  subject. In  edditioii t o  
s c i e n t i s t s  f'ron a l l  the AEC-sponsored long-term WSr - *Y tox ic i ty  
studies, there  cer? also s c i e n t i s t s  present f ro3  the United Kinsdoa, 
Sveden, Netherlarids and West Geroany. 
symposim w i l l  serve as a useful  coiiipilation of the current s t a t e  , 

of knovledze on t h i s  subject (10) es have several  other volmes i n  

11 

"he proceedings of th i s  

the  pas t  (11, 12, 13). -_ 
.I 

A h r g e  se ,o~ent  of the Daris syaposium tras devoted t o  discussions 
of the extragolat ions of these r e s u l t s  t o  man. 
f ron the Univsrsity of Utah presented zn analysis of the availeble 
d a t a  for  dose-rcsoonse relzt ionships  for  several  radionuclides 
including WSr - WY. 
data su p o r t  a linear nodel for the induction of bone tuiiors by 
%r - b Y  over a brozd d o s x e  range i n  several  a n i m l  species. 
A t  low doses f'rm 8-emitters, the number of bone saxcoms is  sub- 
s t a n t i a l l y  lower thzn would be s red ic ted  from 2. l i n e a r  non-threshold 
model. He felt t h z t  the data  strongly support a sigmoid model i n  

Dr .  Charles bIays 

He concluded that  none of the emerimental 

. 
which the slope of the incidcnce curve is:  * <. - * . \  For thcse Sets -cn i t t inz  rzdiomclicles, the miLliren un i t  is  

nmericc?lly equsl t o  t'ne mi l l i rad  mit. . 
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J 
a.  
b. 

c. le-reling off a t  peak incidence, and 
d. 

:rei-y shallo:.~ at 10i.i doses, 
increasinz i n  steepness as the  high incidence values a re  
appoached, 

perhzqs be:iding do:m;rard z t  super-high doses. 

Because of the apparent s i c m i d  dose-response relationship,  one can- 
not use a s ingle  nw'mr t o  describe the irxidcnce of bone turzors 
for im i n c r e x n i  of dose. Horwrcr, Dr. IGivs did attempt t o  e s t i m t e  , 

t h e  risk t o  m n  f2 'o :L  io?: l evc l s ' o f  %r - WY. 
follo::.inz: 
teininz body bl-irdcns of 220Ra. (lb), he cal.culated an u9per r i s k  l i m i t  
of 1:5 tumr cascs ~ e r  lo9 pcrson rn i l l i rac is .~  
heve iixllcc?ted t h a t  %i- - gay i s  about 1/10 2s e f fec t ive  as 22'2a i n  
produ.cing born tuiors .  TflereZore, he presented 45 x lo9 x 0.1 = 4.5 
bone 'incS:r cases per. 10' person mil l i rads  2 s  being an uppey linit for 
the 59-3-ea.r risk fron h i  doses of %r - S3Y, 
1o;:sr l t i n i t  v ~ u l d  be zero. Beczuse of the sigmoid (non-linear) 
response for  WSr - WY, he chose 1 bone tumor per  lo9 person m i l l i -  
rads as h i s  best e s t i r z t e  o f  the 50-year r i s k  from low doses of 
WSr - 93Y. 
t o  Q yezrly dose of 8 rnillire3.s f ron  in t e rna l ly  deposited WSr - %'Y 
(15). 1 bone turnor per lo9 
persoa rn i l l i r eds  and a popul.ation of 2 x 10gfpoople, ' for t h i s  dose 
of 8 n i l l i r a d s ,  it vould be e s t i r a t ed  t h a t  a to t21  of  1.6 bone 
. t m o r s  might be produced durinz the  next 50 years. 

Iris asproach was the 
r'roz dose-resnpnse d a t i  published recent ly  for  hmzns con- 

Other biological ata 

0 

Tile correspondi- 

Tile skeleton of an average lilm i s  curxcntly exoossd 

Therefore, using h i s  e s t i m t e d  r i s k  

1 turnof \. 
x 2 x 10 8 persons x 8 m i l l i r a d s  = 1.6 t e o r s  

109 person m i l l i r a d s  

* 1.09 person rcillirads = 1 n i l l i o n  n m  rads 
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