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C b P Y  _ _ _ -  

& c a b e r  26,  1956 

. .  

D e a r  Dr. h b b y :  :/, ..-: -. 
%- ._ .?' 

This is io answe? to your l e t t e r  of Deceznber 3 r e q u e s t i ' ~  ELE e s t i r s t f  
o f  the factoz-  'by whrich the hunazl body cLiscrininfites egainst ~ t r ~ n t l i ~ ~ i  
relet5.w to c a l c i m .  . .--.... :- 

, . . - - .. . 

Attached 1s n. r;urvey sf, experimentelly d.etemlned diccrinination vzlues. 
If. i s  noted t h p t  the vslues,:%or the three p a t l e n t s  w i l l  be ofl t h e  order 
0-f o d i s c r i n i n s t i o n  again&-.ii-b.ontiun 02 a b o u t  
wi th  t h e  n l u e  for rats on a nilk:.Zj.ct. Recognizing t,kt these a r e  abnornel  
individuals although not part j .c&lar .b  in relation -Lo c a l c i m  ne-tzbolim, It 
wrxlld appear thct a value of ~bou??im would be reesora.ble to use a t  t h i s  
t h e .  
gives s m e  idoration in r e h t i o n  to ' c ~ & ~ e r ? .  

TMS is in agremen t  

Other wcrk should be fort$i?nihg,i;bzL w i l l  br m c r e  p r e c i s c  w.d 9erhxps 

, 
', 

Dr. Blair, i n  ldashir&on, hmdod &e;;s ' le t ter  to you from B i l l  F e m a  
e x p e s c h g  s m e  6oub'cs about the m i l k  d i s c r j m i n a t i o n  fncLors - ' l i thi- .  -the 
ned% d ~ y  or GO I shal l  wr i t e  you a lor.ger letter i rdicat- i rg ,  scne 0;' ou_r 

reasons for t h e  f a c t o r  of ebout seven a s  ue,now see it which e p p . a ~ e ~ t . l y  
Ne-n has overlooked. A ~ C Q  I a not ent i rd 'y-cogvinced of t he  c x r e c t x s s  
in applying D. f a c t o r  for col -ection of rib values-to the whole sk le t c r? .  
Etch a f a c t o r  -dould vury depending upon whether.:o& i s  t a l k i n g  z b w t  s h z l c  
e%posure o r  l i - f e t k ' e  exposure. For  s i n g l e  c.xpO61xe L_ it would be rather lar,ze 
BS IE shotm i n  K u l p ' f i  dzta. For L i T e t h e  exposure I-:would. expect ' C ~ P  
_"actor to be closer to one a l t h o w h  -thi3 io a po1nt:upon which de f in i t e  
ev idence  c a n  2nd should be ob.taiced. 

-., 
. 

I mrl ~orry that I was not ahwe of your l e t t e r  untl.-l.--I rcturced frcm 
I. TrJashington and therefore COG not ansver you sooncr.  : 

_ _  ... -. .. 
.. - 

Sincerely y o u r o  ,-I-.~-.,. 
. ._ 

, .  

1 .  

_._I _. ..,- 
c. L. c o m  
C h i e f ,  B i m c d i c n l  Zesezrch 
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OAK RIDGE IESTITUJ2.E aF MICJEAR STUDIES 
P. 0. BOX 117 

Oek Ridge, Tenneseee 

Weal *+vision 
December 26, 1956 

\., -' 
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Urdted Sta&s, Atcxnic Energy Camnissioa 
~ ~ a a ~ n g t o i  $5', x D /- .,--c,. 
Deer Dr. Lfbby 

D r b  W. FLx'd!ibby 

r 4 .  

This i s  in tulsw6? to your letter of December l3 requesting &p estimate 
of the factor by which the human body discriminates agatnst sttontiurn 
relative to ca1c:iurn. - *- 

" W " ,  

Attached is a survey @* experimentally detex'%tined discrimirlatlon values. 
It is noted that the value,$.f%~ the three patients w i l l  be of the order 
of a diacrimin&t.lon a@ins$---sk..ntium of abaut t v o .  
with the value for rats on a miUCaet .  
individuals al'chciugh not partic-q in re lat fon to calcium metabolisn, it 
~ w l d  appear that  a value of aba%*$wo wauld be reesorlable to use at tUs 
time. Other wcr.k should be fortfikding 
gives scme idommation in relation to 'c 

T h i s  i s  in agrement 
Recognizing t h a t  these are sbnormel 

-t: will be m o r e  precise and perbps 

Dr. B l a i r ,  in Washir&on, handed de- a let ter  to you from Bill Ifeman 
Yithin -the expressing sane doubt6 about the mil% discrbimtion factors. 

next day or so I shall write you a longer le t ter  indicatirg suue o f  o m  
reasons for the factor of about seven as we now Bee it which appareEtly 
Neuman has overlooked. Also Z am not entire3y-convinced of the comectzess 
in applying a factor for CQI -ection of rib values-to the whole skeletcn. 
gcch a f a c t a  would vary depending upon whether%rk is talking abcut single 
exposure or l i f e t h e  exposure. 
as IS shown in Xalp's Uta,  
factor to be closer to one although this is a point upan which definite 
evidence can and. should be obkined. 

For single expo~s-ure It would be rather large 
For liietlme exposure E would expect t5e 

I 8m sorry that I was not aware aF your letter untl$rI returned from 
u Waehingtaa and therefore could not answer  you sooner. .-- 

- *  
*I _/1 8iacerely yours ,-L;, , 

..- . -. 
CD L. c m  
C h i e f ,  Blcmedical Research 

. c w 2 m  
Enclosure 

. cc: Dr. c. L. Dbrnham 
a. M. H. Brucer 
Dr. J. L. mllp 
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C. L. Comar and R. B. Wasserman 

bledlcd Division, ORIES 

, '\@his table contains some unpublished data and should 
It'' not be quoted w i t h o u t  permissioh of the authors.) 

%. - J 12-13-56 ' ....- I 
..., - 

I..* --- 
,."-a I . 
,I. , h 

1. SZtoPtha-Ca~cium Observed Ratio (OR) Reference 1 
I 

(I 4 ,I 

Reference 1 2. Strontium-CeilciUia: ascrimination Factor (E) 
*I"" 

0.84 L: 0.88 
....-,.,,., ', 0.34 0.68 li,U_*....",.,- 

. .  I . - ~ . ~  . 
4. Bemale, 72 ;years old, cervical cmcinamai Sr 85 and Ca 45 given in 

rpllk vlth each meal for 10 days. -x 

0.86 
0-77 

43s 
C a  45 retained 575 
Sr retained 

._.. .,,' :. 
,,.,.., , . , . 



5- Female, 37 y e w s  old, avazian tunor; Sr 85 and Ca 4s given in 
milk WLth each meal for 15 days (data not ccqlete) .  

Xefereace 2 

--I 

9. Placental transfer, norm& rabbitsi;.* -- 

';"PBbcentd.-f etus 0.49 
10. Lactation -- 

0.14 (different animals) Reference 3 
kn Tnilk-aie: 0-16, 0.19 - I  

CY- 2- Amer. J. Physio.1. (h press). 
c 

c 

p3 
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D E P A R T M E N T  Q F  P H Y S I O L O G Y  

951 East 58th Street 
Apr3l 12, 1957 

Dr. Charles L, D w S l a r ,  Director 
Dids ion  of Biology znd Kedicine 
United States Atomic Energy Cornissfon 
K~shbgton 25, D. C. 

Dear Cbuck, 

Tkznk you :Tor your letter of Aprll 9, 5nv i tbg  me to attend 
a session on strontium 90 on 'hesday, April 23. 

It ell be a pleasure to be present on this occasion. As ta 
travel arranserents, I plan to go by Baltimore and Ohio Railroad, 
Chicago to k;a.shington, on April 22, and t o  return to Chitage by United 
A i r  L h e s  f l i g h t  nu;;?Jer 727 at 5 : f O  p=., April 2% I s h a l l  be glad to 
kcx-e the t r z v e l  request r2de out accordingly. 

Looking fomard to seeing you, 
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Th* U N I V E R S I T Y  O F  C H M A G O  
C H I C A G O  39 - I L L I N O I S  

D E P A R T M E N T  OF P H Y S I O L O G y  

951 East 58th Street 
April 12, 1957 

Dr. Charles L. D u n h a q  Director 
DfHsion of Biolow and Xedicine 
United States A t o d e  Energy Comisaion 
1;ashington 25, D. C m  

Deer Chuck, 

Thank you :tor your letter of A p r U  9, inviting ae t o  attend 
a session on strontium Po Tuesday, A p r i l  23. 

It w i l l  be a pleasure to be present on this occasion. As to 
travel arrangements, I plan t o  go by Belthare and Ohio Railroad, 
Chicago to Vashington, on April 22, and t o  return t o  Chicago by United 
A i r  L h e s  flight n u h e r  727 a t  5;:jO pn., April 23. I s h a l l  be glad t o  
h2ve the  travel request made but accordhgly. 

Looking forward t o  see% you, 



h 
c 

. .  
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I .  

hsr I&. Vestem: 

!Baask yeu f o r  your letter of Apri l  9 in r e w d  to the 
I appreciate being moettiq scheduled for Tuesday, April 23. 

ksked, air course, and W r l l  deflnitPly be on haad, 

this W t t e r  with B i l l  newan and bave come up wlth a suggested 
U s t  o f  topscs :Per prsaentatien snii dlecussloa. 

Polloulag our telephone ' canversation, I have diecussed 

1. b f i u l t i o n  of terns for exgreasion of d~ficrlrainatlon. 

a, Single tracer lifetirpe feedlagj 8 b b k  &/Cm 
analysisp double tracer study 

b. halyaie  of single dose resulta 
C .  FXnor discrt1~Z~5tOry processes; blood to bonef 

biliazy excretion; endogenous emrettoa 
8. bhjor diecr i t zhstory  proceseeta; ebeorgtion, urlnazy 

excretzoa, placental tranefer, laetstZoa 
e. VazZEblee t b t  rasy affect dl6crimhation; ~ ~ 8 8 s  ot 

die- calcium; natum of diet;  age 

4. Znterpiretatlon of ~ u r v e y  values in light of Lb~ratory 
results on diecrlrnlnation. 

e. MgcrLudnatLoa factor in 
b. Weigbttng of results frcm w e 8  of spel f ic  bone6 
C .  Rablm of vazietion 



. .  
f 

v 

Dr. F o h e s t  Western 

Since there l e  much c a t e r i d  to coyer, my an*thou&t& vere 
b present the ,pertinent experimental data aa ~ E U  as over-all resul ts  
were cancerned, end t o  dfscusa only a e  much t h e o y  es necesssry to 
permit the needed genedKoatians. 
grobably be better to have both or us c a r y  on the diacuizsfon of esch 
p d n t  as it E O ~ S S  up. We thought this nZ@t world  sow repetition 
and pennit coverlug each pzrtlcular espect at  m e  flm. If you f ee1  
It better to hsve each of UB nske  an individual presentation, I vould 
appreciate the opportunity of speaking first stnce much of the dab 
thst  we have obitshed on these nstters is d i r e c t l y  applicable t o  the 
relevaat questions, and this miat w o l d  raising iasuea for which ve 
have ~ o m e  fair3y good answer6 already. 

I vill e~upl~zsZze thet the  above thoughts ere only s u ~ s t l o ~ a  
and I vould appreciate receivlng any coments In regma to c b n g h g  
t h e  approach or emphasis as you Beta fit. 

Nam-sm and I thought if muld 

Best regczds. 

.c 
c 
c 
0 

h 

- 
c 

SLncerely yours, 

c. L. copar 
ehlef, 31ornzdical Research 

I . .  
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OAK EIIDGL INSTITUTE OF NUCLEAR STUDIES 
inconvama- ' 

P. 0. nor 117 

OAK R l D G L  TENNESSEE 

lhar chuck: 

Dr. mtt6 recently claZled on w for 8 s u m  of Sr-CS 
d i s c 1 ; ~ t I o n  factors that Ik. Idbv could use. 
for your fnf'ora;Btlon B copy of the -*rial forvsrdzd. 
essentially the aemo es presentedbefore your meeting on b t e d  
er?Zttere l a  heember except that results om a 9 year old boy hwe 
been W e d .  

mere i s  atmobad 
m e  is 

2.d 

c. L ml'= 
Chief, Bitmedical Reseprrcb 

" US D C E  ARCHIVES 
I -  

O d 3 t l  CINtJlH3IH 0 3 3 3  WtlES:OT S6,  &? 6 3  
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c. L. C0ma.r 
12/3/56 

%=e Recent Rnferemes on Nztabolism of Nsslon Prorlucts 

sw 1- " & ~ O k 5 0 b p e S  i n  the Study of Mineral Vetabol i sm",  Regress in Nuclew 
Energy, Series VI Biologiczl Sciencesp Vol- 1, 153 (1956). 
uetabolism of calcium, strontium, and iodine from standpolat of 

Reviev of d- 
- i L M  
, -  -.#Q# ' 

\ 
;p - > physiology, nutrition, esld health hszzrds of fission products- 

2, "Coqarative U t i l i z a t i o n  of Die- Sr 90 and Calcium by Ikveloping 
Rat Fctw and Grcsring Eat", Roc.  Soc. ET. Bid. and Ked. 2, 232 (1955). 
Ratio of S r  to Ca u t l l i z a t h n  from diet vas 0.28 for the ret and 0.20 
for the fetus. 

n 3. Strontium-Calcium Discriaination Factors in the Rat", Proe. SOC. Em. 
B i o l -  acd Psd, 92 i' 859 (1956). Definition of terms, description 00 
double tracer experiEznts. Ratio of & to Ca ut i l izot io l l  from non-milk 
2iet vas 0.27, f r o m  m i l k  d ie t ,  0.51; this vas related absorptiw 
process. Absorptive and urinary discrlmhation were most important. 

4. "me Influence of Amino Acids and Other Organic Compmnds on the 
Ges t rok te s t ina l  Aksarstior? of Calcium 45 and Strontium 89 in the Rat", 
J, I?utrf t lon 59, 1371 (1356). 
doubled Ca maSr absorption in the rat. 

Xactose, lysine and arghtne almost 
Sr absorption vas iocreesed 

by t h s e  substaxes ~ i ; s ; . e  than vas Ca absarptbn. 

"Absorption o r  Ca:Lcium and St ront ium F r o m  Mllk and N o d l k  Diets", 
accept2d for J, Mutrition. 
re ten t ion  of Ea G q o r  S i  in m, rats, and cattle, 

~ ~ ~ u ; - ~ ~ C 5 .  
a '  - bbn22 3 

I- \-A rabbits or  chicks.. 

Milk Increased markedly the absorptlorr and 
NO effect on 

6. "Species Differences in the Gastrointestinal Absorption of' Ca 45", 
submitted to Arch.. Biochem. 
Ca absorption in rats b u t  not in chicks. 
subs"5ances and V i t .  D w e r e  generally add2tive- 

"Endcgtnous and B i l € w y  Excretion of C a l c i u ~ - b 5  and Strontiuma9", 
Am&. Slothem,, ia press, In the dog, t v i c a  2s much Sr vas excreted 
in tiit bi le  es ~ a , ,  and ZQ$ DOre ~r through the intes t inal  mucosa. me 
contrlburtion to t h e  over-all discrimination by these routes vas small. 

"The Cmprative I + t a b l i s m  of Sr 89 and Ca h!5 by &ne Grovtb in Vitron, 

-sine, arghine and skim milk increased - 
%e effects of these 

7. 
_L 

8- 

e 
c 

accepted for Proc. Soc. Em. Biol. and Z&d. Uslng chick embryo bone 
in t i s sue  culture. Sr entered bone 1.06 times fas t e r  than CS but vas 

7 

released 1.2 tims faster thzn Ca. 
cf 
0 - a6 kterniced ty IPeritmeal Lavage", in preparat5.on- use of 
E 
h 

9. "Mfferential & m o v a l  of Sr a5 and ~a 45 %om t he  Skeleton of Rats 

peritor.er,l iavage iu rie?-hrectoaLzed rats it %as shorn that Sr vas 
preferentially released from bone by a factor of 1.3 over Cas 
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1- 

2. 

3. 

b. 

Strontim-Calcium Qtserved Patio (a) 

4.3 5 -2 

0.68 0.34 
0.W 0.88 

FerrXe, 72 years old, cervical  c a r c i n e ;  Sr 85 and Ca b5 d v e n  In nllk 
w i t h  each meal for 10 WS. 

0.66 
0.7b 

2.8 

0.06 

lc2.79( 
57.6 

0.77 

8.  Iactation 



F 
c 
c 
0 

4 
5 

L 

Mllk 
0.57 
0.16 

h.3 

0.8k 
0.a 

5.2 

0.m 
0.34 

6. F9aeentd transfer, normal rats. 

0.17 
0.U 
0.63 
0 . 6  

7- Placeatel trznsfei, no-1 rabbits. 

DFplace rIt31-f etus . 0.89 

8 .  Laetat50~ . 

US DOE ARCHIVES 
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Wlth referenat to your final paragraph, X certainly agree that 
uktever our general polltical or sociologlcal attitu&a bo, 
all of as rraret; and should contribute to the scientific study. 
I ‘c-as very lstxwested fn your conaentr about the significance 
of the data ~ l r t a & ~ ? U  on ribs and other operative ?-Jteriels I 
o s c e  w i t h  pi tbst only tbe averam can be &rived from f h s e  
data at #e present, Plans are being W to do flu-ther work 
on their ai@.ficance for the distribution curve. I am nov in 

He @.a a very large spread f r c x  hirr rib data vhich iS entinl;l 
d i s C U S S I O n S  4 . t h  Q t X  Of t h  Sunshine ~ S e W C h f X S  thi8 

vl.th the spread o3served for natural Sr and fm vLo.la 
from stillborn babier. 



. 





Q7973 L 

T r ,  C. L. Corn 
Chief, F i o x d i c a l  T,ose-?rch 
CaEr %<&e Institute of !Juclcer Studies 
P.C. Box 117 
Oak %dge, Tennessee 

TC2.r C p i l :  

Therks f o r  the d r a f t  Oi the s t r o n t i u n  rer,ort. 
together so p r q t l y  mst Pave been sozm2iat of a chore, Ale-nder 
(Seo, 0,) aqd. ?al?h I325bauii have given xx the l a t e s t  s;ectrogra?Mc 
dr,ta 03 stzble Sr and Ca analysesm of 
vabe for the b e r v e d  r a t i o  of (Sr/Ca) bcne t (Sr/ca) d i e t  is 0,fi + 
C.P3. 
of c3etary Ca r.?ic?I cor-mes f r o 2  d l k  prcducts, and 0.28 as t5e f rac t ion  
ca-3n.g fro2 vegeLbbles, frlits end cereals .  
t:l_e t=xclcsed sheets fro3 ?d?h ;Lqd Ilex could be included in b t t a c b n t  

To put all th zaterial 

ribs a d  diet.  Our ?resent 

';?b 2?pUes t o  the u;:.lole po?-d.aticn, using 0.72 tis the f r a c t r o n  

I xoald a??reciate it if 

I of yair Crlft. 
: . . rFst r7~2* to  yo^ and :.'n . Co3a.r. 

Cordially, 

' .  3. s, :.kccozlald 



MEDICAL DIVISION 

OAK RIDGE INSTITUTE OF NUCLEAR STUDIES 
IHCORPORATED 

P. 0. BOX 117 

OAK RIDGE.  TENNESSEE 

31924 

Ilr. WilLard F. Ubby 
United S ta t e s  A t o m i c  Energy Coaznission 
Weshington 25, D. C.  

kar Dr. Libby: 

and other material i n  connection with the  strontium problem. 
is  very he lp fu l  In lreeping ne abreas t  of dcveloprcents in o the r  
labora tor ies  . 

I apprec ia te  very much your sending me copies of correspondence 
TMs 

I YBB e s p e c i a l l y  happy t o  rece ive  the copy of Eardin Jones' 
l e t t e r  t o  you i n  whjlch he registers a g e e m n t  with sore of our 
discrimination data. 
rather vt1con;t the heal thy skepticism of colleagues I l k e  m n  Jones 
end Bill Kcupan. 
look over the  dsta carefully they usually come up i n  good agremen t  
with our r e s u l t s  enti i n t q g c - t i o n s .  

I have no object ion,  as a atter of fact I 

Ae3 you K I - l l  note, vhen they r e a l l y  s i t  down and 

S x e  very recent work on p a t i e n t s  receiving double t r a c e r s  of 
strontium and calcium on a nomilk d i e t  i s  sti l l  giving us a discr iminat ion 
egainst strontium not  much greater than 2. 
every effort to see if it is poss ib le  that a discrimhation as high as 8 
nay occur; at the present  time, however, we have no real i nd ica t ion  of 
this. 

We are, hovever, exerting 

Very  truly yours, 

Chief, BioE4lcal  Research 

c c :  Dr. Charles Duliham 
F 
c2 
c7 
ti- - 

I I 
3 



United S ta t e s  
ATOMIC ERERGY CO~~ISSIO~I  

Vashington 25, D. C. 

December 13, 1953 

D r .  Cyr i l  L. Comar 
Chief, Biomedical Research 
Oak Ridge I n s t i t u t  e of !Tuclcar Studies 
P. 0. Box 117 
Oak Ridge, Tennessee 

Dear C y r i l :  

I wond.er whether you would be so kind as t o  give me 
your considered estimate of the average f a c t o r  by which 
the  human body discriminates aga ins t  S r  r e l a t i v e  t o  Ca 
i n  i t s  assimilat ion processes. 
f ac to r s  of 2 and 10 a t  the  present time and I wish we 
could s e t t l e  more f i rmly nn a value. 
themselves would perhaps ind ica te  a f ac to r  of 3 i f  you 
take the  body burden of two or  three-year o ld  chi ldren 
and compare it with milk i n  the  same area.  
connection, my October 12 speech data f o r  humans are 
high because they were operative mater ia l  i n  General, 
and they should be corrected downward by the  r a t i o  of 
the  pickup f o r  the mater ia l  used, such as r ib s ,  as 
compared t o  the whole skeleton. 
fac tors  i n  hmd and when he appl ies  them t o  the  data we 
obtain 0.35 S.U. f o r  chi ldren and 0.13 S.U. f o r  adul t s  
at  the  end of 1955. 

I a m  o s c i l l a t i n g  between 

Sunshine data 

In t h i s  

D r .  Kulp has these 

Sincerely yours , 

I!. F. Libby 

cc: D r ,  C.  L. Dunham 
Dr., J. L. Kulp 

Iden t i ca l  l e t te r  t o  : 
D r .  Austin M. Brues, Director 
Div. of Biological F; Medical Research 
Argonne National Laboratory 
P, 0. Box 299 

4 0 opptto I l l i n o i s  
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C)CX X D G E  IT?STITCTE OF XJCLEXR STUDIES 
P. 0. Bo:: 117 

Oak Ridge, Tennessee 

Medical Division 
December 26, 1956 

Dr. 1.7. F. Libby 
United S ta t e s  Atomic Energy Commission 
Uashington 25, D. C ,  

Dear D r .  Libby: 

This i s  i n  answer t o  your l e t t e r  of December 13 requesting an estimate 
of the f ac to r  by vhich the human body discriminates against  strontium 
r e l a t i v e  t o  calcicm. 

Attached i s  a, survey of experimentally determined discrimination values. 
It i s  noted that  the values f o r  the three  pa t ien ts  w i l l  be of the order 
of a discrimination aza ins t  s t r o n t i m  of about two. This i s  i n  apeement 
w i t h  the value f o r  rats on a milk d i e t .  
individuals  although not pa r t i cu la r ly  i n  r e l a t i o n  t o  calcium metabolism, it 
~,.rould appear t h a t  a value of about two would be reasonable t o  use a t  this 
time. 
gives scme information i n  r e l a t i o n  t o  children. 

Recognizing tha t  these a r e  abnonnal 

Other work should be forthcoming t h a t  w i l l  be more precise  and perhaps 

Dr. Elair ,  i n  !!ashington, handed m e  a l e t t e r  t o  you from B i l l  ITeunan 
JJithin the  expressing scme doubts about the milk discrimination f ac to r s .  

next day o r  so  I sMl1 wri te  you a longer l e t t e r  indicat ing scme of our 
reasons f o r  the f ac to r  of about seven as we now see it which apparently 
F e w n  has overlooked. Also I am not e n t i r e l y  convinced of the  correctness 
i n  ap2lying a f a c t o r  fox cor v c t i o n  of r i b  values t o  the whole skeleton. 
2cch a f ac to r  VOUM vary depending upon whether one i s  ta lk ing  about s ingle  
exposure or  l i f e t h e  exposure. 
as i s  shown i n  K u l p ' s  data. 
f a c t o r  t o  be cl.oser t o  one although t h i s  i s  a point  upon which de f in i t e  
evidence can and should be obtained. 

For s ingle  exposure it would be ra ther  la rze  
For l i fe t ime exposure I irould expect the 

I am sor ry  thizt I vas not aware of your l e t t e r  un t i l  I returned from 
Vashington and the:refore could not answer you sooner. 

Sincerely yours, 

cLc/, jm 
Enclosure 
C C :  Dr. C .  1,. DUhZm 

3r. i4. H, Brucer 
D r .  J. L. I h l p  

C. L. Ccmar 
Chief,  Bicmedical Research 



SLJFlVEY OF STRONTIC'M-CALCIUM DISCRIMINATIOZl 
(Stzady s t a t e ;  normal d i e t s  and Si- l eve l s )  

C .  L. Conar and R. H .  Wasserman 
Mcdical Division, OliINS 

12-13 -56 

(This t ab le  contains some unpublished data  and should 
not be quoted without permission of thc  authoi-s. ) 

1. Strontium-CaLcium Observed Ratio (OR) Xeferciice 1 

- S r / ~ s  of s m p l e  0Rsmpl.e -precursor - 
Sr/Ca of  precursor 

2. Strontium-Cal-ciun Discrimination Factor (DF) Reference 1 

Rats - m i l l s  vs non-milk d i e t s  Reference 1 3 .  -- 

ORbone --diet  
ORblood -die t 

Milk Non -rVIilk 
0.57 0.27 
0.46 0.21 

ORurinc? -diet  

oRBlood -d i e t  
- 4.3 5.2 

"?urinary 
"absorptive 

0.34 0.88 
0.68 0.34 

4. Famale 
milk v i t h  each m e a l  f o r  10 days. 

72 years old, cerv ica l  carcinoma; Sr 85 and Ca 45 given i n  ---_ t-- 

ORblood-die t 
O R r 3  taiined-diet 

0.60 
0.74 

O%r ine -d ie t  

ORblood -d ie t 
- 

DFui-inary 
DFab sorp t  ivc 

Sr 85 re ta ined  
C s  45 re ta ined  

2.8 

0.86 
0.77 

43% 
57% 



/' 
/ - 2 -  

5 .  Femclle ----A_-_-- 37 years old, ovarian tumor; Sr 85 and Ca )c5 given i n  
rililir with \::e,ch meal f o r  15 days (data not  complete). 

0.50 

b. Me12 -.---- 25 years old,  -- chronic granulocytic leukemia; Sr 85 and Ca 45 
given i n  r n i l k  with each meal f o r  10 daw.  

0'blood.-diet 0.52 

7 .  Male -&----.--- 9 p a r s  old,  cerebe l la r  medulloblastoma, Sr 85 and Ca 45 given 
i n  n i E r  w i t h  each meal f o r  5 days. 

I 
8. - Placentdl t r ans fe r ,  --- normal rats. Xeferencc 2 

oRliody of dam-diet 0.28 
DFabs orp  t ive 0.42 
D:ui-iiiary 0.53 

1.22 D''2 l a c  e II t a1 -dam 

F 
c - 

9. Placental  t r .snsfer ,  normal rabbi t s .  ------ 

DFp 3.a ce; .~  t a1 -f e t u s  0.49 
10. Lactation - -- 

1. Proc. SOC. ikper .  B io l .  and Med. 92, 859 (1956). - 
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Medical Division 

#OAK RIDGE 1NSTI"E OF NUCLEAR STUDIES 
P. 0. BOX 117 

Oak Ridge, Tennessee 

Dr. W. F. Libby 
United States Atomic Energy Commission 
Washington 25, D. C. 

Dear Dr. Libby: 

This is an additional answer to your letter of December 13 
in regard to the Sr-Ca discrimination problem. 
in discussing Dr. Kulp's ideas about correcting rib values to whole 
skeletons and Dr. Neuman's letter to you of December 18 particularly in 
regard to the milk discrimination factor. 
theoretical aspects (which vould take at least 30 minutes in front of a 
blackboard) I should like to stress the experimental data. 

I am especially interested 

Rather than detail the 

1. The Milk Discrimination Factor - --_ -.--__I 

Previous results with rats have shown that one gets the same 
discrimination results by either lifetime feeding of Sr*/stable Ca in 
constant ratio o r  short-time feeding of Sr++/Cax- in constant ratio. 
lifetime feeding with livestock is impractical one has to rely on the 
validity of double tracer experiments at present. 
should be checked by stable Sr analyses on feed, bone, and, milk. 

Since 

Eventually these 

Table 1 presents a double tracer study with goats in which steady 
state conditions were attained. It is noted that the discrisination 
against strontium was 0.18 or a factor of about 5.5. 
dairy coirs were done before the double tracer technique was used and a r e  
summarized in "Progress in Nuclear EnerGy - Biological Sciences," 
voluiie 1, page 1&3, Pergamon Press (1956). 
as single dose and partly as daily dose (steady state) experiments with 
Sr* and Ca*. 
factor of about 7. 

Experiments with - I_ 

These studies were done partly 

The average discrimination against strontium vas 0.14 or a - 
- 

In a recent summary of survey results the following table appears 
(A.E.R.E. W/R 2056, HarweU, Berks). 

Relative Sr gO/Ca Ratios Normalized to Vegetation = 100 

Vegetation Animal Bone M i l k  

U. S. 1953 100 
U. 8. 1955 100 
U s  K. 1955 100 

30 
28 
40 

16 
15  
9 
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It i s  noted that the discrimination between vegetation and m i l k  
The i s  i n  reasonable agreement with experimentally determined values. 

high U. K. discrimination is  r a the r  unexpected. 

In regard t o  D r .  Neman's l e t t e r  I am ce r t a in ly  i n  agreement t h a t  
mechanisms a re  f r i g h t f u l l y  complex and am enclosing a recent r e p r i n t  t h a t  
represents  a grea t  dea l  of e f f o r t  on t h i s  problem. 
considerations have l i t t l e  i f  any bearing on the  experimentally determined 
discrimination values. 
- a l l  of the  data. 
at tached r e p r i n t  that demonstrates no d i f f e r e n t i a l  mamnary secre t ion  of 
calcium isotopes 40 through 48 as determined by the mass spectrograph. 

However, these 

I hope t h a t  D r .  Newnan will v i s i t  us and go over 
I would espec ia l ly  l i k e  t o  point out Table 1 of the  

We a r e  s t i l l  comewhat uncertain bout absorptive discrimination i n  
runinants;  our f i r s t  thoughts were t h a t  there  was none, but  some recent  
evidence ind ica tes  that the  endogenous losses  may complicate the p ic ture .  

2. The Relationship of Rib t o  Skeleton Values. -- --..-- 

If Sr* i s  ingested by individuals  whose bones a r e  already formed 
there  w i l l  be a d e f i n i t e  and well-known pa t t e rn  of d i s t r ibu t ion  with some 
areas  of bone showing much higher leve ls  than others .  
documented i n  the l i t e r a t u r e  and is i n  agreement with Table 1 i n  Kulp's 
forthcoming Science paper. 

This i s  amply 

If an ind iv idua l l s  bones a re  formed from a d i e t  with a constant 
Sr/Ca r a t i o  I would theo re t i ca l ly  expect a constant Sr/Ca r a t i o  ( r e l a t ed  t o  
the d i e t a ry  r a t i o )  i n  a l l  bones of the  individual.  
f o r  t h i s  i s  found i n  Figure 3 of (A.E.R.E. MRC/R 2030, Harwell, 1956 
"Trace Elements in Human Tissue"). 
urn of ash i n  d i f f e r e n t  bones of s ingle  individuals.  
Sr 90 l e v e l  of the  d i e t a ry  were increasing one might expect t o  f i n d  higher 
l eve l s  i n  more recent ly  formed areas of bone. 

Experimental support 

These workers found e s sen t i a l ly  the same --- 
O f  course, if t k e  

My personal f ee l ing  would be t o  report  the r i b  values a s  obtained. 
If tumor induction or  other  change i s  r e l a t ed  t o  the loca l  concentration, 
as wel l  it might be, then such values even if higher than other bones mi;;i:t 
be more representat ive of po ten t i a l  damage. 

-_ 3. Over-all  Human Discrimination 

As indicated i n  a previous l e t t e r ,  S@/Ca* given t o  3 pa t i en t s  i n  
milk with every meal f o r  10 t o  15 days showed a discrimination against  
strontium by a f a c t o r  of about 2. 
s ing le  dose data  i n  Kulp's Science paper by means of which a discrimination 

I do not understand the  reasoning frcm 
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of 9 i s  proposed. 
rather th ink  that, there  would be l i t t l e  change of Sr-K./Ca* r a t i o  i n  bone 
with time under conditions of constant intake of Sr+/Ca*. 
await face t o  face  discussion. 

Based on above evidence and some of OUT rat data, I 

But t h i s  must 

4. S m a r x  of Discrimination Data 
I__----- ---_-- 

As a matter of i n t e r e s t  there  i s  a l i s t i n g  of physiological 
processes tha t  mty contribute t o  discrimination and f o r  which there a re  
experimental data (major processes probably contribute a f ac to r  of 1.5 
o r  more). 

Physiological Process ------.-..-.--I- 

Absorption from gut (major) 
Urinary excretion (major) 
Movement from blood t o  bone (minor) 
Movement from bone t o  blood (minor) 
B i l i a ry  excretion (minor) 
Endogenous cxcretAon (minor ) 
F e t a l  t r ans fe r  (major) 
Secretion i n  mi*. (major) 

Data on 

rat, man (ruminant data i s  i n  question: 
rat, man, dog 
chick embryo tme grown i n  tissue cul3.z~ 
chick embryo bone, rat 
ra t ,  dog 
dog 
rat, rabbi t  
goat, cow 

5. Plant  t o  Human Discrimination ------- -_I- 

Assuming t,hat GO per cent  of the  d i e t a ry  calcium i s  of milk or igin,  
I would conservatAvely estimate over -a l l  discrimination as f ollovs : 

d i sc r  . f r a c t .  d i sc r  . 
f r a c t .  d i sc r  . f rom of Ca from 
of Ca from m i l k  t o  from p lan t  
f rcm plant  human non-milk t o  human 
milk t o  m i l k  bone source bone 

(0 .8 )  x (1/5.5 t o  1/7) x (1/2) (0.2) x (1/2 t o  1/3.6) = 0.17 t o  0.11 

or  an ove r -a l l  discrimination against  s t r o n t i m  of 6 t o  9.  
discrimination would then range from 12 t o  18. 

Tota l  f e t a l  

Data t h a t  are badly needed t o  firm up the  above estimates a re :  

1) Discrimination i n  chi ldren 
2)  

3) 

Dlscrlmination i n  human beings of non-milk calcium as normally 
c onsunied 
F e t a l  discrimination i n  human beings 
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6. Data Tha t  Arts very Badly Needed 
----Iv--- .-- 

1. Physiological response of large mammals t o  leve ls  of S r  90 
(Cs 137) i n  the d i e t  from time of development i n  utero until death. 

de s i r e d  . I w i l l  be glad t o  expand on any of the above points  if  and when 

Best regaxds . 
Sincerely yours, 

C. L. Comar 
Chief, Biomedical Research 

crc/:m 
Enclosure 

cc:  D r ,  M. Brucer 
D r .  C.  S. Shoup 
Dr. J. C. Ku1.p 
D r .  W. Neumart 
D r .  C. L. Duiham 



Table 1 

Stron-tium-Calcium Discrimination in Lactating Goats 

August 23 through September 4) 
(Sr 89 and Ca 45 fed twice daily from 

GC.'+T W GOAT B 

$ of daily dose 
Per 

liter milk  

$ of dai ly  dose 
Per 

l i t e r  milk r. D 

24 an: .18 033 
.046 
.26 
54 

.86 
1.1 
1.1 
1.2 
1.2 
1.3 
1.5 
1.5 
1.3 
1.4 
1.4 
1.4 

1.3 
1.5 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 

A'irg, 

.13 
1 5  
19 
19 
.lj 

0 20 
e 20 
e 21 
* 20 
0 22 
.21 
.21 
.22 
2 1  

.21 

* 20 
22 
.18 
19 . lo  
19 

0 18 
0 18 . 1I; 
19 

_I_ 

.46 

8 44 

32 

34 

.24 

.24 

27 

.24 
- 

32 

075 
.16 
70 
77 

2.4 
2.9 
3.2 
3.2 
3.4 
3.7 
3.6  
3.0 
3.0 
3.5 
3.7 
3.0 

* 039 
.034 
.12 
.22 
.22 
52 
5 1  
59 
57 

.64 
7 1  

* 77 
.62 
67 

.68 . GO 
3.4. .61 
3.8 .64 
3.7 .54 
3.6 57 
3.6 .48 
3.5 .49 
3.5 .49 

3.4 .49 
3.7 e 5 1  

52 
.21 
17 
29 
092 

.13 

.16 
0 18 
.14 
17 

.20 

.20 

.16 
19 
.13 
.18 

-- 
Avg . 17 

.22 

.26 

.20 

* 23 

a 2 1  

. 1.3 
* 13 

. 21  

* 21 
I_ 

. 
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