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I n  a l e t t e r  t o  3 .  K a  son, dated Janusry 27, 1944, I surveyed 
t h e  uses of rzdioact ive isotoges in biolopy and medicine, l i s t e d  t h e  
isotopes likely t o  be most useful (based on present knovrledp), and 
pointed out  the advantages of pil'e production i n  overco;liny, Borne of 
t h e  major difficulties that have arisen in t he  past, 
in and discussion of the post-war appl ics t ions  of t h e  p i l e  2nd new 
developments i n  t h i s  tool call for t h e  ind ica t ion  of c e r t a i n  phases  not 

Prevent  in te res t  

- covared in this previous l e t t o r .  

Tie importance of Cu in t he  e luc ida t ion  of metabolic processes has 
been tressed previously. There is no o t h e r  trti er as suitable €or carbon 
as C 
of the methods by xhich  l i f e  is  wintained a t  the expense of s o l a r  enerfp, 
It has been pointed out t h a t  Cu o f f e r s  a means of reducin,c t he  endricism 
of such industrial processes as petroleum r e f i n h p  and synthetic rubber 
production; these processes are probably no more connlex t h a n  tke oxidation 
of carbonaceous compounds by iivinp orpanisms, and are certainly not as 
inportant, t o  the hwan rsce as the l a t t e r ,  

lt , and no tool o f f e r s  as much hope i n  making possible t he  undersLandFng 

3 %  9 i f ?  

?ention of m t r o l e u n  br ims  t o  mind t h e  discussion of t h e  reserves 
of enerpy-producing . sa ter ia l  ava i lab le  t o  the  inhabi tan ts  of this world 
Coal, petroleum, uranium--aU m e  materiiils t h e  utilization of v.hich for 
enerry production may not continue Inde f in i t e ly ,  
energy which will be avai lab le  to us for somethinF anproaching i n f i n i t e  

The one source of 

I time and in prac t i ca i ly  un l im i ted  y a n t i t y  is the sun. S C Z ~ P  enerry i s  
now made available t o  us on a routine basis throuph water ootier and 
t h r w g h  the synthesis, by plant life, of carbonaceous comwunc's, The 
m r s t e r y  of photosynethesis w i l l  ecme day be unraveled r i i t h  t h e  a i d  of 
CL tracer,  :vhich shows so much prwise i n  t h i s  f i e l d ,  It i s  not 

& g inconceivable that, the cbzrif 'xdeion of t h e  naturally-occurring photo- 

g g 5 
synthe t ic  mechanisns9 coxpled ~ f i t h  s i m i l i r  understanc'inc of t,he metabolic 
u t i l i z a t i o n  of the casymunds synthesized (i*e,, u t i l i z a t i c n  of t h e  
stored enerry), CSUM lead e i t h m  to the a b i l i t g  to renroduce t h e  entire 
cycle a t  r i l l ,  or &O t h e  inv+;.rit;on of synthetic nrocers Cor the  s t o r y e  
and ut i1 iza t ic .n  of s o 1 1 ~  enerryv, 'This is a long-ranre prmler?, imt, mi? 
- A t h  propor) i onalLy 2,or.q?-r,m-c resvl ts  .1 
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It s e e s  axiomatic t h s t  t he  rzost cortdex problems are t h e  rrlost 
fundamental, and thzrt these in turn are the most difficult t o  a?nforich. 
This is cer ta in ly  t r u e  i n  the c;rbon f j - e ld ,  Frorr, t h e  v-oduction of Cu 
to the bioloeical r e s u l t s  obtcitied from its use lie mAny stens,  L1JL 

can d e x  and d i f f i c u l t  . 
compounds, administration t o  b io lq- fca l  systems, co l lec t ion ,  neasurenent, 
and analysis 01’ the &ita are 111 d i f f i c u l t  stens, 
for specialists i n  t h e  r’ielc’ concerned (phyaics, chemistry, biochenistry,  
and their subdivisions of enpineering, e lec t rcn ics ,  and enzymolcyy) but 
33.~0 for those vho can bridge the gaps between these f i e l d s  so t h a t  each 
con t r ibu te s  most ef fec t ive ly  to t h e  final r e s u l t s  ., tsit,hout indivic’uals 
conversant i n  some degree w i t h  a l l  the f i e l e s  involved t h e  efforts of those 
involved in each s t e p  may be very i n e f f i c i e n t l y  u t i l i z s d ,  

Pr oduc ti cn, i s  011 t ion,  s y nt he L is i n t o  arpaAn2Pc 

S lch  cc?lls not only 

Eff i c i ent  C 4  u t i l i z a t i o n  fn b io lop lc i l  (or o ther )  f ie ld5  therefore 
involves the creat ion of an i n s t i t u t e  concerned -*:ith the woble% of 
product ion, synthes is  , and measurement and to sone dep ree f ani  l iar  c.3. th 
t h e  experimental u t i lEza t ion  of t h e  cherGcdl nroduct as t h e  bire ninifium 
(See l e t t e r  of Curtis to Stone, 8/29/44). It r.oLld be a&Jmta(reous t o  
keep t h e  entire cycle u i t h i n  the frcine of one osganizakion; t h i s  w u l d  
insure the r;?aximuo; yield of inform2tion and maxiinum ut i l izz i i ion  of 
material. 
for  a t  least two reasons: 
enterprise in its majoy effort within a fer, y e a r s  (although profitable 
discoveries may be a n t i c i p i t e d  alone lines of mZnor iqportance), and its 
long-range results are of too E r n a t  impostmce t o  the xorld at l a r p  to b e  
the property of any sinele ?roup. 
to t h e  Health Service and t he  Cancer I n s t i t u e  i n  its conception. 
Repional Laboratories alreactciy i n  se rv ice  are another exmnle of this concept, 

Such an i n s t i t u t e  should not be supportec! by any privnte  concern 
it has no g.nraritee of t u rn ixy  in to  a proiitable 

It should be, i n  a sense, ccmprzrable 
The 

In 12lJC-HG-71 (April 10, L943), 1 submitted m m e  fip,ures on t h e  possible 
. yield of Cu from ammonium s a l t s  pi led on the ou t s ide  of s. vile of ’’! s ize .  

These indteated t h a t ,  cn a small p l a n t  sc:le, one m i d ? %  mzke about P mp, of 
C 4  per day, a n  amount measurable i n  105 t o  IO6 d i l u t i o n  and p e m f t t i n g  of 
t e n  t o  several hundred experiments. By d i r e c t  exnosure in the Cl in txn  pile 
as a s i d e  l i n e  this mount can be mcle by t h e  use of 3.absratory-se:rle 
apparatus. 7,’hile 1 mp,/day would not apprmch t h e  mount necessary t o  plut 
the p o t e n t i a l  w r k e t ,  i t  nould 70 a ~ C R F  :.r.iy tomrc? meetin? rniniwm starting 
needs ant: i n  t h e  devis inr  of the necessary orpaniza t ion ,  

In the  previous l e t t e r  I made no metitien of t h e  fission products 
themselves i n  t h e  biological  fields. 
Sr have been of much use as biologdcil tr cers or as internally-deposited 
radfoact ive them?eut iz  arents. 
t o  be unessential, as chemicals, to life processes, 
dimin i sh  t h e  prosnects of any denmr’l for t h e m  as biolcr ical  t r a c e r s  or 
thcr2peutdics, 
arrumnt, 

Of those t h h t  are knom only 1 and 

The reminder known (e,P., Y, Ce, 2r> seem 
This ?.!oulCJ seem to  

tIO’sewr, possi5il i t ie.s  may be  envisioned Yihieh counter this 
h e  need PO back cn’q  a fey:: y e x s  to r i n d  the view that such 

h 9 
elements as Cu, !h9 Zn, ekc,,  v;ere n o n - e s s x t i a l  to l i v i n  
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we now know, is not  t he  case. 
in fission may Likexise turn out to have positive biolocic'il functions. 
Furthernore, other  species nay enter  t h e  field as t h e  result of inves t i -  
ga t ions  in fast f i s s i o n ,  and in t h e  f i s s i o n  of materials other than urmiurn. 
The frrct t h a t  ;it least Sr and I are def in i te ly  -in demznr! B V : ~  now rives US 
considerable secu r i ty  in predictinp that mch b i o l c r i c z l  use wy be made 
of t h e  fission mecies tbenselves, 
biolw€cal  f'unction does not n e m  the lack of c F c i f i c  bioloriccrl proper t ies ,  
xhich my ::id up i n  a spsc i f ic  .medic:l or other orxt ic . - . I  use. 
metabo'lirrm or Y3 or its con-mrmis, YB uncovzro? by tracer i n v a s t i v a t i o c ,  
may, for exm-le, w k e  m s s i a l o  its use on a t ke r ' i ceu t i c  sca le ,  

It is possible that, the elements occclrring 

Furtherrore, the lack sf a s n e c i f i c  

The 

iror shoulC the use of fission Droducts AS ncn-specific sources of 
r ad ia t ion  or non-specil ic trdcers (biologicsl ,  c!&,zi.chl 
be overlooked, 
for a soluble, beh';a-einitti.ng, ca r r i e r - f r ee  source of curie s t rength .  2:any 
f i ss ion products could :uaLify fo r  such a usea 
product ourelg as a source of radiation is not dspendent upcn its  chemical 
nature, but only u p m  the properties of i t s  rac3.atiorie 
species in the nro jec t  has l ed  to t he  davelophnent ol" ~rethccls for the 
isolation of pure species i n  larre amourits, as repards activity, x i tbou t  
the use of carriers, The use of such material as .mink sources of raf'intion 
is already foreseen, 

or  indus-rial)  
In cer tai r i  orocesbes, for ex;wnr?ie, the only need m y  be 

And the use of a f iss ion 

The need for fissior 

Conclusions: 

1. The use of p i l e s  Tor t h e  nroduction of radioactive tracers or 
radioactive sources shculd be constdered to  include those nroduced by 
f i ss ion as well as thcse produced I J ~  neutron bor?bardment of material 
foreign ta tbe p i l e  prcper. 

2, A large-scale and long-range Cu project, to inc lude  all steps from 
production to f ina l l  b iolor ical  util ization, should be initLated by the 
government to insure eifective use of this tool in discovering the essential 
facts concerning the stornpe and u t i l i z a t i o n  (photospthesis and carbon 
metaboAism) of solar energy 


