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Tremendous s t r i d e s  have taken place i n  the p a s t  decade i n  man's 

capacity t o  make radioactive atoms. 

atoms is now close to  one thousand. Radium 226, the Isotope of radium 

The number of known kinds of manmade 

whose medical use generated t h i s  Society, I s  now j u s t  one of hundreds of 

useful radioactive species.  The to t a l  a c t i v i t y  of radfoactive materials 

produced by nuclear chain reactions,  both controlled and uncontrolled, 

8 tagger: the imagination, 

p a r t i c l e  accelerators have increased a thousandfold and more. Thus, man 

is now i n  the fortunate technical posi t ion of being able t o  develop pro- 

duction of any desired radioisotope i n  su f f i c i en t  amount and puri ty  t o  

meet a l l  demonstrated needs. 

The energies and beam in t ens i t i e s  of nuclear 
2 

Physicians and medical research workers a re  already making good ure 

of those isotopes tha t  have become readi ly  available.' Of the potent ta l ly  

available radioisotopes, however, only a dozen o r  so are  used routinely in 

diagnosis and therapy, and fewer than 100 i n  medical research. 

i n  rad ia t ion  instrumentation, isotope scanning techniques, whole body 

counting, i n  v i t r o  diagnosis and combined radiation-chemotherapy w i l l  

Progress 

*Presented a t  1962 Meeting, American Radium Society, New York City, 
April 2-4, 1962. 
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DISTRIBUTION OF 1IEACTOR RADIOISOTOPES 
FROM OAK RIDGE NATIONAL LABORATORY 

August 2,1946 - March 1,1962 

TABLE Ia - Items Totaling Over 1000 Curies 

Isotope Shipments 

Cesium 137 
Cobalt 60 
Gold 198 
Hydrogen 3 
Iodine 131 
I r i d i u m  192 
Krypton 85 
Phosphorus 32 
Promethium 147 
Strontium 90 

1,792 
2,755 

743 

48,805 
992 
608 

31,030 
509 
990 

1,379 , . 

Total 89,603 

TABLE I b  - Items Totaling Less  Than 1000 Curies 

Isotope Shipments 

Calcium 45 
Calcium 47* 
Carbon 14 
Chromium 51 
Iodine 125* 
Iron 59 
Potassium 42 
Sodium 24 
Strontium 89 
Sulfur 35 
Xenon 133 
Others (13 70 radioisotopes) 

2,905 
331 

4,139 
1,669 

76 
2,965 
3,311 
2,818 
1,178 
4,916 

25 
45,254 

Total  69,587 

GRAND TOTAL 159,190 

* 
** Distributed only s ince October 1961 

Distributed only s ince Ju ly  1960 

Curies 

222,533 
1,058,869 

1,019 
150,293 

7 , 324 
47,187 
15,063 
1,962 
4,893 

100,408 

1,609,551 

Cur ies 

36 

156 
83 
1 
10 
54 
22 
61 

183 
648 

1,824 

0.4 

3,078 

1,612,629 

. .  

0 

I 
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A(t) = P 

where A(t) is  the activity produced as a function of exposure time &, Tf is 

the half life of the radioisotope produced, and p i s  the rate of production. 

is directly proportional to the neutron flux and the nuclear transfor- 

mation characteristfcs of the target material; i. e., the cross section for 

the production PPQC~SS of interest as well as for competing reactions. For 

an inffnit 

certain maximum activity would be reached where production is equal to 

radioactfve decay. 

for more than three half lifea. 

long exposure and a constant amount of target material, a $u 

For practfcal purposes irradiations are seldom cpnducted 

"his simple expression for radioisotope production is complicated by 
\ 

devera1 factors: a number of nuclear reactions m y  be occurring simultane- 

ously, a significant amount of the target may be used up in long irradiations, 

and the desired product may itself undergo nuclear reactions. 

If the radioactfve product has a high cross section for neutron capture, 

it will be "burned up" in long exposures. Burnup may be undesirable not only 

because of loss of the valuable materfal but also because the isotope 

produced by the sequence of neutron absorptions may itself be radioactive and 

have undaairable radiation characteristfcs. In such a case, a brief 

irradiation fn an intense flux is desirable to avoid the production of 

Significant quantities of the unwanted radioactive contaminant. Prompt 

removal of the desired radioisotope also may be needed to avoid burnup or 

to minimize secondary reactions leading to radiochemical impurities. 
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Simply t o  greater  spec i f ic  a c t i v i t i e s .  

moderate cross section for  neutron absorption, thus forming cobalt  61, 

rad ia t ion  contamination is avoided because of the short  1.65-hour half  

l i f e  of the l a t t e r ,  which decays to  a s tab le  nickel isotope. 

of nickel produced is usually so minute tha t  it does not represent a SFgni- 

f i can t  impurity nor does it reduce the ac t iv i ty  of a given source t o  a 

serious extent 

Although cobalt  60 i t s e l f  has a 

The quantity 

, 

If the ta rge t  element consis ts  of a mixture of s tab le  isotopes, 

several  concurrent nuclear reactions may go on, leading t o  a mixture of 

radioisotopes of the same element tha t  a r e  not separable by chemical means. 

In some cases, however, the product isotopes d i f f e r  so great ly  in decay 

r a t e s  t ha t  a feasibly short  storage time w i l l  r e s u l t  in material  con- 

s i s t f n g  pr incipal ly  of the longer-lived radioisotope. 

may be e s sen t i a l  t o  separate the s t ab le  isotopes before using them as 

t a rge t  material. 

In other cases it 

One of the most important fac tors  in the production of i ro topica l ly  

and radiochemically pure materials has been the increased ava i l ab i l i t y  

of higher neutron fluxes. 

it was necessary t o  r e so r t  t o  transmutation, f i s s ion ,  o r  Szilard-Chalmers 

reactions with subsequent complicated chemical i so la t ion  procedures t o  

obtain radioisotopes O €  high spec i f ic  ac t iv i ty .  With several  reactor6 

avai lable  fo r  isotope production with neutron fluxes of 1014 neutrooa/cm /rac 

o r  greater  (Table If), sa t i s fac tory  material  can now be obtained i n  many 

cases by simple neutron capture reactions. FLrther increases i n  f lux t o  

Before the advent of intense neutron fluxes, 

2 
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15 2 the 10 n/cm /scc region as i n  the new High Flux Isotope Reactor (HFIR) 

under construction a t  Oak Ridge w i l l  extend th i s  trend. 

Schef.lul.:d Cot- completion i n  1964, the HFIR i s  intended primarily as 

a production f a c i l i t y  for  gram quant i t ies  of californium and other trans- 

plutonium elements, but it w i l l  a l so  have space fo r  production of useful 

medical isotopes. Its f lux of 3-to-5 x 1015n /~2 / sec  w i l l  be the world's 

most intense neutron flux. 

with spec i f ic  a c t i v i t i e s  over 1000 times greater  than with the or ig ina l  

This w i l l  permit production of radioisotopes 

X-10 graphite reactor.  

Almost a l l  radioisotope production would be benefited by having 

higher-flux reactors  available.  In  par t icu lar ,  much higher spec i f ic  

a c t i v i t i e s  of short-l ived isotopes could be produced -- unless burnup of 

the desired product is a fac tor ,  The short  ha l f  l i f e  makes i t  practical 

t o  go essent ia l ly  t o  "saturation," whcrc thc ra te  of production is  equal 

t o  the  rate of decay. 

i 

Saturation i s  t h e  tht,ovetical maximum production and 

i n  a l l  cases is d i rec t ly  proportional t o  f lux ,  

of high f lux  from Table I11 is i n  the production of sodium 24, which has a 

An example of the advantage 

15-hour ha l f  l i f e  and a very low cross sect ion for  neutron absorption. The 

ten-times-higher f lux gives material having ten times the a c t i v i t y  per gram 

of s t a r t i n g  material. 

On the other hand, a high f lux  is of l e s s  advantage when the rhort-  

l ived  product has a high cross sect ion fo r  neutron absorption. In t h i s  

case, maximum production is  mch  below the saturat ion value. Gold 198 

is  an example. As shown in  'I'ablr LII, it has a high cross sect ion for  



burnup of 26,008 barns, Less than twice the a c t i v i t y  per gram of s t a r t i n g  

mater ia l  can be cbeai-aed in t h i s  case  OH a ten-fold increase in flux. 

With high fPuxe8, reactor  i r rad ia t ion  could be continued beyond the 

This point of maximum produetisax in order t o  Rurir t r  ! I : O T  c' -- t a m  atoms. 

has s . i 1 ~ ~  6 t f c c ~  of %.ncreaBing eke  true S ~ C + C L : I . *  dckivity (curies of desirmi 

isotsp2 per  gram of Leo element), At: the s m e  t i m e ,  if the cross section 

of the p r ~ d u c t  is cc3nparable t o  01- higher than t ha t  of the target ,  burnup 

of the product f n t . r ~ d ~ ~ ~ ~  other elements by transmutation reactions.  

fore,  t o  take f u l l  ac;;wmtage of the i n e ~ e a s e  in spec i f ic  a c t i v i t y  through 

ta rge t  'burnup, it is ca%esompry t o  chmicallly separate the &sired product 

element, In the case, sf cobalt  60, for  example, i t  should b c :  possible by 

very intense neutron irradiaeion of cobalt  5 9 ,  followed by chemical separation 

There- 

of the transmutation product an8c..kaID to closely achieve the theoret ical  spec i f ic  

a c t i v i t y  of 1140 curies per grm, 

however, the theore t ica l  spectfbc a c t i v i t i e s  are so enormous tha t  a t ta in ing  

them would be imptact%cxA by this method even i f  desired. 

For shor t  l ived isotopes such as sodium 24, 

A s ign i f i can t  advmtage of high-flux reactors is the poss ib i l i t y  

of producing $ i g h - a p a e P f b c - ~ c t i v i ~ ~  material by (n, d 

now be made by neutron trmsmu8ation of another element, with subsequent 

expensive chemieal separation. Phosphorus 32, fo r  example, which is  made 

by neuersn bombardment of sulfur, could be made d i r ec t ly  from a s t ab le  phos- 

phoruo 31 ta rge t ,  With a 1025 aeutron/cm2/sec flux, a c t i v i t i e s  of more than 

100 curies  per gram could be obtained by t h i s  route a t  a great ly  reduced cost .  

reactions tha t  must 
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electromagnetic reparatom, As a r e s u l t ,  thc i a t i o  of ac t iv i r i ea  of a 

desired tadioisotope t o  uuwasxted radioisotopes may be r a i sed  t o  8lmort 

a&y desired value. 

n t t f c  separation program over 15 years ago w i t h  the enrichment: of two 

s t ab le  i s a top t s  bf copper, The prograr. - .n. , ‘ ~ I ,. tl I I the known 

s t a b l e  isotopes -- more than 250 -- are nw. routin-ly avai lable  in  

. 

Oak Ridge National Laboratory began its  clectromag- 

. . .  

enr icElcG iorn,. ’ 

. Examples 0; Letter and l e s s  expensive radioisotope preparations pro- 

duced from enriched isotopes are  chr-ium 51, from enriched chromium 50; 

i ron  59, from enriched iron 58;  and calcium 47, from enriched calcium 46. 

Calcium’47 i8  par t icu lar ly  in te res t ing  because there ha8 long been a need 

fo r  a ganmra emitcing isotope of calcium.. Calcium 47 is ruch .o i80tOpe 

but is a l so  an example of a d i f f i c u l t  material. t o  prepara.wit40ut isotopic 

entiehment of the target .  

0.00339.; thuq one kilogram of .natura1 calcium must be put through an 

The natui .?i, .: ! * I \  ‘ m c c  of calcium 46 is only 

electromagnetic separator t o  co l l ec t  only 6 milligrams of calcium 46. 

Since the product material  s t i l l  contain8 some calcium 44, the reactor 

i r r ad ia t ion  produces calcium 47 contaminated with calcium 45 ,  

of calcium 47 avai lable  on a routine basis  has been raised t o  Ca47/Ca45, 

r a t f o  of 40: l  (when shipped), 

The 8c t iv i ty  

As a r e s u l t , a f  the use of enriched Lootopee, much higher rpac i f ic  

a c t i v i t i e s  of the most..useful isotapcr can be produced i n  a given reactor 

(Table. I V )  . 
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Fission Products 

Fission of reactor  fuels  leads to  an intensely radioactive mixture 

of approximately 200 radioactive species, The ha l f  l ives  of the f i s s ion  

fragments range from microseconds t o  mill ions of years. Included are such 

medically important radioisotopes as iodine 131, strontium 90, cesium 137 

and krypton 85. Iodine 131 i s  currently made at Oak Ridge National 

Laboratory by neutron f i ss ion  oi. higl - ly  rmichcd  uranium 235. This is a 

economical process but not su i tab le  for  production by pr ivate  indus t r y .  

because other f i s s ion  products are produced and must be handled. Iodine 

131 made commercially is produced by the reactor  i r rad ia t ion  of te l lur ium.  

The great  quant i t ies  of radioactive wastes produced when reactor  

f u e l  elements are processed to  recover unreacted uranium have long been 

recognized as v a l . w b k ~  reservoirs  of long-lived f i ss ion  products, such as 

strontium 90, cesium 137 and cerium 144, fo r  use i n  medical therapy, 

isotopic  power generators and heat sourceso 

A milestone i n  making available very large quant i t ies  of f i s s ion  pro- 
4 .I 

ducts, such as  cesium 137, was the completion of the  Fission Product 

Development Laboratory a t  Oak Ridge National Laboratory. This f a c i l i t y  

makes possible separation and pur i f ica t ion  of k i locur ie  t o  megacurie 

amounts of the important long-lived f i s s ion  products. 

For teletherapy purposess the  advantages of having cesium 137 as 

f r ee  as possible of cesium 134 Contaminant are  well recognized. 

i n  radiat ion output with a mixed source a re  s ign i f icant  over a f a i r l y  

Changes 

short time since cesium 134 decays with a 2.3 year half  l i f e ,  while cesium 
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simplici ty  of cesium 137 separation and preparation for  shipment indicates 

t h a t  massive quant i t ies  of the material  can be made avai lable  a t  reqaonable 

cost. 

Accelerator-Produced Radioisotopes 

Throughout the period 1934-1945, most radioisotopes used were produced 

i n  cyclotrons . Today, the cyclotron complements ra ther  than competes with 

the nuclear reactor for  production of radioisotopes. Tbe cyclotron is an 

7 

important source of cer ta in  medically useful isotopes t h a t  cannot be produced 

i n  a reactor .  Cyclotron-produced isotopes frequently are those tha t  l i e  on 

the neutron-deficient side of the nuclear s t a b i l i t y  line. These decay princi-  

pa l ly  by positron emission or o r b i t a l  e lectron capture. 

Cyclotron-produced radioisotopes, i n  general, have a d i s t i n c t  advantage 
i 

of high spec i f ic  ac t iv i ty  since they ord inar i ly  are isotopes of a d i f fe ren t  

chemical element than the ta rge t  and hence can be chemically separated i n  

car r ie r - f ree  form. 

While numerous cyclotrons i n  the United States produce radioisotopes 

t o  a ce r t a in  extent,  the pr incipal  source of those made avai lable  cmmercially 

is the  unique high-beam-intensity 86-inch cyclotron a t  O a k  Ridge National 

Laboratory, 8 

The construction of the 86-inch cyclotron is  novel i n  tha t  it is a 

v e r t i c a l  cyclotron i n  which the dees hang suspended between the poles of 

a 400- ton magnet. 

which produces protons with energies up t o  23 MeV. 

is  t h a t  high beam currents of 1 t o  2.6 milliamperes can be rout inely 

It is otherwise a conventional fixed-frcqccncy machine 

The important feature 
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TABLE V 

SOME RADIOISOTOPES ROUTINELY PRODUCED 
BY OAK RIDGE NATIONAL LABORATORY 86-INCH CYCLOTRON9 

Isotope Half -Lif e Radiations * 
Beryllium 7 
Sodium 22 
Vanadium 48 
Mangkese 52 
Iron 55 
Cobalt 56 
Cobalt 57 
Cobalt 61 
Arsenic 74 
Strontium 85 
Yttrium 87, 88 
Yttrium 88 
Technetium 95 
Rhodium 102 
Palladium 103 
Cadmium 109 
Iodine 124 
Barium 133 
Cerium 139 
Promethium 145 
Promethium 148 
Promethium lSO-_ _ _  - , \  

Europih 146 5 

Europium 147 
Europium 149 
Gold 195 
Thallium 202 
Bismuth 207 

53.6 day 
2.6 yr 
16.1 day 
5.5 day 
2,9 yr 
77.0 day 
270.0 day 

1.65 hr 
17.5 day 
65.0 day 
105.0 day 
105.0 day 
20.0 hr 
210.0 day 
17.0 day 
1.3 yr 
4.2 day 
7.2 yr 

140.0 day 
18.0 yr 
42.0 day 
2.7 hr 
4.4 day 
24.0 day 
120.0 day 
185.0 day 
12.0 day 
28.0 yr 

b ' ,  EC EC, d 

b' 
d 

d 
A, * I /  

EC, d 

EC, electron capture 
* Energy values may be found in various nuclear data tables, which are 

conveniently.Eisted 'in reference 10, 
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ce r t a in  advantages or unique applicrt ions tha t  make i t  worthwhile t o  

consider the i r  ava i l ab i l i t y  and po ten t i a l i t i e s  as  a group. 

low energy radiat ion emitters or positron emitters may be considered as  

groups. Awareness of production progress i n  such special  categories of 

radioisotopes may lead t o  employing them i n  broader applications. 

Similarly, 

Short-Lived Isotopes 

Short-lived isotopes have s igni f icant  medical  advantages: (1) 

Larger quant i t ies  of ac t iv i ty  can be administered to  pat ients  t o  obtain 

a higher responsep ye t  the t o t a l  exposure may be considerably reduced; 

(2) Tests may be repeated frequently; (3) Costs of waste disposal and 

problems of Contamination are great ly  reduced or eliminated. 

Moderately short-l ived isotopes (several  hours to  several  days) are 

produced by reactors  or  accelerators with no par t icu lar  diff icul tyiexcept  

the need fo r  f a s t e r  chemical. processing and u t i l i z a t i o n  of air  transpor- 

ta t ion .  

distance by a i r  f re ight ,  thus a great  var ie ty  of short-l ived radioisotopes 

can be shipped and used successfully,  

short-l ived reactor-produced, regular ly  avai lable  radioisotope&. 

Almost any point i n  the United S ta tes  is l e s s  than a day's 

Table V I  lists dome moderately 

The use of short-l ived isotopes in the medical f i e l d  CUI be great ly  

A consider- extended by making them avai lable  i n  the use r ' s  laboratory. 

able  number of small research and isotope production reactors  are now 

avai lable  in univers i t ies  and research laborator ies  throughout the 

United States and other countries,  

t o  l oca l  use of short-l ived isotopes. 

This should permit more attention 
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A spec ia l  way of achieving local a v a i l a b i l i t y  is t o  milk a short-  

l i ved  daughter a c t i v i t y  from a longer-lived parent, i n  a fashion similar 

t o  the classical milking of radon from radium. 

There a re  some two dozen pairs  of parent-daughter r e l a t ed  isotopes, 

where the daughter*s half l i f e  is shorter  than tha t  of the parent and the 

re ia t i r e  half l ives  make a milking syseem feasible .  

which practical radioact ive "cows" have been made are l i s t e d  i n  Table VIX .  

Three of these radioact ive cows a r e  rout inely avai lable  from Brookhaven 

National Laboratory: iodine 132, technetium 99~1, and y t t r i u m  90. 

A few of these for 

11 

I 

Isotope Product 
( (Daughter) 

Barium 137 
.. Gallium 68 

Indium 1139 
.. . .IadPne. 132 . , 

Technetiu.m 99m - 
Y t t r i u m  90 
Strontium 87g 

TABLE V I 1  

SOME .RADIOACTIVE "COWS" 

Half Life 

2,6 min 
58 min 
1.73 hr 

.. 2.3 h r  
6 , O  hr 

64 hr  
2,8 hr 

Rad i a t  ions Parent 

Cesium 137 
Gcrmsnium 68 
Tin  ,..I. 13 
Tel.lurium 132 
Xolybdenum 99 
Strontium 90 
Yttrium 87 

4 

i; 2 
IC, d 
6 .  

Half Life 

30 yr 
290 days 
118 days 

77 hr  
67 hr 
28 yr 
80 hr 

- Ref. - 
1 
2 

, 3  
4 
4 
4 
5 

1. Newacheck, R, L. Beaufait, L, J,, and Anderson, E, E. Nucleonics, 1957, 

2. 
3,  
4, Reference 11, L;:;.:: L,:: . ,  
5 .  Myers, W, G 

e. 15, No, 5 ,  122-25 (May), 
G Z ~ ~ S Q ~ I ,  G. Ie Xntcrn. J. Appl. Radiation and Isotopes, 1960, 8, 90. 
Meyerp W e  J., and hidecson, R ,  L 6  ..- Xvd, .. -. .. - E?..- Chem,, 1960, 993-4 (Dee.), 

2 "  Nuclqor - - -- 1 c+-, , '!.!-)bo,, 1, J ~ . ' J ,  (!W. 1 

To obtain iodine 132 and technetium 99n1, the parent tellurium and 

molybdenum a c t i v i t i e s  aze produced as fission products and a re  separated 

ca r r i e r - f r ee  from reac tor - i r rad ia ted  uranium. The parent materials are 
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having no gama radiation, Its beta radiation, with a maximum energy of 

2.26 MeV, is higher than tha t  of e i ther  gold 198 or phosphorus 32 and 

therefore penetrates more deeply i n  the t issue.  

is considerably shorter  than tha t  of 14.3-day phosphorus 32. 

The half  l i f e  of 2.7 days 

About 5000 

mi l l i cu r i e s  of y t t r ium 90 can be milked from a 100-millicurie strontium 90 

generator i n  one year, hence it is potent ia l ly  one of the cheapest radio- 

isotopes available * 

Brookhaven National Laboratory a l so  makes available two short-l ived 

isotopes, magnesium 28 and f luorine 18, of par t icu lar  i n t e re s t  becuase 

they are produced by t r i t o n  reactions in  a nuclear reactor.  Both can be 

cyclotron produced, but reactor  production is advantageous when quantity 

production and low price are  considerations. 

28 Magnesium 28 (21.4 hour ha l f  l i f e )  is produced by the Mg26(t,p)Mg 

6 4 reaction using t r i t o n s  generated by the react ion L i  (n,t)Iie . The t a rge t  

material is an a l loy  of 75% l i thium 6 and 25% magnesium by weight. 

thermal neutron flux of approximately 1 x 

from 1 t o  2 mil l icur ies  of magnesium 28 per gram of s t ab le  magnesium are  

A t  a 

spec i f ic  a c t i v i t i e s  ranging 

produced by t h i s  method. 

Fluorine 18 (112 minute half  l i f e )  is  produced in a reactor by the 

react ion 0'' (t,n)F18 using t r i t o n s  from the L i  (n,t)He reaction. 6 4 It 

decays by positron emission and has &he charac te r i s t ic  annihilation gamma 

rays associated with it. Although the f luorine 18 half  l i f e  i s  short ,  i t  

i s  the only isotope of f luorine su f f i c i en t ly  long l ived to  serve as a 

tracer. It may a l so  f ind application i n  local izat ion work using the 

annihi la t ion gamma scanning technique. ' 
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LOW Energy Gennua end X Rajf EEitZing Isotopes 

Radioisotopes thee enit a1117 one type  or energy of radiat ion permi t  

spec i f i c  applicatdena w i t h w t  csmplira.ting s i d e  ef fec ts .  Thus, isotopes 

tha t  emit only Ew-enercgy gmma OK x rqrs have qxe ia l .  advantages for 

diagnosis or th.,.rrapy9 whbi? g',vPng l i t t l e  radiat ion dose t o  surrounding 

An exmple of a Isw cne:,.g:i mnittar is pdI!eSqium 103 which has been 

used for  internal tumor zharapy a t  zhe Argome National Laboratory i n  a 

number, of pat ients ,  

complications, 

Some subsa,ma:bal palliation resul ted with no serious 

Pakhz3tum IO3 m % & s  20 kev x says and has a 17-day half 

l i f e ,  In contrast t3 hilghax cn:rgy g n m e  emitters, it is easy to  work 

with since a ctunber6mE h a d  syrhga eo protect the surgeon's hands is 

not necessary. 

of 100 t o  500 microns, 

do not migrate from the tumor site.  

The palhdfuro is injected as palladium black i n  par t ic les  

Being highly insoluble and chemically iner t ,  these 

PtPPladium I03 has been obtained by reactor bombardment of palladium 

UnforecneiteHy, only L ~ ~ - s p e c i f ~ c - a c e i \ r i t g  material  containing metal. 

rad ia t ion  impurities such ea neutron-activated iridium is obtained by t h i s  

method.13 The prectirgar palbaadim 102 tam cr natural  abundance of only 12. 

The material  c&a be pmduced car r ie r - f ree  i e x  cur ie  quaatbties by proton 

bomberdment of rhodium, es 31%:; been demonstrated wdth the ORE&, 86-inch 

cyclotrovl a 

h d f a e  is an exnel.hnb ax&a;;l?.e o f  an e k n e c t  having a wide variety 

Or" ihe 20 kmwn radioisotopes, iodine 131 has of useful radisbsstopeo, 
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TABLE VIIH 

SOMZ LOW ENERGY PHOTON EMICTTERS 

Isotope 

Gadolinium 153 
Iodine 125 
Palladium 103 
Promethium 141 
Samarium 145 
Thulium l7Q 
Ytterbium 169 

FOR RADIOGRAPHY 

Principal Energies, Kev 

42, 70, 97 
35 
40 * 
39, 61 
52, 84+* 

110, 130, 198 

* * Bremsstrahlung froln 223 kev beta pa r t i c l e s ,  
P lus  bremsstrahlung from 970 and 886 kev beta par t ic les .  

New Methods Q% Isotope Labe%Lng 

Diagnostic and mseasch a.ppPicatiom of radiQiSQtOpe8 require tha t  

numerous complex organic ~~xapounds be Pabaled i n  various positions with 

radioactive Psofopas. The preparstton and d ia t r ibu t i sn  of labeled com- 

pounds and rad%opharmaceutirz?Ls has for many years been a commercial 

business. 

compounds. 

on s t a r t i n g  with elemental radioisotopes having high spec i f ic  ac t iv i t i ee ,  

as produced through CQZOITI~SS~OEI development and production ac t iv i t i e s .  

There a m  dozens of  companies bringing out new labeled 

The a b i 2 i . c ~  t o  F S S ~ S ~ I X  useful radiomaterials often depends 

Tritium-labeled naterjials, while l i t t l e  used except i n  resear&,have 

poss ib i l i t i e s  for both diagoosis and therapy. 

pa r t i c l e s  local ize  radiatlioe affects i n  regions as small. as c e l l  nuclei. 

The shor t  range beta 

One of the most vtaluab7.e and e m o n l y  used labeling techniques l e  

the WiLzbach self-labeling w:athod, 

exposed to large quantities oE gaseous tritium, l8 2o Modifications 

in which organic compounds a re  simply 

J 
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Source Fabric a t  i on and Safetv Evaluation 

Sealed radiat ion sources, hundreds of  which are  employed i n  U. S. 

hospi ta ls  for  i n t e r s t i t i a l  o r  teletherapy use, a r e  continually being 

improved i n  regard to safe ty  and u t i l i t y .  

increased through new methods of encapsulation, while assurance against  

damage i n  f i r e s  o r  accidents has been accomplished through improved 

containment and shielding, 

Leak prooffless has been 

Cobalt 60 fo r  teletherapy is  employed i n  metallic form, usually 

nickel  plated agafnst  corrosion, then double encapsulated by.welding i n  

, s t a in l e s s  steel capsules. Cobalt 60 used i n  brachytherapy radiat ion 

sources may be i n  the form of metallic cobalt  w i r e ,  bare or  nickel 

plated,  o r  w i r e  made from a cobalt-nickel a l loy  (Cobium). 

w i r e  may be encapsulated i n  s t a in l e s s  steel and sealed by Heliarc 

welding, o r  i n  platfnum-iridium tubes o r  needles, which are sealed 

with a brazed or  soldered plug. The cobalt-nickel a l loy  wires are 

general ly  encapsulated i n  stabless steel tubes o r  needles sealed with 

The cobalt 

( 

- 

a small ,screw plug. 

Cesium 137 i n  present teletherapy sources most commonly occurs in 

the  form of compacted cesium chl.oride, double encapsulated i n  stainless 

steel or  Monel. Although cesium chloride is  soluble, i t  does not  a t tack  

these metals and has the advantage of compactness relative t o  other cesium 

compounds. 

Beta ray  appl icators  employ strontium 90 which is incorporated i n  a 

ceramic o r  metal matrix, then doubly encapsulated i n  stainless steel and 
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Commission has undertaken a program t o  develop standard safe ty  c r i t e r i a  

for  a wide range of sealed sources. 2 3 ~ 2 4  

designs and fabricat ion technqiues have been surveyed t o  evaluate source 

Current source compositions, 

performance under a wide var ie ty  of conditions -- thermal, mechanical, 

chemical, radiat ion and pneumatic -- which might be encountered under 

both normal and abnormal conditions of use. 

help to  accelerate  the safe  use of radioisotopes by (1) providing regu- 

The resu l t ing  data w i l l  

l a to ry  groups with technical guidance i n  es tabl ishing safe  and prac t ica l  

regulatory pract ices  and (2) giving manufacturers def in i te  t e s t  goals t o  

meet . 
Isotopes Development Center 

Recognition of the  vast  potent ia l  benefit@ tha t  w i l l  accrue from 

c r ra t ive  research and development on production and u8e of radioisotopes 

has l e d  the Commission t o  es tab l i sh  an frotopes' Developmat 'hater, which 
. .  

IS located a t  f t s  Oak Ridge Wtional Laboratoqy. Broadened program of 
&4- 

baeic and advanced research i n  isotope technology w i l l  be conducted a t  

the Center, which will serve as  a focal point fo r  isotope reeearch and 

development. 

ment agencies, pr ivate  research groupe, industry and educators t o  assist 

The Center plans t o  provide technological data t a  govern- 

in expanding beneficial  radioisotope applications. 

The Center w i l l  embrace a complex of radioisotope f a c i l t t i e s .  It 

w i l l  incorporate the Fission Product Development Laboratory, which deve- 

lop6 new methods of separating, purifying and fabricat ing massive 

quant i t ie8 of f i s s ion  products. Chemical operations on highly concen- 



- 35 - 
Nevertheless, opportunities are sti l l  expanding. With the increased 

Incentives created by advancing medical needa, progress w i l l  be occeler- 

ated In the production of isotopes and labeled nmtet*db., t ConCuOrent&yr 

the almost unlimited posstbllitiea for ungquc %Inntopic m8ter:fQb w i l l  

stimulate creative thought toward developing new and wider usage. 

. .  
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