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. ......... The uses of radioisotopes ,as a whole give these 

by-products of the liberation of atomic energy 

a general importance that is greater for the 

real progress of our civilization than the pro-

duction of atomic energy itself ••••••••••.•••••• ) ••.••••••• 

Professor Perrin 

French High Commissioner 
for Atomic Energy 
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The recent report of the President's 

Science Advisory Committee, "Science, 

Government, and Information," stresses 

the importance of the interpretive 

review journal as a means of keeping our 

'exploding scientific literature from en-

gulfing us. To quote from this report, 

"Because there are so many technical re-

Photo 

A. M. Weinberg 

ports, and most of them are unrefereed and of uneven quality, reviews 

of technical report$ can be particularly useful as discriminating 

guides to the literature. The reviewer of the report literature must 

:not only tell a coherent story; he mus"t also serve as referee, weeding 

out ,what he believes to be wrong from what he believes to be right. 

Moreover, t.o make his review fully useful he must cover relevant open 

llterature. " 

"Isotopes and Radiation Technology" appears at a time when we at 

once appreciate fully the size of the information crisis, ,and realize 

that the critical, interpretive review journal is an essential key to 

the resolution of the information dilemma. I believe that all those 

lnterested in isotopes and radiation technology owe a debt of gratitude 

to Dr. Baker and his staff for undertaking the onerous 'but useful task 

of making sense of the flood of literature in this field. To the staff 

of "Isotopes and Radiation Technology" I offer my best wishes for suc

cess in this most worthwhile new editorial venture. 

Alvin M. Weinberg 
March 4, 1963 
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About the Editors 

Philip S.·Baker. A graduate o~ 

DePauw UniversitY'with an AM from.the 

University of Arkansas, and a Ph.D. in 

Inorganic' Chemistry from the University 

of Illinois, Baker has had industrial 

experience 'with Dow Chemical Company, 

the Institute of Paper Chemistry, and 

Photo 

P. S. Baker 

· Pan American Refining Corporation (now American Oil CO.)o He taught 

chemistry at the University of Vermont and at Bradley University, Peoria, 

· Illinois. 

Since 1952, he has been on the staff of Oak Ridge 'National Labora

tory, for five years as a Head of the Chemistry Department o~ the former 

Stable Isotopes Division and then successively as Superintendent of the 

Electromagnetic Separations Department, Superinte~dent of the Isotopes 

· Sales Department, Superintendent of the . Advanced Isotopes Development 

Department, and presentlyas.Assistant Superintendent.of the Isotopes 

Development Center. He has had considerable experience as writer and 

editor in the isotopes field and is well qualified. to head up the new 

.journalo He will specifically handle the section ·on 'Industrial Appli

cations. 

Arthur F. "Rupp. The technical adviser of our journal needs no 

introduction to people in the isotopes field. After graduation from 

Purdue University as a chemical engineer, Rupp was employed in that 

capacity for several years, working in the fields of fermentation, 

industrial enzymes, and plastics. In 1943 he joined the staff of the 
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Manhattan.Project's Metallurgical Labora

tory at the University of Chicago,.where 

his nuclear training started.· Since 

·then he has peen closely. associated; with 

design and engineering of many systems 

and. processes for handling radioisotopes. 

He has heen a.prime mover in the effort 

to produce and market radioisotopes'--

·Photo 

A. F. Rupp 

both reactor-produced and from fission products-- fO:r peacetime uses, 

having supervised and designed many procedures for'processing these 

isotopes. His concepts for isotope processing, for waste management, 

and for control of contamination are in use throughout the world. 

For several years Rupp was Director·of the Operations and Isotopes 

Divisions of ORNL; since 1957 . theORNL" Laboratory Services Supervisor; 

and since 1961 Director of the ORNL Isotopes Development Center. 

Robert H. Lafferty, Jr. A graduate 

of Davidson College, Davidson, N. C., 

Bob is an analytical chemist with a Ph.Do 

from Cornell University. After two 

years of teaching at Lehigh Universit·y, 

he ,joined the staff of the'Kellex Corpo-

ration as a research chemist, and in 

1945 was employed by Union Carbide 

Photo 

R. H. Lafferty, Jr. 

Corporation's Oak Ridge Gaseous Diffusion Plant. ·After·several years 
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as Head of the Analytical :and Fluorocarbon Section of the Chemical Be'search 

Department, h~ became technical a'ssistant, to the Superintendent of the 

Technical Division and began'to assume duties whichh{3.vebecome his' asse-ts 

in his' present, position. He was responsible -f<;>r 'coorq.itlat:Lng:the prepara

tion_of'the OBGDP'quarterly report, and,reviewed s~bmissi0ns for technical 

accuracy, format, and classification. He was secretary: of a, joint, Carbide-

Goodyear'committee, of which.A. F. Buppwas co-chairman"that,was'setup-

to study the prevention and handling of various kind,s,of'radiationemer-

gencies.. As a Responsible Reviewer 'fol;' the AEC, he ,has, hOO considerable

'experience-in surveying Filld evaluating technical literature;and as a , 

member of the -ORGDP Clas~ificationCoinmi tiee, . he assisted in' _ the prepare.: , 

tion of, several classification guides. ' Lafferty will direct much of 'his 

. attention .toward covering the r'esearch applications of isotopes. 

,Martha W.,. Gerrard. The 'di staff 

member of the editorial group is' a 

graduate ,of Agnes SGott College,. Decatur, 

Ga., with· an M.S. in phe~istryf'rom the 

University of Georgia and 8dditional 

graduate work at Cornell University. 

With-.a·bent.toward the ,biomedical 

applications, she ,rounds out the team .. 

iPhoto 

Martha Gerrard 

After . three 'years as 'laboratory-technician .and teacher 'at the Univer-

sityof Georgia School of ' Medicine, Martha_started specializing,in'techni

cal writing and editing. She ,worked with McGraw-Hill Book Company as 
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editor for chemistry and ~hysics books,.particularlythe·National Nuclear 

Energy Series. Since 1950, she has been with Oak :Bidge National Labo'ra

tory as a technical editor in.the Chemical ~echn01ogy D~vision. She 

took time off in 1958 to go to Geneva as an editor'of the Proceedings 

of the SecoI1d United Nations International Conference on the:Peacefu1 

Uses.ofAtomic Energy. She is an avid linguist, abstracts for Chemica]:

Abstracts in English, Russian, French, and Italian,.and can manage 

Spanish and German in familiar fields. As ·you might guess, she will be 

helpingus a great deal with foreign literature, as well as handling 

the sections on agriculture,. biology, an~medicine. 
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A new Quarterly Technical Progress Review, "Isotopes and·Radiation 

Technology," was approved by theU. S. Atomic Energy Commission in the 

summer of 1962 and its preparation was 'assigned to ORNL as a part of 

the general program of the Isotopes Development Center. The assembly 

of a .staff began almost .immediately. By early fall, under the auspices 

of the AECfs Divisions -of Technical Information and Isotopes Development, 

the preliminary drafts which are now the first·issue of this periodical 

were being developed. "Isotopes ·and Radiation Technology" is the fifth 

of a series of Commission-sponsored quarterly technical progress reviews 

whi~h broadly cover the field of nuclear science and technology. The 

others .are Nuclear Safety, Power Reactor Technology, Reactor Materials, 

and Reactor Fuel Processing • 

In a .period when there are already more publications than canpos

siblybeassimilated,-one can reasonably. ask, "Why another one?" The 

answer ·is straightforward. The-editors believe that they can enhance 

the value of existing publications by making reference to many articles, 

journals, and books; by correlating, summarizing, and evaluating the 

present ·efforts; and by presenting up-to-date critical review articles 

which include copious reference material as additional sources of in

formation for those who desire it. 

It is also felt that this new review can help fill the gaps in 

disseminating information relative to AEC-sponsored research and de

velopment workon'isotope applications; by publicizingpresent.applica

tions, it can help to expand the utilization of isotopes; and by helping 

the Commission and contractors to keep abreast of related activities on 
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a worldwide basis, ;it can help prevent overlap of research effort and 

can aid .in·predictingisotope usage so as to point the direction for 

the isotope production .efforts. 

"Isotopes and Radiation Technology" is a technical progress-review. 

Even guest articles ·will be of a review nature~* The editors and the 

AEC have no intention .of duplicating the present ef~orts of commercial 

publishers 'of abstract .journals and periodicals covering original re

search, and overlapping will be avoided. Books, monographs, and bibli-

ographi'es that are 'considered .p~rtlnent to thE? areas r01.ltinely covered 

will be noted .and occasionally reviewed. 

The first few issues of I&RT will present brief status reviews of 

the isotope programs in industry,agriculture, biology, medicine, educa

tion, and research. A feature -of a "later issue will be the .large-scale 

irradiation program· being fostered by the AEC and other g<?vernment 

.agencies,·with .particular emphasis on Brookhaven National Laboratory's 

High Intensity Radiation Development .Laboratory. 

As time and available personnel allow, the ·editors hope to be 

able to include worldwide coverage throughliaisonwith'appropriate 

personn~l in the IAEAand atomic energy establishments around the world. 

International cooperation .in this respect is certainly higblydesirable • 

. It ,is realized that d:uring the -early period of "growing pains If 

adjustments-will be necessary. We shall leave uridone many things 

which we ought to, have done and will,do some things we ought not to 

·have done. Our references to relevant textbooks, articles, and authors, 

for 'example, will b~ incom~lete for -lack of time and manpower. In any 

*e.g., see report by G" H. 'Cartledge on technetium in this issue, p. 



• 

• 

• 

xi 

case, the ultima-t:;e success of the review Will depend upon .its value to 

the readers; a.littietime and experience will be needed.to evaluate 

this. Therefore·, we shall make no attempt to fix the format of the 

quarterly at the present time, and the editors will be counting heavily 

on reader c~iticismand suggestions to help them out. 



• 

• 

• 

xii 

TECHNICAL PROGRESS REVIEVI 

Isotopes and Radiation Technology 

A. M. Weinberg Comments ••••••••••••••••• " • ' •••••.••••••••.•.•. 

P. C. Aebersold Comments •••••••• " fl.' ••••••••••• e" ••••••••••• '.' • 

About the Editors ••••••••• ............. " .... ' .............. . 
Editorial ............................... ' ........ o· ' ...•••.....•.•. 

Feature Article: 

I. 

II. 

Inhibition of Corrosion by the Pertechnetate Ion 

References ..••••••...•••••.••••• " •••• " .••. " •••• " ••.••.•.. 

Principles of Tsotope Technology 

Introduction 

I sot ope Production ••••...••••••• ' •.•.••....••••...••••.. 

Isotope Utilization ••• ' .................................. . 

Hi story and Chro'nology •.••••••••••••.••.•••••.•.•...... 

References 

Applications in Industry ............. ' ..................... . 

Hi story ...................... ". 

Choice of Isotope 

Cost and Savings ••..• " .............. " ......... e' •••• Ie •••• 

Level Gaging ........................................ ' ..... . 

'Tl1ickness Gaging •.......•••. ' ...•..•.•...•..•••. " •.••••• 

Densi ty Gaging .......................................... . 

Radiography ~ .•.•••..•....•••.••.• If ••••••••••••••••••••• 

Tracing 

Miscellaneous 

References 

............... 

iii 

iv 

v 

ix 

1 

12 

16 

17 

19 

20 

23 

29 

47 

49 

51 

53 

54 

56 

58 

59 

60, 

61 

71 



xiii 

• Applications in Medicine· 79 

Iodine ,. .............................................. .. 86 

Phosphorus 

Gold, Chromi 1lIU •••••.•... ' •••..••..•••••••••••••.••••••• 90 

Iron, Mercury •••••.••••.• 91 

Boron, Fluorine, Seleni um, KrY})ton 92 

Strontium, yttrium ••• 93 

Calcium, Cobalt 94 

Cesium .. •••••••••••••••••••• " ••••••••••• -••••••••• It • 97 

Iridium, Arsenic " Copper, Gallium ••••••••.•.••••..••••• 

Palladium, Tantalum, Ruthenium, Luteti1lIU, Sulfur, 
Sodi um ..•••. ,. ..................................... . 99 

• Potassium, Rubidi1lIU,.Bromine, Chlorine,Silver 

Zinc 

100 

101 

References .......... It ........................ #I ••••••••• 102 

IV. Applications in Scientific Research 124 

Physics 129 

Biology and Agriculture 137 

Radiochemistry ..... 

Organic Chemistry •••••••.•••••••••••••.••••••••••••••• 174 

Geophysics •••• It •••••••••• ,. ....................... I ••••••• 179 

References 190 

V. Applications in Agriculture , •••••••••••••..••••••••••. 210 

References ................................. ! .............. . 214 

VI. Applications in Education 215 

• High School 222 

College and Uni versi ty •••••••••••••••.••.••••••••.•... 226 



• 

• 

• 

VII. 

Industrial Training 

other Training Materials 

References 

Stable Isotopes 

Uses 

References 

VIII~ Book Reviews 

IX. Recent News Items 

xiv 

...................... , ....... . 
233 

238 

246 

255 

258 

259 

274 



1 

• 

FEATURE ARTICLE 

• 

• 



• 

• 

•• 

2 

Recent publicityl has 

pointed out that one of the most 

,intexestingproperties of tech-
Photo 

netiumis the "anticorrosive" 
G. H. Cartledge 

characteristic of itspertech-

netate ion, Tc04 - • ' G. H. 

Cartledge of.oRNL, who has pioneered in this field, has 

written the,acco~panying article to bring us up to date on 

the status'of the theories behind this particular use of tech-

netium. 

Technetium was not; discovered until 1937, although many 

investigators, starting with .osann and his '''polinium'' in 1828, 

claimed to have isolatedit. 2 However,in 1937 Perrier and 

Segr~ irradiated molybdenum in a cyclotron and reported Tc95m 

and Tc97m with half-lives 'of 8.0 and 9.0 days, respectively.3 

More recenfly Tc99 , with a half-life of 2 x'l.o5~ years, has 

been isolated from fission-product w~stes. A few years ago 

it was priced at from $28.0.0 to $16.0.0 per gram, depending upon 

quanti ty ,but can now,'be purchased from the, Isotopes Sales 

Department of'.oRNLforless than $1.0.0 per gram • 

.other applications of technetium include its use ,in 

superconductors,4 and it is being considered for catalysis, 

,as an anticorrosive agent in high-pressure boiling water 

reactors, ' in semiconductors" and as a source of low-energy 

radiation for radiography • 
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INHIBITION OF CORROSION BY THE PERTECHNETATE ION 

G. H. Cartledge 
Chemistry Division 

Oak Ridge National Laboratory 

Experiments have demonstrated that very effective·inhibition of, 

the corrosion of iron and steel can be achieved with. low concentrations 

of pertechhe~ates under suitable conditions. Whereas there may be spe

cial circumstances in which the inhibitor may find practical application, 

its radioactivity and :cost must, necessarily restrict its widespread use. 

There is need, however, for fur:ther investigat:j.on of possibilities of 
. . . 

using it in protective coatings '9r similar applicatiori~~ and also of 

it·s relation to ~he corrosion of nonferrous metals. The distinctive 

. properties of technetium compounds make. the element an excellent new re-

search tool and d,ifferentiate it sharply from chromium, which forms the 

inorganic compounds so extensively:used as inhibitors. 

Properties of Technetium Compounds Related· to Inhibition 

A comprehensive revi~w of the chemistry of technetium has been pub~ 

lished recently,5 but:the following comparison with the chemistry of 

chromium,' will suffice to illustrate the differences that are significant 

for studies in inhibition. 

The important valence states of chromium and technetium are Cr(VI) , 

Cr(III), Tc(Vlf), and Tc(iv), respectively. The bivalent chromate ion 

has basic and buffering properties: 

HCr04-~ H+ + Cr04= (~= 3.0 x 10-7), 

whereas the univalentpertechnetate ion derives from a strong acid and 

lacks buffer capacity. When used at 10- 3 f concentration and pH 6.0, 
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the respective reversible electrode potentials are: 

0.59 volt (2) 

and 

Polarization measurements ata passive iron electrode indicate that the 

exchange current density of the pertechnetate electrode under the con-

ditions specified above is several orders of magnitude greater than 

that of the'chromate electrode. Unlike the chromate ion, the pertechne-

tate ion does not oxidize ferrous ions in weakly acidic solution, 

although it ,is effective in inhibition under the same conditions. 

Oxidation does occur, however, in alkaline solution. 

The long half-life of Tc99 (2.15 x 105 y) and its 0.29-Mev beta 

radiation make it ,eminently suitable for tracer or autoradiographic 

techniques. At the low concentrations required in studies of inhibi-

tion the radiation hazard is of no consequence. The strong absorption 

bands of the aqueouspertechnetate ion at 2440 and 2875 A are very use

ful for analytical purposes, the 'extinction coefficient.s being 6080 and 

2310, respectively. The best value of the ratio of these coefficients 

is 2.63, and this is a useful test of the purity of pertechnetate solu

tions. The only electrode potential that has been ~irectly measured6 is 

that of the couple, 

Tc04- + 4H+ .+ 3e- ~ TC(OH)4(ppt); ~ = 0.738 volt~ (4) 

Other important measured or calculated quantities are:7 

Solubility of KTc04 at 25°C ;::: 0.1057·~ 

.~o for Tc04- 47.9 ± 0.3 e.u. 

68° for TC04(aqJ;::: -73.3 e.u • 
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&0 for TC(OH)4(ppt) = -202.3 kcal/mole' 

.6Jf0 for TC(OR)4(ppt) = -246.3 kcal/mole 

Technetium is recovered from fission products by solvent-extraction 

8 
procedures and converted to the saltsNH4Tc04and KTc04. Metallic tech-

netium is obtained .in the form of powder by a two-stage reduction of 

NH4Tc04 by hydrogen. In the first stage, Tc02 is produced at 200°C, 

and this is converted t-o metal at 700-800°C. The powder may be melted 

in an induction furnace (m.p. 2l50°C). A few Fe-Tcalloys have been 

prepared for metallurgical and electrochemical study. 

Studies of Inhibition 

When iron or'low-carbon steel'is immersed in a solution of potas-

sium or ammonium pertechnetate-at a pH of 5 or higher, there is an 

initial reaction wherein the inhibitor ion is reduced with formation of 

a ,film of mixed iron and technetium hydroxides. The extent of this 

reaction'depends somewhat on the composition and surface activity of 

the metal; it may be measured by counting the beta activity of the 

water-rinsed specimen, since absorption of the weak betas is slight in 

the thin film produced. The precipitated Tc(OH)4 may be reduced to 

much less than .a monomolecular layer if an oxidizing agent such as 

hydrogen peroxide is added to the pertechnetate solution. Once passiva-

tion is achieved, no further consumption of the inhibitor -is required 

if'the solution is exposed to air. Two specimens of S.A.E. 1010 carbon 

-4 steel have been immersed in a 5 xlOf solution since January 1953 

(Fig. 1). The beta activity of the rinsed specimens has been measured 

30 times' over the 10-year period. It rose to a maximum'within 2 hr 

• after exposure ·at95°C, and then slowly fell about .10 percent owing to 
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reoxidation of Tc(OH)4 by oxygen. After the :activityleveled off, the 

counts on one specimen showed the presencie of 0.146 ±0.005 j.lgof tech

netium on 4 cm2 throughout the long experiment. The surface of the 

specimens is still bright, the solution is 

clear, and the weight .is unchanged within 

0.1 mg. ORNL Photo 

The film of reaction.products first 10803 

formed ,is not sufficient for 'maintaining 

resistance to corrosion, however, even 

when heavy deposits are induced. Some minimum concentration of pertech-

netate ions must remain in contact with the metal for 'inhibition to per

sist. This seems to be about 5 ppm of Tc (5 x 10- 5 ! Tc04-) with 

electrolytic iron and somewhat-higher with carbon steels or cast iron. 

Tests demonstrated that the perrhenate ion, Re04-' which is similar 

in charge, size, and geometr~had no inhibiting 'properties at any con-. 

centration at temperatures between 5° and 95°C. In order to determine 

whether the radiation or radiolytic products from technetium were in-

volved in its action, a raqioactive form of the perrhenateion was pre-

d t ·· Rel86 ,188. Wh th' d t . f' . t . . t pare con a1n1ng en 1S was use a aspeC1 1C ac 1V1 y 

corresponding to that ·of the inhibitingpertechnetate solutions, there 

was still no inhibition. 

That adsorption is involved in the overall corrosion-inhibition 

process was indicated by experiments in which foreign ions, such as 

sulfate, were added to inhibited systems. It was shown that all the 

X0
4
n- inhibitors fail when the added ions exceed some concentration, 

which increases as the concentration of inhibitor is increased. 
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The failure of the perrhenate ion to inhibit corrosion is particu-

, .larly ~ignificant for adsorption theories, since it is externally similar 

to the pertechnetateion. Since the'electrochemical polarization theory 

ascribes the inhibiting 'propertiesof chromate and, pres~bly, pertech-

netate ions to their reducibiLity, polarization measurements have been 

made to determine the relative rates of reduction of oxygen and reducible 

inhibitors 'on a ,passive iron electrode. Experimental results~ fo~ 

oxygen, technetium, and two other inhibitors (Fig. 2) show that the only 

inhibitor that ·exceeds 'oxygen in its rate of reduction at potentials 'in 

the neighborhood of the Flade (passivating) potential is Os04- These 

measurements disclosed an .interesting.feature -of the electrodes exposed 

to pertechnetate ion .and osmiUm(VIII) oxide •. In both cases, the re

duction 'product's, Tc(OH)4 ana-Os(OH)4' accelerated the cathodic process, 

.whether 'oxygen or inhibitor was being -reduced. The data ·from·an experi-

t lQ l' d t . f t h t t· (F' 3) . h men~nvo v~ng re uc ~on'o per ec ne a e,~ons ~g. ,aga~n s ow the 

favorable'properties 'of technetium compounds_ Any Tc(OH)4 cathodically 

produced on the surface may be removed eas~ily by brief anodic ·polariza-

tion so that·effects associated with its presence 'may be identified 0 

Theories 'of Inhibition 

In modern studies 'of the ·mechanism of corrosion and its inhibition, 

the radioisotope principally used has been Cr5l with a 2708-day half-

·life. This nuclide .has been used, for example, .in studies of the com-I 

position of passive films and the rate 'of deposition of such ·films on 

iron. Since the chromate ion ,is the most useful of the inorganic 

inhibitors 'of the passivating type, it ,is largely around this ion that 

theories' of.the action of such inhibitors have been developed. 



• 

• 

. .: ": " 

." 

• 

8 

These theories have considered rather varied conceptions as to the 

, function of the inhibitor, the simplest being that the buffering and 

oxidizing properties of the chromate ion permit it to oxidize ferrous 

ions emerging through imperfections in the film and thus precipitate a 

plug directly in the pore or crack. ·11 Evans ,{ who advanced this hypothe-
\ 

sis years ago, now attempts to give ·a more generalized description of 

the conditions that give rise to corrosion, on the one hand, or forma-

tion of a .protective film, on the other. For this purpose, he considers 

the nature of the barrier to anodic dissolution which is interposed by 

whatever species is preferentially adsorbed on the metal surface from 

the solution. Tfthis is water 'or hydroxide ions, emerging ferrous 

ions first meet the oxygen (negative) side of the adsorbed .layer and 

further migration'is impeded by the more remote (positive) side of the 

layer. Protons are then eJected and carry the anodic current away from 
t, 

the surface, leaving an oxide film that may be protective. Evans then 

treats the chromate .ion analogously, postulating that both .it and the 

++ sulfate ion may have a .positive region, X02 ,analogous to that shown 

by the nitroniumion, as' in crystalline NQ2+CI04-. Both Uhlig at M.I.T. 

and Kolotyrkin .in R~siahave postulated electrical effects at the sur-

face due to adsorption, but without developing the concepts to the 

degree that would permit a real .differentiation between.inhibiting and 

noninhibiting species. 

1:2 
Another theory \ of the action ·.of reducible inhibitors like the 

chromate ion is that reduction can occur at a sufficiently high current 

density and potential to polarize the metal anodically above that poten-

tial required for passivation. In this theory, no specific properties 
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are assigned to the inhibitor other than its:oxidation-reduction poten-

tial and exchange current density. Although this 'explanation may suffice 

in particular cases, it takes no account of specific interactions between 

the surface and aqueous ions:or molecules which certainly are present. 

Nor does the theory explain how certain nonoxidizing inhibitors make it 

possible for oxygen to induce passivity in their presence, whereas it 

would accelerate corrosion in their 'absence. The polarization theory 

without supplementary considerations cannot, therefore, be considered a 

general theory of inhibition. 

There are also reasons why' oxidation and buffering do not appear 

sufficient as a general explanation of inhibition:
3 

Furthe;, the ideas 

regarding surface effects of adsorption we.reunable to explain why 

chromate ions inhibit corrosion, whereas sulfate ions do not, although 

the two ions have the same charge, geometrical configuration, and 

nearly the same size. It :was this ,situation which ·.ledto the suggestion 

that the ~ifferentiationmust .lie·within the ion, rather than depend 

upon its gross charge, size, or geometry. 

A crude ·electrostatic calculation made in 195213 showed that chro-

mate and sulfate ·ions will induce space charges of opposite polarity 

when adsorbed on a dielectric surf~ce, if, as seemed likely, the 8-0 

bonds are 'essentially covalent and the Cr-O bonds largely ionic. This 

difference in ·.polari ty should affect the kinetics of charge transfer 

across the interface. If the space charge is indeed related to the 

difference in corrosion rates, one should then be able to describe con

ditions favorable to inhibitory properties in the X04
n- structure: 

(1) a high central positive charge; (2) ionic bondingX-O; and (3) an 



• 

• 

• 

10 

oxidation-reduction potential low enough to·prevent rapid reduction of 

. n-
~he X0

4
partioles past the point of forming a surface film of reaction 

products. The .last criterion excluded the powerful oxidant,Mh04-, and 

it was therefore apparent14 that technetium, in the seventh group of 

the periodic. system was the most likely of all elements to have the 

desired combination of properties. There were reasons for anticipating 

that ,the Re04- ion would be less inhibitive, but no way to predict how 

rp.uch less. 

Experimentsl5 with electrolytic iron .and carbon steel in November 

1952 immediately demonstrated the correctness of the prediction regard-

ing the pert echnetat e ion. It was found to be more 'effective both at 

.lower concentrations and at h1gher temperatures than the chromate ion. 

Thus, 5 x 10-5 ! KTc04 gave excellent protection to S.A.E.IOIO steel at 

250:~Cina test .lasting :116 hr; a visible film formed on 'the 'specimen, . 

but the solution remained clear, and the weight of the metal was un-

changed within 0.1 mg. 

Conclusion 

The experiments cited .il1ustrate how technetium may be used to 

eva1uate the various theories 'of inhibitor action. Forexamp1e, the 

absence of buffer action and the mild oxidation potenti~l argue against 

the early chemical hypothesis. The extreme contrast between the char-

acteristicsof Tc04- and Re04- disproves any idea of adsorption that 

considers 'only the external features of the ions. The theory of purely 

electrochemical polarization is doubtless a valid description of action 

that could. account for passivation, although the measurement of the com-

parative contributions of oxygen and reducible inhibitors shows that 
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oxygen is the chief so~ce of cathodic current with .eitherTc04-or 

Cr04- as inhibitor. The action of sulfate ions in destroying. inhibition 

also shows the incompleteness of the polarization hypothesis. 

There is considerable evidence to support the assumption of the 

electrostatic polarization hypothesis which looks inside the various 

ions for differentiating characteristics among them~1},16, The conclu-

sionmost likely to be reached ultimately is that ,each of the ideas thus 

far 'proposed is meaningful for some aspect.of the inhibi torypr'ocess, 

the complete understanding of which will necessitate the combination 

of the points :of view of the electrochemist ,and the solid-state 

physicist • 
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As we ~embark on our new venture, we believe it is worthwhile to 

start by reviewing the present state of the art. A chronological out-

.line of the development of the isotopes program is included to provide 

background information. Many publications, including annotated bibli-

ographies, may be used to supplement the reviews in the first issues of 

this quarterly by those Who want more detailed information on early 

work and developments. Among these are the three-, five-, and eight

year summaries of isotope distribution and utilization;l the subsequent 

bibliographies published by the U. S. Atomic Energy Commission; 2 the 

list of special sources of isotope information;3 the reports of the 
4 . 

Atomic Energy Commission to Congress; and various AECand nongovern-

ment publications. 5 

In this issue, a brief general review of the principles of isotope 

production and utilization will be followed by more detailed considera-

tion of various applications in industry, medicine, research, agricul-

ture, and education. In subsequent issues, advances in technology and 

new applications will be covered but, in general, routine applications 

will be ignored. We plan to discuss various areas of applications. 

But, since there are only certain utilization principles, we also hope 

that novel disclosures in one area may suggest analogous techniques to 

users in other areas. 

Only about .100 radioisotopes are now routinely available,6 but 

more than 1000 have been isolated and more than 1500 identified. Cer-

tainly many of these have properties suitable for a wide variety of 

applications. We plan to keep readers abreast of progress in this 
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direction, particularly as enriched targets and higher fluxes are used, 

and to suggest profitable areas of utilization. The subject liStable 

Isotopes" will be covered in a separate section. 

That the program has grown -- and grown rapidly is illustrated 

by examination ofinforma.tion on shipping, licensing, and publications 

since 1946 (Table I-I) and by comparison of the number of labeled com

pounds available in 1949 with the number available in 1962 (Table 1-2). 

Table I-I. Growth of Isotopes ~ogram 
Total Total Authoriza- Cum~~t-:Lv~ Total 

To (Date) Shipments tions and Licenses Publications 

Aug. 1949 11,400 5,0006, 1,850 

June 1951 18,900 l3,100a. 3,000 

Dec. 1954 64,200 37,155
a 7,000c 

Dec . 1958 118,600 4,347 l5,000c 

Dec. 1962 170,000 5,88l
b 40,000c 

~ntil 1956, individual authorizations were processed for each 

isotope.· After that, users were able to obtain licenses which 

could authorize any number of isotopes. 

bThe 1962 figure does not include licenses transferred to the 

jurisdiction of California (580), Kentucky (68), Mississippi 

(37), and New York (637). 

CEstimated on basis of sampling from Nuclear Science Abstracts, 

Chemical Abstracts, and J. of Nuclear Medicine . 
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Table: I-2. Number of Labeled Compounds 

Available in 1949-1962 

5 

5 

13 

",100 

aReference la, p. 68. 

b Reference<7, p. 

Isotope Production 

131 

56 

81 

"'1300 

Any applications involving radioisotopes presume availability of 

suitable nuclides. The second issue of Isotopes and Radiation Tech-

nology will be concerned largely with production problems. For the 

present, let us simply mention that most radioisotopes are prepared 

by nuclear reactions involving neutrons from reactors, by cyclotron 

reactions, or by separation of gross fission products~h'i<ch'<';remain after 

Although the fission products comprise a spectrum 

of about 100 isotopes, .only about 30 have sufficiently long half .. li ves 

to be worth considering for inventory materials and only a few those' 

are considered valuable enough to process. Of those possibilities 

listed in Table I-5, sr90 , Cel44 , cs137, Pm147 , and Tc99 are currently 

being isolated because of their satisfactory combinations of half· ·li ves, 

radiattons, and fission-product yields. Their uses will be mentioned 

later • 
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• Table 1-3· Neutron Reactions Table 1-4. Cyclotron Reactions 

Reaction Example Reaction Example 

(n, ,) co59(n,,)Co6O (p,n) Li7 (p,n)Be7 

Fe58 (n,,)Fe59 (d,n) Ge72 (d,n)As73 

(n,p) N14(n,p)c14 (d,2n) cr52(d,2n)Mn52 

. S32(n,p)p32 (d,a:) Mg24 (d ,a:) Na22 

(n,a:) ca4O (n,a:)Ar37 (p,pn) 48 4 Ca (p,pn)Ca 7 

Li6 (n,a:)H3 (p,a:) Mg25(p,a:)Na22 

(n"jEC) X 124 ( )X 125 EC 1125 e· n" e ~ 

(n,,;f3- ) PdllO(n,,)Pdlll f3:;;t' A III 
~ g 

Table 1-5. Fission Products 

Isotope ~ Fission Yield Half-life 

• Kr85 0·3 10.3 Y 

Sr90 
5·9 28 Y 

Zr93 6·5 
6 1 x 10 y 

Tc99 6.1 2 x 105 y 

Ce144 6.1 0.8 y 

Pm147 2.6 2.6 y 

Cs1.37 5·9 30 y 

1129 1.0 1.7 x 107 y 

Isotope Utilization 

The principles of isotope utili zation (Figs. :1-1,2):) have been 

reduced to three major types, or methods of use. The first two applica-

the-re is no .pos si bili t y ·of :i t f{. reinaiping '·in the, final market :prOd uct: .. • 
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Tn the third, a radioisotope is introduced into the sUbstance under 

investigation usually a short-half-life isotope -- in small amounts, 

but nevertheless often in sufficient .quantity to leave an objectionable 

residual activity_ The three types of applications involve: 

I. The Effects of Radiation on Materials. The radioisotop~ is 

used as a.fixed source of radiation, comparable to ordinary radium or 

x-ray machines, and the radiation is allowed to impinge upon the mate

rial that is to be affected by the radiation. There are many important 

examples of this application. The target material may be ·a plastic, 

exposed in order to alter its properties (Fig. I~3); a patient with a 

marignancy, rec~iving therapy (Fig. 1-4); food being irradiated to re

tard decay (Fig. 1-5); or a phosphor being excited to luminescence by 

an admixed isofope (Fig. 1-6) . 

2. The Effects of Materials on Radiation. Here the target mate

riar-affects the radiation in such a way as to provide information 

.about the material. The radiation, either reflected from or penetrat-· 

ing the material, is measured by a counter or photographic emulsion, 

depending on the information required. For example, in industrial or 

medical radiography a radioactive source can replace x-ray machines to 

photograph bones, teeth, or castings. Industrial utilization includes 

many f:fuportant applications to process and product control: measuring 

brind (inaccessible) liquid levels (Fig. 1-7); gaging thickness' of mov

ing sheets of paper, plastic, and' me~al (Fig. 1-8); controlling cigarette 

densities (Fig. 1-9); radiographing castings and internal structures of 

equipment (Fig. 1-10); tracing oil flow in pipelines (Fig. I-II); and, 

in some of the more recent applications, using the isotopic heat 
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restiltlng from the complete absorption of the radiant energy by a heavy 

metaIlsuch as lead or uranium (Fig. I-12). ' 

y. ,The Tracing of Radioactive Atoms.' Perhaps the most interest-

ing and significant use: o:f radioisotopes takes advantage of the continu-

ous "broadcast signal tl generat~d by the decaying radioisotopes. Suit-

~ble detectors can be ,used to follow even the most complicated courses 

of these atoms as they take part ,in chemical reactions or biological 

proce'sses,or as they are involved in pbysical transfer. Theradio-

isotope tracer may be used to study surface phenomena such as induced 

passiVity (Fig. I-13) ; it may be incorporated! ina compound add~'d to 

water'runningthrough a:teaking pipe (Fig. I-14); ftmay be an active 

atom in sugar (e.g.,: c14 ) for studying body metab~lism (Fig. 1-15); or 

it :~y be a ,label in a ,fertilizer compound used to ,study tne mechanism 

of fertilizer uptake (Fig. I-16). 
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CHRONOLOGICAL OUTLINE OF DEVELOPMENT· OF ISOTOPES . PROGRAM 

1946, June 

1946, Aug. 

1947, Jan. 

1947, Mar. 

1947, July 

1947; Sept. 

1948, Jan • 

First public announcement of reactor-produced radioisotopes 
available under the distribution program appeared in Science 
(served as 1st radioisotope catalog) 

First reactor-produced radioisotope shipment from Oak Ridge 

Jurisdiction of program turned over to civilian Atomic 
Energy Commission 

Initiation of reactor service irradiations~ that is, a 
service whereby the radioisotope user may submit his own 
sample for irradiation or neutron bombardment in a nuclear 
reactor 

First compound.labeled with radiocarbon (methyl alcohol) 
available from the Commission 

Routine availability of chemically processed radioisotopes 
with standard specifications 

Initiation of a program for international distribution of 
radioisotopes 

Formation of an Advisory Committee on Isotope Distribution 
(to replace interim policy committee set up under the 
Manhattan Project) 

Initiation of a program for distribution on a loan ,basis 
of more than 100 varieties of electromagnetically concen
trated isotopes of about ·30 elements 

Publication of regulations by the Interstate Commerce Com
mission for shipment of radioisotopes by common carrier 
(rail and truck) 

1948, Apr. Initiation·of a program making available free of production 
costs three isotopes -- radiosodium, radiophosphorus, and 
radioiodine-for research, diagnosis, and therapy of cancer 
and allied diseases 

1948, June Opening of first Commission-sponsored training course in 
radioisotope techniques by Oak Ridge Institute of Nuclear 
Studies 

1948, July Beginning of production and distribution of radioisotope
·labeled compounds by commercial firms 

1948, Sept.: Distribution of tritium (radioactive hydrogen) and stable 
helium-3 
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1948, sept. Completion of a nationwide intercomparison of iodine-13l 
radiation analyses conducted by the National Bureau of 
Standards and Atomic Energy Commission 

1949, Feb. Extension.of Commission's program for support of cancer 
research to include the availability of all normally dis
tributed radioisotopes free of production costs for use in 
cancer research. 

1949, June Initiation of a program for cyclotronpro~uction and dis
tribution of certain long-lived radioisotopes not producible' 
in the nuclear reactor 

1949, July Enactment of regulations by the Civil Aeronautics Board 
for shipment of radioisotopes by commercial aircraft 

.1950, Mar. Completion of new large-scale radioisotope processing 
facilities at .Oak Ridge National Laboratory 

1950, Oct. 

1950, Dec. 

1951, Jan. 

1951, Mar. 

1951, Apr. 

1951, July 

1951, Nov. 

Announcement of program for returning radioactive wastes 
to Commission facilities for disposal 

Initiation of cooperative visitation with state health 
departments to radioisotope users 

Announcement that Brookhaven National Laboratory will pro
vide reactor irradiation services and radioisotopes 

Elimination of requirement for publication of results 
obtained with AEC-produced radioisotopes 

Publication of first .issue of the quarterly bulletin, 
lIIsotopics--Announcemerits of the Isotopes Division" 

Publication in Federal Register of regulations governing 
radioisotope distribution, including designation of 
"generallY'licensed" quantities (requiring no .license 
application) 

Expansion 'of international distribution of radioisotopes 
to include all reactor-produced radioisotopes (except 
tritium and polonium-2l0) and to authorize the export of 
these ·materials for use in scientific research, medical 
research, industrial research, medical therapy, and indus
trial applications 

First radioisotope (iodine-.13l) accepted by Federal Food 
and Drug Administration as effective newdrugj phosphorus-32 
accepted June, 1952j and colloidal gold-198 accepted 
October, 1954 • 
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First film of thirteen-part radioisotope training film 
series, "The Radioisotope," made available for distribution 

1952, Apr. Announcement of availability of neutron activation analysis 
service at Oak Ridge National Laboratory 

1952, May Publication of AEC-financed supplement to the Journal of 
the American Chemical Society on labeled-compound synthesis 

1952, June Revision of AEC Cancer Program to make most radioisotopes 
available at 20 percent of catalog prices 

1952, July First authorization of industrial waste disposal service 

1953, Dec. Publication in the Federal Register of criteria governing 
the authorization of AEC-supplied radioisotopes for research 
and development,for human use, and for use under a general 
authorizationj use Of license-exempt quantities of radio
isotopes in humans expressly prohibited 

1954, Jan. Announcement of availability of facilities for irradiation 
of large items at Brookhaven National Laboratory 

Publication by USAEC of list of 492 isotope~labeledcom
pounds available from 13 commercial suppliers, the National 

.~ureau of Standards, and Oak Ridge National Laboratory 

• 

1954, July Announcement of standard reactor units of radioisotopes 

Revision of Federal Radioisotope Distribution Regulations 
to cover radioisotopes produced in any publicly or pri
vately owned nuclear reactors located within the United 
States, its territories, or possessions 

Stable isotopes made available for export 

1954, Sept. Issuance of Argonne National Laboratory booklet, "Irradi
ation Services," containing detailed information on services 
ava~lable at ANL's Research Reactor CP-5, Experimental 
Breeder Reactor, and its 60-inch cyclotron 

1954, Oct. Approval of Kilocurie Fission Product Separation Plant 
to be located at Oak Ridge National ,Laboratory 

Announcement of Gamma Irradiation Facilities at National 
Reactor Testing Station to provide gamma-ray fields of the 
order of 10 million roentgens per hour 

1955, July Large-scale 'production of high-specific-activity cobalt-60 
begun at AEC's Savannah River Plant 



• 

• 

• 

26 

1955, Nov. AEC withdraws from processing and distribution of cyclotron-
produced isotopes . 

1956, Feb. . Generally licensed quantities of radioisotopes increased, 
permitting wider 'use and interchange of small samples 
without an application; simplification of international 
distribution of radioisotopes permitting U. S. licensees to 
export radioisotopes of elements with atomic numbers 3 to 83 

1956, Aug. 

1958, Mar. 

1958, Apr. 

1958, Aug~ 

1958, Oct. 

1959, Jan. 

1959, Aug. 

1960, May 

Sale of enriched stable isotopes approved byAEC 

Records relating to radioisotope licenses made publicly 
available in AEC's Public Document Room 

Cobalt-60 encapsulation services turned over by AEC to 
private enterprise 

Fission-product cerium-144 reduced by AEC to $loOO/curie 
for orders of 100 kilocuries or more 

Kilocurie Fission Product Separation Plant started operation 
at· Oa.k"IRidge National Laboratory 

Isotope Development Program initiated for "encouraging 
the growth and development of radioisotope and radiation 
uses in industry" 

Division of Isotopes Development Advisory Committee on 
Radioisotopes and Radiation formed 

Routine availability of calcium-47 announced 

AEC withdraws from sale of polonium-210 sources of less 
than 20 curies 

1960, July AEC discontinues providing standard reactor-irradiated 
units 

1961, Jan. 

1961, May 

AEC reaffirms policy of withdrawal from neutron irradiation 
service 

Abbott Laboratories announces availability for first time 
of iodine-13l from private manufacturer 

Electromagnetic separations facilities at Oak Ridge 
National Laboratory expanded from 4 to 28 ·calutrons 

Cobalt-60 metal sources become available from private 
industry; AEClimits supply from Commission facilities to 
orders of 100 kilocuries or more; large-order price reduced 
to $l.OO/curie for specific activities less than 30 curies 
per gram 
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1961, June Completion by Oak Ridge National Laboratory of first large 
fission-product source for use in thermoelectric generator--

.17 kilocuries of SrTi03, 110 thermal watts; later placed 
in generator developed by Martin Company to power 'an 
unmanned arctic weather station for the U. S. Weather 
Bureau 

1961, July AEC terminates its radioisotope discount program in medi
cine, agriculture, and biology research 

1961, Aug. 

1961, Nov. 

Routine availability of iodine-125 announced 

AEC withdraws Mound Laboratory as a supplier of plutonium
beryllium neutron sources 

r 

1961,(early) First private production and marketing of Co60 (GEand 
Westinghouse) 

1962,(early) First private production and marketing of short-lived 
isotope (Isoserve, Inc.) 

1962, Mar. 

1992, Mar. 

1962, May 

1961-1962 

AEC withdraws from. neutron activation.analysis service in 
favor of industry 

High Intensity Radiation Development Laboratory to generate 
the engineering design and operational knowledge essential 
to expansion of the potentials of process radiation com
pleted at Brookhaven National Laboratory 

Fission-product cesium-137 reduced by AEC to $Oo50/curie 
for 'orders of 100 kilocuries or more 

AEC makes up to 10 grams americium-241 and neptunium-237 
available to industrial licensees 

Fission-product strontium-90 reduced by AEC to $Oo75/curie 
for orders greater than 30,000 curies 

Completion by Oak Ridge National Laboratory of first large 
gamma-ray (cesium-137) source for thermoelectric generator7-
27 kilocuries cesium borosilicate, 125 thermal watts; later 
inserted in generator by Royal Research Corporation for 
operation of a deep-sea seismograph station for Lamont 
Geological Observatory 

Fabrication of a series of SNAP sources for Navy naviga
tional beacon, Coast Guard buoy', Navy Antarctic weather 
station, and unmanned Navy floating weather station; 
sources by Oak Ridge National Laboratory, generator assembly 
by Martin Company; 31- 225 kilocuries SrTi03, 195-1400 the:rmal 
watts 



• 

• 

• 

28 

1962, Sept. First AEClicense to industry for-land disposal of by
product wastes 

1962, Oct. 

1962, Dec. 

1963, Jan. 

1959-1962 

AECwithdraws from fabrication and sale of polonium-210 
sources of less than one kilocurie for private use 

Development of Cs137_Li silicate glass at Oak Ridge 
National Laboratory for Brookhaven large-scale research 
gamma-irradiator 

First strontium-90 fuel source processed by private 
industry 

Price reduction forcobalt-60 in the high-curie-supply 
area; aimed at encouraging greater commercial reprocessing 
.anddistribution -

AEC withdraws from providing iridium-192 (solutions and 
sealed sources) due to industry capability 

AECDivision of Isotopes Development -arranged and partici
patedin 29 isotope symposia throughout the country to 
encourage industrial use of isotopes 
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Cutaway of Weather Station Power Source 

(See Nuclear News for August 1961) 
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The industrial uses of radioisotopes run the gamut from lighting 

up exit 'signs to gaging density of cigarettes, and ,from tracing:leaks 

in pipelines to testing the efficiency 'of detergents. The point has 

been reached now where almost all large industries in some way or other 

use radioisotopes in their 'operation, as indicated in Table II~I'~ 1-60ne 

2 8 report lists more than 00 specific industrial applications ~- about 

half associated with production and half oriented toward research. 

Proba1?ly the best source of information relative to applications in the 

various industries is one published by the USAEC in ,1962. 7 

History 

The history of radioactivity as we know it goes back to the turn 

of the century and the work of Becquerel and the Curies ,in discovering 

the radioactivity of uranium and radium. The use of radium dials on 

watches and clocks was the first industrial use of isotopes and the' 

forerunner of the presentapPl1cations of such isotopes~sKr85 and 

H3 (tritium) in fluorescent signs. Radiography using x rays started 

with the work of Roentgen in r895. But since x rays themselves are not 

appreciably different from the radiations given off by many radioisotopes, 

the ultimate use of the latter in radiography was inevitable. 

It is to read a section from the three-year summary of 

isotope distribution, published by the USAEC in 1949.8 

"To date, industrial utilization ,of radioisotopes as tracers 

has been largely confined to laboratory-scale investigations, by 

consulting laboratories or by companies that carryon active re-

search programs. But industry already has found several ways to 



• 

• 

.~ 

50 

Table II-I. INDUSTRIESCURRENTLYUSINGRADIOISOTOPES 

Abrasives Linoleum and allied trades 

Agriculture Mechanical engineering 

Aircraft Mining and quarrying 

Heverages 

Building 

Building materials 

Canal, dock, ahd·ha:rbor 

Chemical industries 

Civil engineering 

Coal and coke 

Drugs ·and.pharmaceuticals 

Electrical engineering 

Electrical generation 

Explosives 

Fertilizers 

Fire precautions 

Food 

Gas 

Glass and glass co~tainers 

Iron and steel 

Jewelry 

. Laundering 

Leather 

Motor vehicles 

Nonferrous metals 

Oil prospecting :and control 

Oil refining.and supply 

Paint and varnish 

. Photography. 

Plastics 

Plating 

Precious metals refining 

Radio engineering 

Refrigeration 

RUbber 

Sewage and effluent control 

Shipbuilding and servicing 

Surgical instruments and requisites 

Textiles 

Timber and wood .products 

Tobacco 

Watches and clocks 

Water 
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use the radiation from radioisotopes in industrial practices. 

These include unique devices for gauging liquid .levels and for 

determining thicknesses of .sheet material, and techniques for 

making radiographic inspe,ctions, all of which are generally adapt-

able to plant-scale use. In these uses the radioisotope is not 

incorporated .into process material and there is no possibil,i ty, of 

its r~maining .in the final market ,~roduct. Furthermore, after 

. their 'installation ha$ been completed, these devices can usually 

be operated by people of limited training,,11 

Obviously, some of these comments would not apply' today at .all. The 

gages used solely for determining densities of ,cigarettes, for eXample, 

.number nearly 3000. Hundreds of other devices and ,applications have 

resulted,in ,thousands of publications, many of th~masproceedings of 

symposia .and conferences, and large numbers :of them already referenced 

lOn b"bl" h· 2,9-14 
'. 1 lograp les. 

Most .industrial applications of rad~oactivity have originated dur-

ing the past fifteen years, after reactor-produced radionuclides became 

available. The first iso'tope from ORNLwas C14, distributed ,in 

August .1946. This happened to be for a medical app1icat;ion, but within 

a few months numerous.other isotopes had been put in . invent ory and by 

'1947 industry had started using some ,of them ,on a small scale in mea

suring thickness of paint films,15 in studying friction,16 in radio

graphy,17 as oil field markers,18 and .in the metal-working industry. 19 

Choice of Isotope 

The suitability of an isotope forany,particular application de-

pends upon several factors: (1) availaQilityand cost; '(2) appropriate 
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radiation characteristics, including half-life; and (3) satisfactory 

methods for 'detecting or evaluating the radiations. The fact that 

fewer than 10 percent of the known radioisotopes are being utilized 

on a ,routine basis is due to the cost and lack of availability of 

the other isotopes and not because of any undesirable characteristics. 

Traditionally, the half-life of a radioisotope has been a control-

ling consideration in any use, since short-lived nuclides may easily 

, become too weak too soon. However, as the sensitivity of detection' 

methods has improved, it has become feasible to use 'smaller quantities 

of isotopes and, more important, to use radioisotopes with shorter 

half-lives. By combining our newer high-flux reactors with modern 

methods of high-speed transportation, it becomes pbs.sible to ship 

isotopes with half-lives of only a few days halfway around the world 

with sufficient residual activity to be useful. It behooves us, there-

fore, to examine carefully some of these hundreds of potentially avail-

able isotopes to determine whether or not many of them can be used. 

In many instances the availability of enriched stable isotopes as 

targets for radioisotope preparation will enhance the production of 

high-activity, relatively pure sources at rather reasonable 

In the past, the radiographic sources used to replace x-ray 

60 machines have consisted largely of Co because of its ready avail-

ability and comparatively low cost (as low as $1.00 per curie in 

large amounts), its satisfactory gamma radiations (1.17 and 1.33 Mev) 

and reasonable half-life (5.3 years), and the fact that its radiations 

can be readily detected by many different kinds of measuring:instruments. 
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More rec~ntly, Csl37 has become·important .in industrial radiog

raphy. Although its gamma ray is lower thanthose:of Co60 (0.662 Mev), 

its price is only 50 cents per curie in large quantities and it has .a 

.half-life of nearly 30 years. In the future it would not be surprlslng 

to see Csl37 replace co60 almost completely because (1) Cs137 is a 

by-product from nuclear-reactor operations whereas co60 has to be pro

ducedartificially; and (2) even at present prices, Cs137 because of 

its long half-life is 'only about one third as expensive ona comparable 

b · C 60 d h uld' b h th 1 aS1S as 0 ,an s 0 ecome even c eaper.as e nuc ear 'power 

program grows. 

An ·illustration of ashort~half~life isotope that is currently 

being used in industrial radiography is Sni153, made by neutron irradi

ation of Sm152. Although .the half-life is only two days and the cost 

high when compared to cobalt and cesium, the radiations are particularly 

suitable for use in determination of turbine-blade wall thickness --

a .problem for which every known measurement technique had been tried 

previously without success~20 

Costs and Savings 

That isotope costs are not necessarily prohibitive is borne out 

by a statement of Dr. GlennSeaborg, Chairman of theUSAEC, when he 

said that."an ounce of pure p32 would cost.10 billion .dollars. 

Fortunately, important chemical and medical experiments can be conducted 

21 with a million-millionth of an ounce, costing only a penny." 

The savings effected by the use of isotopes are certainly very 

large, but also very difficult to 'pinpoint. The estimates vary all 

'2 the way from approximately 40 million dollars per year to more than 
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a half billion dollars per year. 5 ,In any case, the savings are 'in

creasing from year to year as. the uses increase. 

Applications 

Some of the important' specific isotope applications are 'listed in 

Table 1I-2, as well as, for a ,few 'of them, the estimated number of 

individual pieces 'of equfpmentJlicensed at the time the table was 

compiled .:5 As indicated in the table, by far the most widespread 

industrial use of isotopes is-In gaging. This application usually 

depends upon the fact that as radiations penetrate material, the 

intensity of the radiation diminishes in proportion to the density and 

thickness of the mate~ial being penetrated. Level gaging, thickness 

gaging, and density gaging :all fall into this category. 

,Le'vel Gaging. To determine the level of the contents of a con

tainer, or to detect when the contents reach a certain level in a con

tainer being :f:Llled, the source is usually placed on one side of the 

vessel or container and the detector on the other (Fig. 1-7, p. 38). 

The source and detector can be moved to locate a static level, or the 

source and detector can be set ,at a .predeterminedlevel and register 

the instant that the contents reach that ,level; in both cases, the 

change in density introduced by the contents is reflected ,in the radi

ation reaching the detector. Of course, in the case of the filling 

device, the detector can be incorporated into the filling-mechanism 

circuitry to shut off the flow. Likewise, the circuitry can be de

signed to operate a correct fill monitor (Fig. II-I). 

Sometimes it,is desirable to keep track of varia~ions in liquid 

,levels within ,a container. In this case, the source can be placed 
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Table 11-2. SOME INDUSTRIAL APPLICATIONS OF RADIOISOIDPES 

Application 

Cigarette density gages 

Thickness gages 

a. Paper and allied products 

b. Metal 

c. Rubber and tire fabric 

d. Plastic and adhesive 

e. Others 

Number 

2,700 

370 

160 

120 

135 

150 

Gages such as liquid level, moisture, H-C ratio, 420 

snow, etc. 

Radiographic testing 

Oil well stimulation (acidizing) 

Oil well logging 

Petroleum refining 

Pipeline oil flow 

Other applied .industrial tracing 

Piston ring and similar wear studies 

Tool wear studies 

Corrosion studies 

Other 'industrial research 

Luminescent sources 

Miscellaneous industrial applications -

large-scale irradiation, sterilization, etc • 

520 
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vertically above or below the contaJner'with the, detector at the oppo-

site end and the radiatron readings calibrated to Show the ,liquid 

,level. Or, the source can .beplaced on the surface of t,heliquidand 

the, variations in intensity, based on the inverse square:law, related 

to.thelevel (Fig. II-2). In the petroleum industry liquid ,levels in 

refinery tankage and reaction vessels, as well as solid ,levels :in 

storage bins and catalyst hoppers, are determined routinely, based on 

the movement of a ,c060 , "float. u22 A rather recent ·application of this 

type involves the detection of an interface ina.propane storage 

.23 reservoir. 

Levels can also be determined by a backscattering technique, 

using an .isotope such as Cg134, which depends upon the fact that the 

amount of baokscattering from the container is greater below the -level 

of the contents than it'is above the :level. 22 

Thickness ,Gaging. The use of radioisotopesfor'measuring and 

controlling thicknesses is well established. It makes'little difference, 

in principle, ,whether the gaged material is ·metal, .. glass, paper, plastic, 

or cracker dough (Fig. II-3). Perhaps the unique advantage of this 

application ·is the fact that .it "lends itself so nicely to automation. 

As the detecting device measures the thickness, the instrument response 

can be incorporated in a servomechanism which automatically increases 

or decreases the spacings between the rollers to very close tolerances. 

It is not difficult to see how this saves material and .decreases·losses 

resulting from the product· ... berng lIout 'of specs. II 

Formeasur~ng and controlling 't\he thicknesses of coatings 'on 

paper, one technique is to combine two thickness gages -- one to measure 
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the uncoated feedstock, and the other to measure the coated product .--

with a computer which calculates and then controls the actual differ-

ence between the two, which is the coating. This radioisotope pro- . 

cedure is obviously much faster than the traditional "sample and weigh" 

method and is also continuous and .nondestructive. The'close control of 

tolerances greatly reduces_off-specification scrap. 

It .is also possible to determine thicknesses of thin layers by a 

( : 4) 24- 30 "backscattering" procedure Fig. .11-. Recent development of 

bremsstrahlung and characteristic x-ray sources has added more variety 

to the possibilities for determining thicknesses. 3l- 33 

In general, the principal advantages to be gained from the use of 

radioisotopes in thickness gaging are: 

1. Lower consumpti"on of raw materials. Ordinarily, the manu-

facturer must set his thickness tolerances on the high side 

in order to be able to meet a certain minimum requirement at 

all times. Since tlie automatic radioisotope-actuated gages 

permit closer tolerances through better control, much mate-

rial can be saved. 

2. Reduced scrap. Since the isotope gage allows the'equipment to 

'get on stream rapidly, and it is not necessary to cut.and 

weigh actual. control~samples, scrap is greatly reduced. 

3. Increased productivity. Because of the shorter time required 

during start-up to get product within tolerances, actual pro-

ductive time is increased. 

4 •. Reduced manpower. The fact that the gages incorporate auto-

'matic adjustments with the quality-control measurements 



• 

• 

• 

eliminates the need'of personnel toma,ke manual adjustments 

and to carryouttedrous analyses • 

. Density Gaging. ObViously, the'measurement ·of thickness is not 

really.differentfromtlie measurement of density. The 'first one assumes 

a :fixeddensity, .and the'second a fixed 'thickness. ·Hence the'equipment, 

at ,least .,in 'principle, is. almost . ,identical to tha tused for thickness 

gaging. By far th,e ·largest-, single usepf any kind of gaging equipment 

,is in the tobacco :industry :to control the. "firmness" :of cigarettes • 

. Several thousand individual gages ,are ,in continual use in the U. S. 

alone. The principle is' clearly. 'illustrated ,in Fig. 1-9, p. 40. 34 

Density gages are alsoqUitesatisfactoryfordetecting.interfaces.in 

pipeline flow (Fig. 11-5")'. As the second of two ,liquids 'of 'differ.ent 

density passes the source and detector, the:change.in absorption of 

radiation can 'be used to actuate a valve and send the second liqUid.in 

a new .dir,ection~ 

An unusual application of a ,density gage is· to measure the ,degree 

·of poiymerization of butadiene and styrene (synthetic rubber). As the 

two reactants polymerize, the density changes, and the detector reading 

can'be calibrated in terms :of percent completion of the polymerization 

(Fig. ,II:"6') . 

Without:making specific reference .to·anyindividual application, 

we point out that ,densitygagfn.g:has been used successfully. in many 

different ,industries and.in·marly ways •. Included.are sugar solutions, 

slurrie,s' (of lime, clay, ,aildmetal ores), suspensions, ,brines, bases, 

acids (e.g., battery acid), black liquor (in the paper industry), 

condensed milk, ground corn, starch,tomato 'paste, foamed.latex, 
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synthetic :rubber" r'ock wool, ,gasoline and other,hydrocarbons, jet 

engine fuels, and rock wool blankets, to mention a few. 

,Radiography. Industrial radiography, lilce medical teletherapy, 

was well developed with X rad1at,ion :,lon'gbefore the advent of radio

isotopes. The·li-Oerature on the subject ,is voluminous. 35 The use of 

radioisotopes to ,'replace traditional x-ray sources and machines has 

resulted ,in ,a number 'of'advantages, including : low' cost, portability, 

operability in small sp~ces,a~d gl~eater 'effectiveness (Fig. ,1-10) .36-39 

'The most-u,sedisotope for radiography has beenC060 , 6 ,36- 3'9 with 

its 5.3-ye?or half-life 'and,1.17~a.nd,1.33,..M~v gamma rays. Sources of 

C060 of all sizes and sh~p;es have been ava;ilabl~ fto~'commercial sup

pliers for many: years . 'A pro~il.sing cOIIlpet~ tor, how~~er, as suggested 

earlier, is fission-product cs137,40-~2with a 30-year haif-life :and 

0.66~Me:v gamma ray fromrt~ Bal37m daughter • 

. Of particUlar interest .aresome of the'm6re specialized and 

exotic radiographic sourc,es that .are continually being developed. 

Many of these haveextreUiely:high specific activities and can serve 

as the much-needed point sources which are so advantageous for good 

resolution ,and definition. 'The use of Snii53 for examining turbine 

. 20 
blades has alrel;Ldybeen·mentioned. Considerable success isantici-

pated with the use ·of 1125, ~s ',a source 43 (Fig. III-I, p. 80) ~ Iridium-

192. (Tl / 2 = 74 d, 0.1-0.6 Mev y), because 'of its relatively soft gamma 

radiation, is particularly useful for radiography of light cast:.-, 

ings,38,44-48 as is l27-day Tm170 withitsO.084-Mev gamma .ray.49-5l 

60137 -192 ,170 For measuring the thickness of concrete, Co ,Cs ., ,Ir ,and TIn ' 

may all be used. 52 
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An'unexploited but .potentiallyval-uable type'of radiographic 

source -- especially for thin "materials --involves secondary radi

ations53,54 from such radioisotopes :as fission-product .Prri147 55,56 

155 ·144- 57' and.fromEu andCe • The~nergyof the ·secondary radiation can 

.be controlled .between very narrow.-limits by appropriate choice of 

matrix:orbacking. 

In general, ,anything that ·an x-ray machine can ·do radiographically, 

some 'radioisotope canarso do • 

. ·Tracing. As .is ~he casein 'most ·fields 'of ·radioisotope utiliza-

tion, . industrial tracer technlques:offera.wide variety of applica~.· 

tions. 58 They permit nondestructive analyses, allow in-process studies 

by eliminating the necessity. for shutdowns to obtain samples, and·lend 

themselves to rapid . detection .so that ·such things .as completeness of . 

mixing, . rates 'of precipftat"ion, or'mechanisms 'of reactions can.be 

. dl 1 t d Th r·· t·· t t d" 1" 59-64 rapl y eva ua e .e'app lca .lons 0 wear's u les are c asslc, 

with piston rings, gears, and.-lathebits being only a few of the ·many 

items that .have b.een studied extensively. The ··effects 'of lubricants 

:on various types ·o.fw~ar :have been studied .in great detail, 60 ,65 w1th 

resulting.improvementsto.both lubricantsand.bearing surfaces. The 

wear characteristics of 'automobi,le t.ires have be.enevaluated with 

d · t . 66 ra 10 racers. 

The petroleum : industry has been particularly receptive to the use 

f d·· t t' '.' f th . t·· 22,67-72 St d" .0 ra 101S0 ope racers .1n 'many, 0 , elr 'opera ,lons. U les 

of catalyst .flow,73-75 coke formation,76 and hydrogen exchange'on 

catalysts,77 madepossibIe'" by the use,of radioisotopes, have been 

very beneficial. Liquid flow rates can be controlled by the·use ·of 
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added tracers. 78 ,79 

Interfaces in pipelines can·bedetected by use of a radiotracer 

such .as Sb124 triphenylstibine added to one of the petroleum products 

being transported80 (Fig. I-lr, p. 42). As the tagged section of flow 

'passes the detector, the fluid can be appropriately diverted. 

King 72 has tabulated some ,of the isotopes most often used by 

refiners. 

PROCESS 

Radiography, mixing, inventory, trouble. 
shooting, vapor 'line, sediment 

Catalyst mixing, inventory, stack losses 

Liquid flow rates and mixing 

Heat exchanger-leaks 

Gas flow rates 

Entrainment 

Batch mixing 

ISOTOPES USED 

C 60 C 133 I 192 o , s , r 

Ba
140 C14 Sb124 C060 , , , 

.1132 

Th t d f 1 d ' ff" . 81,82 'th ' d' t e s U y 0 .aun I.erlng e',' lCJ_enCles W1 var10US ra 10 racers 

has resulted, in better detergents (lrig. II-7). 

A specialized application-of tracer technology is activation 

analysis. 58 ,83-87 The specific applications are varied, and run from 

checking backflows in water valves88 to forensic use89,90 and from 

dating archeological specimens9l to studying zone'melting. 92 (See ,also 

page ). 

Miscellaneous Applications. To try to cover all the industrial 

applications of radioisotopes 'would be completely beyond the scope of 
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this review. However, a few more typical uses t,o show the breadth of 

the possibilities is.in ~rder. 

In many instances, the presence of static can be ·a very serious 

problem -- from the 'standp9int both of potential explosions, and of 

causing:much scattering of fine particulates or interfering with the 

flow of fibers. Static 'eliminators93- 95 have almost completely solved 

this problem (Fig •. 11-8). 

The use of radioisotopes in luminescent signs and markers has tre

mendous possibilities. 96 ,97 Tritium- and Kr85-activated phosphors can 

be prepared to provide fluorescent signs that will continue to glow 

unattended for years. Small "lights" are contemplated to ,locate auto-

mobile and home door ·locks. 

Two types of applications that ·are only mentioned here will be 

covered in greater 'detail in future issues of this review. One is the 

large-scale heat and thermoelectric sources using the decay energies 

from radioisotopes -- particularly fission products. The other is the 

use of radiations, usually gamma rays, for pasteurizing foods, steri

lizing sUrgical instruments, effecting mutations in seeds and plants, 

and catalyzing .cqemical reactions. Perhaps the most interesting :in-

stance of the last use is the decision by Dow Chemical Company to use 

Co60 to catalyze the production of ethyl bromide -- the firstappli-

cation of radioactive energy to catalyze a commercial chemical reac

tion. 98 
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The·literature on medical uses of radioisotopes is briefly reviewed 

here.* Since developments in this rapidly expanding field have been 

summarized in various well-documented publications,l earlier original 

literature was not extensively consulted. OnlY'a few.of the many pub-

·Iished papers are listed here, and emphasis is on recent, rather than 

older, work. Since many reports are preliminary and opinions on the 

effectiveness of some of the isotopes differ widely, in future issues 

of this quarterly various viewpoints on the medical use of radioisotopes 

will be presented, and some of the less well-known isotopes, both old 

and new, will be reviewed. Readers with publications in this field are 

invited to send in reprints to ensure coverage. 

The medical use of artificial radioactive ,isotopes began in the 

late thirties. 2 The increasing interest in them !,is indicated by the 

numerous conferences,3 journals,4 bibliograPhies,5 and reviews6 partly 

or entirely devoted to this field. Radioisotopes are used in both 

diagnosis and therapy (Table III-17), in ·the:f.ormer d:n;:extremelysmall 

amounts;; in the latter,chieflY'in malignant or malignancy-related con-

ditfons. Safety in their use is ensured (1) by requiring the licensing 

of physicians who use them -- and then only after special training; 

(2) by sta~dardization of handling techniques and adoption of special 

safety regulations·byhosPitals. 8 EarlY fears of long-term 'adverse 

*The editors of this review gratefully acknowledge the many helpful 

suggestions made by W. G. Myers, M.D., and M. Brucer, M.D.,.who reviewed 

.a rough' draft of the manuscript. Some of their suggestions that could 

not be readily 'incorporatedwill be used .. in future issues. 



• 
Test 

1131 studies of thyroid function; 
NaI, usually oral 

1131 for diagnosis of thyroid 
carcinoma; oral 

Fe59 iron metabolism; usually 
intravenous iron citrate; oral 
doses used to study absorption 

cr5l red cell survival; red cells 
labeled with Cr51 in vitro and 
injected intravenously 

I 13l -labeled rose bengal; intra
venous 

• 
Diagnosis 

Measurement 

Percentage of dose concentrated in. 
thyroid, percentage of dose excreted 
in urine; plasma free and bound 1131 

Scanning and external procedures 

Serial plasma assays for" several 
hours; red cell assays for about 
10 days; external counts over 
spleen, liver, sacrl.lln; bl;o'od and 
fecal assays after oral dose 

Serial assays of blood (red cells) 
for 2 or 3 weeks; external counts 
over spleen, liver, heart; fecal 
assaY$ for gastrointestinal 
bleeding 

Fecal and urinary excretion; some
times external counts over liver 

Rates of removal from bloodstream 
and concentration in liver 

Usefulness 

Valuable index of thyroid 
function; drugs cause inter
·ference 

• 

Relatively little value While 
normal thyroid gland present; 
highly useful in locating 
well differentiated metastatic 
lesions after thyroidectomy 

Helps explain mechanism of 
some anemias, importance of 
impaire.d erythropoiesis versus 
hemolysis J' o'ral test indi
cates absorption defects .f-

Indicates rate of hemolysis 
and to some extent the .role 
of the spleen in hemolysis 

Shows fundamental defect of 
pernicious anemia even if 
patient is not in hematologic 
relapse 

An index of liver function 
and biliary patency 
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Test 

I13l-label~d fat; oral 

Cr 5l , p32 red cell mass; 1131 
albumin-plasma volume, Na24 , 
K42 for Na and K spaces 

1131 as NaI1 usually oral 

• 
Measurement 

Blood, urinary, and fecal levels 

All based on .dilution principle; 
solution of isotope (or suspension 
of red cells tagged in vitro) 
given intravenously and after mix
ing.in the body, blood concentration 
determined 

Therapy 

Patients Treated 

Uncomplicated Gravest disease 
patients over 40; complicated 
Graves1 disease any age 

Toxic nodular goiter in selected 
patients 

Usefulness 

Information on intestinal 
absorption, pancreatic 
function 

• 

These tests give data on red 
cell and plasma volumes, 
fluid bal~ce and electrolyte 
status; may be helpful in 
presurgical evaluation, study 
of metabolic and endocrine 
disorders~ 

Usefulness 

General results excellent; 
multiple-doses needed in some 
cases; significant incidence 
of early or delayed myxe~ema 

Eventual control of toxicity 
in most cases; may require 
repeated doses; concern over 
malignancy already present 
at onset, plus desire for 
rapid result, may reconnnend 
surgery for patients who can 
be well prepared 
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p32 as, soluble phosphate; oral 
or intravenous 

Colloidal Au198 , p32,y90 

• 
Patients Treated 

Thyroid carcinoma in selected 
patients 

Certain patients with angina 
.pectoris or intractable congestive 
heart failure 

Chronic granulocytic leukemia 

Chronic lymphocytic leukemia 

Polycythemia vera 

Lymphosarcoma , multiple myeloma, 
,diffuse bone metastases 

Acute leukemia, Hodgkin's ,disease 

Intracavitary in patients with 
effusions and ascites caused by 
malignant tumors 

Intravenous for granulocytic 
leukemia and diffuse lymphoma of 
liver 

• 
Usefulness 

For treatment of relatively 
small group of patients 'with 
nonresectable lesions showing 
ability to concentrate the 
isotope 

Clinical improvement in sig
nificant percentage 

Generally good results 

Useful, often in conjunction 
with local irradiation 

Good results in patients not 
suitable for phlebotomy alone 

Occasionally some value 

Rarely useful 

Symptomatic value; partially 
supplanted by nitrogen 
mustards 

Very limi te.d value compared 
with other forms of therapy 
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co60 Csl37 radium-226 " , 
ra~on-222, Sr90for implantation 
and brachytherapy 

Co60 , Csl 37 for teletherapy 

• 
Patients Treated 

Direct injection intq tumor in 
certain cases of prostate carcinoma; 
attempt to radiate lymphatic 
channels 

·Certain localized tUmors, especially 
carcinoma of cervix, head, and neck 

For all lesions suitable for 
external radiation therapy 

.Usefulness 

Believed useful if properly 
used in 'carefully selected 
cases 

Useful in skilled hands for 
'properly selected pati.ents 

Highly useful and practical 

*Reprinted with minor style changes with the kind permission of publishers, from G. A. Andrews, 
Medical students :and r.adioisotopes, The New Physician, 9(12):23-7 (1960). 

• 
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effects on patients have .been tempered by the results of experience. 

According to Lawrence,9 for example, cancer has not once been reported 

as a result of radioactive iodine therapy of thousands of hyperthyroid 

patients; and in 25 years, the survival rate of more·than '500 poly

cythemia vera ~atients treated with p32 has been ,about the same as 

that of patients with diabetes or pernicious anemia treated by standard 

methods. There ,is wide usage of radioactive iodine for toxic goiter 

in patients over 45, of p32 for polycythemia vera, and .of various iso

topes for pituitary 'or thyroid ablations to relieve other conditions. l 

Among the radioisotopes now used.in-internal medicine.in the larg-

131 32 -198 ·51 59203· ,est amounts are I ,P, Au , Cr ,Fe ,and Hg ,but many 

others are used.in smaller amounts;. large quantities of Co60 and Cs137 

are used .in teletherapy units. Many radioisotopes.are being studied 

for potential use, and useful ones .are introduced.into the field as 

new production methods are developed ana 'costs are ,lowered. Criter~a 

for suitable isotopes .include.high specific :activity, suitable half-life, 

physiological compatibility with body processes, and the ability to 'at 

least partially localize in the tissue being examined .or treated • 

. Radi'oiodine ,for example, while not entire.iy thyroid~specific, is an 

obvious choice for thyroid conditions, as is calcium for bone. Speci-

ficity may sometimes be obtained .by incorporation in compounds (e ... g., 

radiocobalt. in vitamin B12, which localizes in the liver ) 0 An .isotope 

may be localized physically as a wire, as:a colloid, or as the recently 

introduced ceramic beads. IO Both the physiological and biological half-

·life must be considered, and selection maybe made on the basis of the 

need for particular radiation characteristics ~- from a soft beta .all 
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the way t,o a hard gamma radiation. In earlier work, isotopes wi th a 

short physical' half-life were found inconvenient to use,ll but they are 

finding application now with development of new.instrumentation and 

sources of supply. 

Iodine 

1131 (8.1 d, 0.33- and.0.6l-Mev ~rs, 0-36-and 0.64-Mev 7'S). 

Iodine-13l is most .coromonlyused for diagnosis of thyroiddisorders. l 

other uses include incorporation in human serum albumin for determina-

12 tion of the t,otal circulating plasma volume, placentography, estima-

tion of mitral valve size,13,and,detection of right-to-left cardiac 

shunts. There has been partial success in localizing brain tumors with 

-labeled compounds, and I 131_labeled methyl iodide has been used 

for detecting.left-to-right cardiacshunts.14 Rose Bengal containing 

I13l lS useful for·liver function tests and for blood flow test~15 and 

has been suggested for detecting liver metastases that are not obvious 

from surgery. 16 Recent reports indicate the Rose Bengal_I13l hepatoscan 

to be a satisfactory technique. IT Other~:I13l-labeled compounds reported 

useful are Hippuranfor renal tests18 and for determining cerebral 

circulation time;19 Diodrast ,for evaluating venous diseases of the 

20 21 lower 'extremities; sulfobromophthaIein for liver function tests; 

22 131 and compounds for 'studying fat metabolism. An I -labeled compound 

demonstrated 200-ml pericardial effusions in a simulated system, and 

an accurate and reproducible method for insulin assay with 1131 has 

been reported. 24 

In thera.py~; 1131 has been used for nontoxic25 as well as toxic 

0t 1 gOl er. It is used as a ,palliative in thyroid carcinoma, and an 
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-tagged ,fat-soluble medium, which accumulates in regional ,lymph 

nodes, is potent.ially useful for irradiation of neoPlasms~26 Thyroid 

ablation by 1131 in more than 1000 patients improved angina pectoris in 

75% and"'conges't;'i\re: heart ,fai.j}Ur:e;itn·~j60%:·\bf·;·.tJ:10Se'afflicted,~·27 For-

tunately, gamma irradiation of the ovaries from urinary excretion of 

administered 1131 is considered negligible. 28 

I125 (57.4 d, no (3, 0.035-Mev 7). Iodine-125, which is easily 

'produced by neutron bomb~rdment of Xe124 , is becoming increasingly 

valuable in diagnosis. Irr&diation of a patient by it is about half29 

that from 1131 , assuming that the biological halftime is equal to the 

physical half-life. Good thyroid and.liver scans have been made with 

i~,30 and Hippuranlabeled with 1125 has been used for renograms. 31 

As a tag for serum albumin and oleic acid and in the salt .NaI125 , it 

has given good results in experimental blood volume, .absorption, and 

thyroi-d tests/2. and has been suggested for indicating the extent of 

arterlosclerosis. 33 In a .promising new technique for·lipiddigestion 

and absorption studies, acompound.labeled with 1131 and another labeled 

with 1125 are administered simultaneously .. 34 The promising use of 1125 

in radiography35 is indicated by a photograph of the bones 'of a hand 

made with this isotope (Fig. III-I). Exposure to both.patient and 

technlcian is low because of the ease of shielding against the 27.2-

35.4-kev photons. Portable x-ray equipment is being developed with 

,1125 sour ces • 36 

132 ( . ) I 2.3 hr, 1.5- to 2.1-Mev (3f"s, 0.53- to ·0 .. 95-Mev rts .. 

The use of 1132, which ~s easily recovered from 'atelluriumsource, 

would decrease patient exposure to 1-2% of that from 1131 and would 
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TWO PHOTOGRAPHS OF HAND, TAKEN WITH IODINE-125 

Fig. III-l a 
Figo III-l b 
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allow repeated administration. 37 Thyroid funct.ion after 1131 therapy 

may be determined by observing the absorption of 1132, whose higher 

'energy gammas are easily detected in the presence ,of residual 1131 • 38 

1123 (13.3 hr, no ~, 0.16-Mev z). With 1123, exposure of a patient 

would be only 1-5% of that from 1131 • Experiments on preparation of 

curie amounts are projected. 39 

1124 (4 d, 1.53- and 2.13-Mev t)fs, 0.6- and 1.72-Mev lIS). 

Iodine-124 has been suggested for greater uniformity of dose in thyroid 

. 40 carClnoma. 

Phosphorus 

32 P (14.3 d,1.7l-Mev ~, no z). The largest use of p32 .is in 

treatment of polycythemia vera ,and chronic leukemia. l It has, not·, be:en 

very useful in acute leukemia. Blotting paper soaked with radioactive 

sodium phosphate was used in early applications for skin lesions, and 

actIvated red phosphorus incorporated .in polyethylene in later work. 

Metastatic bone cancer has been treated with p32 as thephosPhate. 4l 

Colloidal chromic phosphate-p32 and Au198 , as well as nitrogen 

mustard, for c.ontrol of malignant ·intracavityeffusions are compared 

ina recent review42 of 222 cases treated with .p32 and 2110 with Au198 . 

'CollOidal chromic phosphate-p32 has been used for palliation of cancer, 

and colloidal zirconyl phosphate-p32 administered .intravenously to more 

than .250 patients with chronic-leukemia and lYmphomas is reported to 

have resulted ,in prolonged remissions and long treatment-free periods. 43 

In .diagnostic applications, an in vivo test for human spermato

genesis using sodium phosphate-p32 has been described,44 and the ability 

of newly proliferating cells to c,oncentrate p32 has been used to 
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differentiate benign . from malignant -ocular' 'lesions ~45 

Gold' 

l~ ) ·Au ' (2.7d, 0.97 .. Mev~, O.41-Kev 1 .~. Gold-198is most commonly 

used as a colloid., 1 which has :0.003- to ,O.007-IJ.-dia •. particles. When 

this material is administere.d to a .patient and a scan ·is performed, 

nermaI liver shows an even .gradation of actiVity, but .lesions result 

. in ·.actl vi ty concentrations ~ 46 Diagnostic ·uses include determination of 

liver blood f'low,15 and in regions where' tlie ·par·asitic 'Taenia Echinococcus 

granulosus occurs 'it has 'beenused for·localizing·hydatidliver cysts 

and for f'ollowingup healing after drug administration or surgery ~ 47 

rrolloidal geld has been used in treating both primary carcinoma 

. 48 
and metastases. Transportation to the·lymph nodes is hastened.if 

the particles are coated "With sil ver·;"49 but radioactive ·colloidal gold 

has been injected directly into the lymphatics. 50 other'uses are in 

'treating leukemia5l and in controlling.malignancy-induced .intracavity 

" 52 
fluids. 

Interstitial implants 'of Au198 s~eds have been used·for hypophy

sectomy and f'orpalliationef metastat'ic carcinoma. 53 The -hypophysis 

iml;>Iantationrequires .about 30 min. Problems in ,s.urgical and radio

-tllerapeutic ·pituitary ablation are discussed .in .recent .reviews. 54 

. Cliromlum 

. '51- 51. .51 
, Cr (28 d, no f3, 0.-32-Mev z). Hexaposi ti ve Cr ,J.n Na2Cr . 04, 

attacF.i.es. to the red cells and may. be ·used to determine such quanti ties 

as red cell survival time.
l 

A new.instrument .foraccurate blood volume 

51 ·131 55 'measurement uses Cr -tagged red cells or I -albumin. Such cells 

have been .suggested for determination of cardiac -output. and for placental 
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localization (no activity is transferred to the fetal circulation), 

and are the basis fora simple methodfor'quantitation of menstrual 

blood 10ss56 and for spleen studies. 57 · Tripositive chromium (as 

cr5lCI
3

) in solution attaches to plasma proteins and is useful for 

determining plasma volume. Serum albumin labeled with Cr5l is easily 

prepared and has been introduced for demonstrating gastrointestinal 

protein 10ss.58 

Implants of Cr51 have been recommended for cancer therapy.59 

·Iron 

Fe59 (45 d, 0.26- and 0.46-Mev ~,I.I-andl.3-Mev z). Detailed 

methods for Fe59 tests are described ,in a .recent brochure. 60 As the 

cliloride, citrate, or sulfate, Fe59 has been used for iron ,absorption 

d t ·, I' t' t d' 61 It h 1 b d f d t .. d an u 1 lza ,lons U! les. as a so' een use or e ermlnlng re 

cell survival time, but the necessity of labeling the cells in vitro 

, '51 
makes it less convenient than Cr • The advantages and disadvantages 

of Fe59 and Cr51 are discussed in a recent review. 62 

Fe55 (2.94 y, O.0059-Mev x ray following electron capture). 

ComparIson of the percentage utilization.of intravenously administered 

Fe59 to that of oral: Fe55 has been used for iron absorption studies. 63 

Mercury 

. Hg"203 (47 d, O.21-Mev~, 0.28-Mev 1). Besides the use of mercury 

isotopes .in tracing kidney drugs ,64':Hg203 has been used for 'localizing 

brain tumors and for determining cerebral circulation,time.65 Neohydrln 

and Chlormerodrin labeled withHg203 have been used for 'kidney examina-

t " 66 lons • 
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When·the stable isotope BIO is depesited.in brain tumer 

tissue and activated by neutren bembardment, the rel~asedalpha radi-': 

ation is effective fer contreland palliatien.67 By this treatment,. 

cells .of transplantable sarcemas ·in'mice have been killed and cancer 

has disappeared in 2-4 weeks. 68 This methed .of treatment .is net new, 

but .basic techriiques :are·still being investigated. 69 

.Fluorlne 

.F18 (1.87.hr, 0.65-Mevpqsitron ·emissien). Fluerine-18 has ·been 

us'ed as areplaeement .fer Ga 47 and Sr85 in bene scanning. 70 It has 

alsefound application·inthyreid studies7l andin·locating.brain 

tumors. 72 

Sereni"um 

Se75 (120 d, ne f3, 0.14- te 0.28-Mev Z's). The ·high specificity 

of· Se75-selenemethionine for the pancreas suggests that this cempeUnd 

might'be useful in early detectien .of pancreas carcinema. 73 

: Krypton 

,Kr85 (10.6 y,0.67-Mev f3). Because .of its ·lew selubility, .in

jected or· inhaledKr85 is useful in determfning cerebral and cerenary,: 

bIeed ·flew and cardiac :andpulmenary shunts. 74 ,For example, if a right-

te-left cardiac shunt is present , activit.y in the arterial system 'rises 

rapidly when Kr85 ·is given,intraveneusly.75 If ,a.left-to-rigbt shunt 

.. i~ present, the Kr85 concentration in the ·pulm.onaryartery re,aches a 

value '20 times that .ina .systemic artery foll.owing.inhalati.on .of this 

gas. 76 A simple technique for studying pulm.onary functi.on'with Kr85 

has :been devised;77 and a riewtechniquef.or rapid and accurate 
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measurements 'of serial heart blood flow was reported recently.78 

strontium and yttrium 

Sr90 (28 y, O.54-Mev ~, 2.27~Mev ~ from y90daughter, no y). 

In an external source containing Sr90 designed f~r use ,in ophthalmology, 

the Sr90 beta ,particles are filtered out so that only the y90 betas. 

actually reach the lesion. The lens is notirradiated~l 

ItRadiation curettage," destruction of the uterine mucosa by radi

ati'on from a Sr90 source placed in the uterine cavity, has been recom-

·mended for control of endometriai bleeding when no malignancy. 'is 

indicated. 79 

Sr85 (65 d, no ~, 0.5~Mev y). StrontiUm-85 has been used .for 

localizing bone tumors80 and for studying .b.one metabolism. Because of 

90 i.ts shorter half-life, irradiation of the body is less than with Sr • 

Its gamma radiation can be detected externally. 

'Sr87m (2.8 hr, 0.39-Mev y). This isotope, which can be obtained 

quickly, as needed, from 80-hr y87 , has been mentioned8l for possible 

use in obtaining information available ina short time; for example, 

circulation time, cardiac output, and various clearances, and in radiog-

raphy. 

y90 (64.5 hr, .2.27-Mev~). Injected ceramic y90 particles of ~O 

\-L dia., which are trapped in capillaries :of the lung, ,liver, and other 

'organs, have been used for cancer therapy.82 Thirty-five patients 

with Parkinson'S disease were .improved by brain .implants .of ceramic 

8 84 
y90 beads. 3 Carrier-free y90 may be'eIuted with citrate from 'a cation 

exchange resin preparation of Sr90 • It may be infiltrated as a solution, 

implanted .in a .plastic 'filament, ~rapplied in a.bag 'or absorbed .in' 



• 

• 

• 

blotting:paper.85 

Because :it is a .pure beta emitter, .colloidal y90 results in less 

'198 exposure of h.ospital personnel than Au ,and it has been used for 

--control of malignancy- induced' effusions. 86 Complete pi tui tarydestruc-

tion nas been reported as a result of packing the fossa, following 

surgery, with powdered y90 dispersed .inwax.87 For superfioial radi

ationtherapy, y90 has been incorporated in small plates, which can 

. ul . 88 .be selected to cover an ~rreg ar ·area. Transperineal injection 'of 
. . 8 

. y90 has :been used for prostatic cancer. 9 ~ntravenous y90 gave good 

results in eight polycythemia verapatlehts. 90 

,Calcium 

,ca;45 (164 d, o. 25 ... Mevf3, . no z). C~lcium ... 45 has been used for 

studying calc,iummetabolism,. Paget fS .disease ·of bone, and hypopara

thyroidism. 91 

08;47 (4.7d, 0.66-and,l.94-Mevf3's, 0.48- to,1.3 .. Mev yfs;accom

panied.by 3.5 .d s647 daughter with.0.46- and 0.62 ... Mev f3 f sand 0,,175-

Mev 1'). Possible medical uses of the now-available ca47,.whieh.is of 

interest because ·of its high ga.mm.a. energy, .are being extensively.inves

·tigated. 92 

, CObaTt 

60 ·~o (5.3 y, 0.31 ... Mev 13, 1.17-and.l.33 ... Mev y). By far the larg-

est use of C060 is in teletherapy units,lb,-c,93 descriptions of which 

may.'be . obtained .from 'various eqUipment manufacturers (see ·also book 

review section of this' 'iss1.:J.e). Such unitswerewide~ydistributed by 
94 . . 

,1959 (Table 1II-2). In' ·1962 they were reported to number '1400, of 

95 96 which '550 are in the U.S.A. and Latin America. They are reported 
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Location Unit Location Unit 

Ir192 Cs137 CobO Ir192 Cs137 cobO 

Africa : ",Lebanon 1 
Algeria 1 Philippines 4 
Union of South Africa 1 Thailand 1 

America Europe 
Argentina 3 Austria 2 
Brazil 8 Belgium 2 
Canada 2 24 Denmark 2 
Chile 2 Finland 1 
Cuba 2 France 1 40 
E1 Salvador 1 Germany (Fed. Republic) 4 

\0 
Mexico 12 Greece 3 VI 

Peru 1 Hungary 1 
Puerto Rico - 2 Italy 26 
United States 6b 264b Monaco 1 
Uruguay 2 Netherlands 4 
Venezuela 5 Norway 1 

Portugal 1 
Asia Spain 5 

BUrma 1 Sweden 7 
Ceylon 1 Switzerland 4 
China (Taiwan) 1 United Kingdom 1 8 33 
H6ngKong 1 Yugoslavia 1 
India 3 
Indonesia 1 Oceania 
Iran 1 Australia 4 

" :Israel 3 New Zealand 2 
Japan 200c 

Totald 1 18 689 

See folloWing page for footnotes .. 
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Footnotes to Table 

aReprinted, with minor style changes, from reference 94. 

bThese figures represent the nUmber of licenses issued as of 
August 1, 1959; they do not include such teletherapy installa
tions as those at Oak Ridge Institute of Nuclear Studies and 
Argonne Cancer Research Hospital, for which no license was re
quired. 

CEstimated, mainly low curie units. 

dIncluding only countries for which information is available. 
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to be in use in Communist China, and have been referred to'as the most 

important product of Atomic Energy of Canada Ltd. 97 A nonroutine use 

of co60 teletherapy is ~ possible new treatment for leukemia .inwhich 

blood, circulated outside the body through a tube, is exposed to Co60 

radiation. 98 

Cobalt-60 nee~les .have been implanted in tumors, and seeds en-

closed in nylon tubing have been used in interstitial therapy and in 

wounds after surgery for a malignant condition. 99 Spheres of co60 , 

gold-plated to prevent dusting, may be placed .in hollow organs such 

100 as the uterus or bladder. Cobalt-60 may be incorporated in plastic. 

and molded to fit irregular'areas such as the oral cavity~lOl 

Vitamin B12 .1abeled with Co60 has been used in diagnosing perni ... }i.·· 

. . ,102 d 1 1" I' t 103 'ClOUS anemla an oca lZlng. lver umors. 

Other:.'Cobalt.Isotopes. co56 (77.3 d, 0.44-and·l.46~Mev /3,0.85-

1.75-Mev 7); Co57 (270 d, no /3, 0.014- and 0.12-Mev y); co58 (71 d, 

0.48-Mev /3, 0.81-Mev 7). Various other cobalt isotopes have been usedl 

to label vitamin B120 Cobalt-57 is reportedl04 to give the·lowest 

irradiation of a patient. Labeled vitamin Bl2 (Co57) has been sho~ 

to concentrate in the parathyroid in dogsl05 and is therefore poten-

tially useful in parathyroid conditions. 

Cesium 

C's137 (30 y, 0051- and. 1 ~ 18-Mev /3, O. 662-Mev 2' from daughter Ba137) •. 

This isotope, which is recovere~as a by-product from the processing of 

nuclear reactor fuel, is a .relatively new isotope, but many Csl37 tele-

therapy units are in use (Table III-2). The long half-life 'and low 

cost .of the activity are the principal advantages overCo60 .. Typical 
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units ,have been described els~where.lc,93a,106 (See also book review 

section of this issue.) 

.Iridium 

Ir192 (74 d, 0.67-Mevf3, 0.30- too.47-Mev Y's). Radioiridium 

teletherapy is an ,old ,idea~107 A newlOO-curie Ir192 irradiation unit 

o h 1 38 lb 10 0' 0 gh 0 28 lb 0 1 01 bl 108 welg s 'on y . ; a. -curle source wel lng. lS a so aval a e. 

A unit with interchangeable ends 'of different sizes and shapes, for 

interorificial therapy, has been described recently.l09 

The half-life of Ir192 is about 5% that of c060 , and its less 

penetrating g~a rays allow greater ,local absorption and necessitate 

less protection for hospital personnel. ,Internally, it has been used 

110 as seeds embedded in nylon ribbon or as needles. Experimentally, 

an Ir192_labeled resin suspension has been used ,with external counting 

o • III for determining gastricemptYlng rates. 

Arsenic arid Copper 

74 64 As and Cu (11.4 d'and 12.8 hr, respectively; positron emitters). 

Th 0 t ha b d f 1 1 0 

0 b 0' t 112 ese lSO opes ve een use or' oca lZlng raln umors. 

76 '72 As (26.5 hr) and As (26 hr). Arsenic-76 has been used for 

brain tumor localization, as has As72, which yields nearly three times 

°t dO 0 t to 113 A 74 as many POSl rons per average lSln egra lon as s . 

Gallium 

Ga72 (14.3 hr, 0.64-andO.96~Mev f3's, 0.63- to 2.20-Mevy's). 

Gallium-72 has been used to localize malignant bone tumors by external 

measurements, but the short half-life results in a concentration of 

this chemically toxic 'material which may perhaps be higher than is 

warranted by the radiation delivered ~ 114 
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.Ga
68 

(68 min, 1.9-Mev ~, l.l-Mev y). Gallium~68 has been suggested 

for such applications as brain tumor' localization by annihiscopy. A 

s.ource from which Ga 68 can be easily and rapidly obtained has been de

° d 115 slgne . 

Palladium 

Pdl09 (13.5 hr, .1.03-Mev ~) andPdl03 (17 d). A mixture of these 

two isotopes has been used for interstitial irradiation. 116 

Tantalum 

Ta182 (115 d, 0.36- to 0.5l-Mev ~.t:s,1.12- and 1.22 Mev yts). 

Tantalum-182 wires have been used as tissue implants in control of 

malignant conditions. 117 

Ruthenium-Rhodium 

I t t o beta' dO to °th 0..;106 Rhl06 h b t· d 118 n ragas rlClrra la lon Wl .nLl. - as • een rle . 

Lutetium 

Lu177 (175 d;.also 6.8 d, 0.50-Mev ~, 0.18- and O.38-Mev y). 

Lutetium-177 has been suggested for infiltration to lymph nodes involved 

t d o .119 in malignan lsease. 

Sulfur-

S35 (87 d, 0.167-Mev ~, no y). Sulfur-35 has been used fo~ deter-

,mining extracellular water and as a therapeutic .. agent, in chondrosarcoma 

,and mycosis fungoides~l20 Labeling of Congo 'red dye with S35 decreases 

the amount of dye needed for diagnosis of amyloidosis, eliminating the 

side effects that 'occur in some patients.12l Methionine ,labeled with 

S35 has been suggested for use in detecting pancreas tumors. 122 

Sodium 

Na22 (2.6 y, 0.54-Mev ~, 1.3-Mev y) and Na24 (15 hr, 1.4-Mev ~, 
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2. 7-and ,1.4-Mev l' s). These 'isotopes have .been used for measuring-

extracellular water, sodium .space"and exchangeable sodium; for deter

'mining when skin grafts 'are complete; and for cancer therapy~ 1,123 Be

cause of its shorter half-life, Na24 has :advantages for some uses .. 

Potassium 

42 43 K: .(12.4 hr,3.6-Mev f3,1.5-Mev" l). and K (22 hr, 0.3-andO.27-

Mev f3's,0.37- to 0. 62-Mev lis). These isotopes have been used to 

,localize brain and .breast tumors, measure ,exchangeable potassium, and 

. ll~ studypotasslum uptake by red blood cells.' Less shielding is re-

quired with K43 because of its'lowerenergy gamma radiation. 

,Rubidium' 

,Rb86 (19 d,1.78-andO.72-Mev(3's, l.l-Mev y). Since -rubidium 

acts similarly t.o,pota.ssium·and has a.more convenient half-life than 

K42,_ it has been suggested for use ·in determining exchangeable potas-

_ r 1'24c 86 Slum. However,' it must be remembered that Rbis', not a potassium 

·isotope. Myocardial scanning tests have been made with Rb86 in:dogs •125 

Bromine and Chlorine 

82 - . 
·Br (35.7 hr, ,0.44-Mev (3, 0 .. 55- to Oo78-Mev l'S). Bromine-"82 

r'at'ios in -blood and s'pinal fluid have been used to differentiate be

tween tuberculous and nontuberculous ineriingitis:126 For-determining 

extracellularfluid,127 it has :advantages over the 37-minC138 or .the 

3 x T05_y'CI36 (ref. la, p. 233). 

Solutions of Br82, ;enclosed 'in a ,rubber balloon, were used in 

early workl ,123e for treating carcinoma'of the bladder .. 

Silver 

'Ill -
,Ag (7.5 .d, .l.05-and O.69-Mev(3ts,0.34-Mev 7). Colloidal 
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III l~ Ag was one of the early radioactive colloids used~ . Silver-Ill, 

inSectedinto the bloodst:beam'asa protein-silver complex, is removed 

.less rapidly by a cirrhotic' Ii verthan by a normal one ~ 129 

Zinc 

.Zn63 (38 min"l.38- to ,2.34-Mev (3's, 0.67- ,and 0.96-Mev Z's). 

Z'lnc-63 was used in early work for control of malignanteffusions~l 

Its use in studying zinc metabolism was reported recently.130 
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One of the biggest and most important,uses.of radioisotopes has been 

in the field of scientific research and development.. Most. of the' tech.-

niques used in research·withradioactiye isotopes weredev'elopedprior 

to 'World War II;1,2 these methods used naturally radioactive or'cyclotron-

produced radioisotopes~ and counting equipment was scarce and not very 

sensitive.. But, since the availability of' reactor-produced isotopes, 

starting in 1946,3 and of much better counting equipment as a result of 

the developments of Manhattan District.research,:these techniques and 

tools are now available to almost all research organizations. Theresult 

has been an "explosion" of publications describing instances in which 

radioisotopes have helped to solve problems that would be much more 

·difficult or perhaps impossible. with traditional methods .. 

Sir John Cockcroft'in his opening remarks at the Paris Conference 

on Radioisotopes in Scientific Research in 1957 said: 

HIt is not often that a single tool or·techni~ue is the uniting 

factor to bring together scientists and specialists in such 

different fields as are here representedtodayo .Radioisotopes 

have achieved this because they have unique properties as research 

tools and are applicab·le· to every branch of experimental science o· 

This usefulness of isotopes.in all branches of' science has resulted 

in a series of meetings in which many scientific disciplines have been 

represented .. In 1951, the first international conference on the subject 

of radioisotopes in scientific research and developmeny was held at 

Oxford, Englando 4 Other conferences were held at Oxford in 1954,5 in 

Paris in 1957,6 in Copenhagen in 1960,7 and in Mexico City in 19610 

Many papers were also presented at·the two Geneva Conferences on Peaceful 

Uses of Atomic.Energy in 19558 and.19580 9 The increasing interest. in 
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.this subject.is shown by the number of papers presented.at the four 

isotope conferences: 

Biology & Physic~l 

Medicine Sciences Total 

Oxford 1951 67 31 

Oxford 1954 46 24 70 

:Paris 1957 III 118 .229 

* 145 Copenhagen 1960 
. Mexico City 1961 61 206 

* Because of the number of papers, the meeting was split. 

At the two Oxford conferences, the primary emphasis was. on the 

development and refinement.of techniques; but.at Paris,.Copenhagen, and 

Mexico City, most of the papers reported on' the use of already. developed 

techniques to;explore a wide variety of subjectso The proceedings of 

these conferences provide an effective introduction to the use.of radio~ 

isotopesin.manyfields of research and.givea good survey of the large 

variety of available techniques using radioisotopes. A few selected. 

uses of radioisotopes reported at.these conferences are summarized below: 

. Physics: The first unequivocal. proof of noninvariance of parity 

operation and charge conjugation in weak interactions was obtaine~ from 

the asymmetric beta-ray. angular distribution from.polarized c060 nuclei. 

(Paris, Vol~ I, 737) 

Botany: Up to· 50% of the material assimilat'ed by a plant. leaf in 

the form of sugars labeled with C14 was.shown to be'directed from the 

leaves to the roots, where they are converted to organic acids and.later 

to amino acidso (Paris, Yolo IV, 494) 
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Biology and Agriculture: The mammary gland of the cow,was shown to 

use butyrate (sodium butyrate labeled with C
14

) for fat synthesis. Some 

of the butyrate, however, is also incorporated into glycerol, lactose, 

phospholipids, and milk casein. (Paris, Vol. III, 155) 

Biochemistry: It was shown ,that tetanus toxin in the rabbit is 

carried to the brain by the spinal cord rather than 'by the blood stream. 

,'The tetanus toxin was labeled with I131_marked rabbit, serum protein. 

(Oxford 1951, Vol. I, 219) 

Inorganic Chemistry: The' ability, of an alkali fluoride to catalyze: 

the oxidation of a fluorocarbon was measured by the exchangeability, of 

18 
F between the alkali fluoride ,and a"fluorocarbon. (Geneva 1958, 

Vol. 20, 132) 

Analytical Chemistry: The amount of silver in a developed photo-

graphic image was determined by reacting it with and counting the 

film (Oxford 1951, Vol. II, 105). Silver in a film has also been deter-

. d b t· ·th C 51 S 75 Hg203 , or AgIIO and countl·ng. mlne y reac lon Wl r e , , (Paris, 

Vol .. II, 284) 

Organic Chemistry: It was proved that the iodide in methyl iodide 

and molecular iodine ( I
l

3l
) exchange at room temperature (Oxford 1954, 

Vol. II, 33) 

Physical Chemistry: The solubility of strontiUm sulfate (labeled 

with S35) was shown to depend on the particle size. (Copenhagen, Vol. 

III, 531) 

Physiology: By using blood cells labelt;;d with' both p32 and Cr51, 

direct ,evidence was obtained in favor of the theory that in shock an 

appreciable fraction of the blood in the body ceases to circulate. 

(Oxford 1954, Vol. I, ) 
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Metallurgy: The optimum method for the purification of aluminum ~y 

zone melting was determined with radioactive tracers and activation 

. analysis. (Oxford 1954, Vol .. II, -75) 

Astronomy: Results of an analysis of a recently fallen meteorite 

for'35-day Ar37 and 325-year Ar39 showed that the cosmic ray, flux is the 

same in the ~steriod belt as it,is in the 'earth's orbit. (Copenhagen, 

Vol. I, 3) 

Archaeol05¥: The gold and copper contents of 500 Greek silver coins 

from the fifth century B.C. were determined by activ'ationanalysis. From 

the results, the source of the silver was found; and from the amount of 

copper debasement, the economic health of the city issuing the coin 

could be judged. (Copenhagen, Vol. II, 261) 

Meteorology: The water balance for the,Mississippi basin was 

measured using 'tritium put into the atmosphereduring'bomq,tests. It 

wa's concluded from this balance that the average residence time of water 

in the Upper Mississippi Valley is 15 years. (Paris,.Vol. II; 634) 

Geology: The age of the most ancient rocks of the Baltic shield of 

the Kola Peninsula in Russia was shown to be 2.5 x 109 years by means of 

40 the K ,-Ar method for age determination. (Paris,' Vol. II, 550) 

It is obviously. impossible in a publication such as this to review 

all uses of radiOisotopes in scientific research. In the sections, which 

follow, some of the major fields in which radiOisotopes are used be 

reviewed and a few selected uses in other fields indicated. In this 

issue the major fields reviewed are physics, biology and agriculture, 

inorganic and analytical chemistry, organic chemistry,'and geophysics. 

In futureiss~es, other research fields will be reviewed. 
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. PHYSICS 

The relation between isotope technology and physics research. has 

always been very close •. The properties of enriched stable isotopes and 

radioisotopes that are p~pared as part of the isotope program are investi-

gated by physicists to furth~r their fundamental understanding of the· 

properties of matter, and new isotopes and better methods for the pro-

duction of already known isotopes frequently. result from these physical 

studies. 

Isotopes now provide the physicist with much broader fields for 

study than they. did prevtously; rather· than 92 element s and about 280 

stable or naturally occuring . radioactive isotopes;· they have. close to 

2,000 individual nuclides to be studied •. The growth in. the number of 

new· isotopes is best. demonstrated by the increasing: size of the "Table 

of Isotopes, " (the so-called "SeaborgTable") ··which has been published at 

intervals by the Reviews of ModernPhysics. 10 . In 1940,this table.was.1T 

pages; in 1944, it had grown to 32 pages; by 1948, it was 82 pages; and 

in 1953, 182 pages. The latest edition, in 1958, was 320 pages. 

Several groups already collect and distribute data on nuclear 

properties; we do not intend to duplicate their work. Since data such 

as half-life, type of decay, and decay energy are necessary in isotope 

work, however, we review briefly the available data compilations and 

publications in this issue, and in future issues will note new tabulations 

as they are published. 

Data Tabulations 

One of the most valuable sources of information on the location of 
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nucle~r data .is A .Directory to Nuclear Data Tabulations,ll by R. C • 
. ' 

Gibbs' and K. Way. This directory, which was· issued. in January 1958, 

includ~d an annotated listing of about 200 tabulations 'of nuclear'data 

published up . to. November 1957. 
. . 12 

In the 1959 Nuclear Data Tables, this 

compilation was r¢vis~d and updated to December 1958.. Approximately 60 

new·tabulations were listed. It was updated to June 1961 in Part.4 of 

the 1960'NuclearData Tables13 with 80 new .. references • 

. The principal group in the United States devoted to gathering 

nuclear data is the Nuclear Data Project, supported by the U. S. Atomic 

Energy.Commissionunder·contract with·the National Academy of Sciences -

National Research Council in Washington. The work of this group originated 

at Clinton Laboratories14 in 1946 and was. later formally. organized under 
. . 

the National Bureau.of Standards. In 1953; sponsorship w~s taken'over 

by the NAS-NRC. The data compil~d by this group have been published in 

a number of reports through the years,15 and currently they are issuing 

data in loose-leaf form on 8-1/2 x 11 in. pages. 16 This new. form, 

started in 1958, now. supersedes almost all their earlier publications. 

The subscription rate for each year is $17 on paper, $20 on card stock, 

. and. the data now. issued .fill about eight . large three-ring or post binders. 

This group reports all dat'a no matter how. peculiar unless it· has clearly 

been superseded. It is their belief that unusual or odd values may some-

times be the clue to unsuspected anomalies. Since·only a single value 

of each property. can be. shown.on level schemes, the Nuclear Data Group 

selects a value which is often shown as· "adOpted values" in the data 

sheets.· In the appendix to the sh~ets, selected values for nuclear 

moments, relative isotopic abundances, and. thermal neutron cross sections 

are given .. 
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For workers in fields other than physics, who do not need such' 

complete data~, . this group. has published a summary of' "best n data on . 

radiOisotopes most frequently encountered. The data and.referenc~s 

on which these best values are based are given in the appendix. This 

boOk; Radiations from Radioactive Atoms.inFreQUentuse,17 covers the 

f 11 ' 1 t H:3 C14 N 22 N 24 p'32 ·S'·35 C136 K42 C 45 o oWlng . e emen s: , ,a,. ~ , . , . , , . ,a., 

C 51 F' 59 60 z 65 Rb86 S 90 ":y' 90 I13l 0. A 198 Th';s book r ,. ,e ." Co , n· , , r , ., an u . • .... 

was' intended:.especia11y for those in the biological and medical fields 

who a~e mainly concerned with the estimation.of dosage. The Nuclear 

Data Group also issues more specialized tables'which are published 

separately from the Nuclear Data Sheets. The" 1959 and 1960' Nuclear 

Data Tables15 are, such ,pUblications. 

A number of summaries of data are also available. in more convenient 

ready-reference form. 
. 18 . . 

The General Electric Company, the Harshaw Chemical 

Co~pany,19 and the Nuclear Research Center in Karlsruhe, Federal Republic 

20 . 
of Germany publish wall charts of the isotopes. These charts, which 

are quite similar in appearance, plot the atomic number of the nuclide 

against the neutron number (atomic mas,S minus atomic ,number)', as shown 

in Figure IV-.l. ,Each of them requires a wall space of about two feet 

by four· feet for mounting, and. the Harshaw and: Karlsruhe charts are in 

color. 

Another reference compilation intenq,ed for desk use is the. Trilinear 

Chart of Nuclides,21 by W. H Sullivan. This chart, rather than being 

made for mounting on the wall, is in a 10·x 12 in. loose-leaf'binding 

and accordian-folded. The entire chart when stretched out· is .about 17 

feet.long. Using'hexagonal shaped blocks, a$ $hown in Figure IV-2, the 
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KNOLLS. ATOMIC POWER LABORATORY 
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author plots atomic number against atomic weight, atomic number against 

neutron' number, and at omic weight against neutron number, with equal 

emphasis. Revisions are made periodically by pasting gummed stamps 

over a nuclide for which values have changed. 

The most up to date single-volume compilation of nuclear data is 

Energy Levels of 'Nuclei: A:;::' 5to A.:;:: 257,22 published in 1961 as the 
i 

first volume of the new Landolt-BBrnstein series. The book, which 

c6ntainsthr~e different.tables, cove~s the l~terature to about June 

1960. The first table is a .compilation of nuclear data on'elements of 

atomic weights' 5·to 20 by Ajzenberg ... Selove and Lauritsen. The second' 

table, by Way, Gove , McGinnis, and Nakasima,. covers' elements of atomic 

weight s 21 to The third, by J. Scheer, covers 'el~ments from·atomi.c 

weight .213 to. 251. Because members of the Nuclear" Data Grouppartici-

pat.ed in the preparation of this book it. can be; ' expected to contain 

good up-to-date data. 

Two other compilations cover nuclear data to about .1958.. A Russiari 

book,Decay Schemes O,f Radioactive Nuclei, by. Dzhelepoy and PekeI', has 

recently been. published in a translation by D.· L., Allan. An earlier 

edition of tpisbookwas translated by Atomic Energy of Canada, Ltd., 

Chalk River, in 1957. 24 Nuclear Tables, First'Part, NuclearProperties,25 

by, Kunz and Schintlmeister, whiGh l;tlso seem,s ·to have had its origin in 

Russia, covers data to about 1958. The introductory. material is given 

in German, Englisp., and Russian and the tables are in·German. The 

secorid part" Nuclear Reactions, has not yet been published. 

Two other tables, primarily, of historical interest, are by Mattauch;26 

and by GrEfgoire, . Joliot, ,and Curie. 27 The Mattauch tables' were published 
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in .1949 and include data to the end. of 1948. They are roughly equivalent 

10 in content to the "SeaborgTables" of that year •. This was the last of 

the Isotopic Reports issued periodically by the Kaiser~WilhelmInstitut 

filr Chemie since 1922.' The Joliot-Curie report.was issued in.1948 but 

only includes data through 1946. 

The United Kingdom Radiochemical Centre issued a collection of 

physical properties of isotopes as' Part. 1 of their' Radiochemical 

28 Manual in January 1962. -This 100-pag~ book contains the following 

tables: 

1. -Physical Characteristics and Availability of Important 

Isotopes 

2 •. Physical Data on Impurity: Isotopes 

.3,4, and 5. The Natural Radioactive Series 

6. Beta-Emitting Isotopes Grouped by Half-~ife and Radiation 

. Energy 

8 •. PQsitron-Emittipg.Isotopes 

9. Approximate Minimum . Detectable Activities 

It also includes sections on.Production of Isotopes,. Special Irradia-

tionsin.Reactors, Physical Characteristics of Radioactive Sources, 

and Standardized Radioactive Solutions. 

Neutron Cross-Sections 

One of the most important.nuclearproperties in atomic energy 

work is the neutron cross-section. Several groups ~ong the Atomic 

Energy Commission. contractors are actively. engaged in. coordinating and. 

collecting data on cross-eections. To correlate·such activities, the 

Commission .. has. set up the Neutron Cross Section Advisory Group. This 
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group is appointed on a yearly basis, makes a continuing review of the 

Commission!s program of nuclear cross-sectionmeasurements, evaluates 

the need for cross-£ection information in the various activities of the 

Commission, and suggests appropriate research projects. Informal progress 

reports,29 giving the status of neutron cross-£ection work at the various 

site$, are issued. 

The neutron cros&-section project at Brookhaven National Laboratory 

is divided into two parts: the Reactor Cross Section Evaluation Group 

which:publishesperiodic news letters30 slUlllllarizingnew cross-section 

data/and the Neutron Cross Section Compilation Group which·has published 

. 31 
a collection of neutron cross-section data. It is an aim of the com-

of this work to pick the best data where this is possible. This 

group also published a compilation on. Neutron Cross Section Angular 

Distributions32 in June 1956; a new edition is due before the end of 

1963. D. J. Hughes, who headed the Brookhaven project until his death 

in 1960, wrote:Neutron Cross Sections,33 which gives a brief explanation. 

of neutron theory, explains how the data in the neutron tabulation31 were 

obtained, and tells how to use it. 

The other group in the AEC working with cross-section data 

is under the direction of Ro J.Howerton at the Livermore site of the 

Lawrence Radiation.Laboratory of the University of California~ Their 

01 to 34 0 0 th· rt (1) t b 1 to f t compl a lon· lS ln ree pa s: . a a u a lon 0 neu ron cross-

sections from 0.001 to 14.5 Mev; (2) a list of "best values" from: Part ·1 

and a cross-section curve for each element; and (3) a tabulation of 

angular distributions of neutron cross-sections. The author has promised 

that there will be a companion volume to Part 3 in which "best data" are 

indicated. 



• 

• 

• 

BI010GYAND AGRICULTURE 

No other field of science has felt the impact of isotopes as 

strongly as biology_ Since isotopic tracer research techniqu.es are' 

very similar in biology and agriculture, this section also covers agri. 

cultural research. 

History 

The uses of isotopes in biology reflect the general history of the 

development of isotopic techniques progressing from naturally radioactive, 

to stable to artificially, radioactive isotopes. ,Hevesy. (This is the 

Nobel Prize Winner who his early papers G. von Hevesy and later 

G. de Hevesy. Now he seems to prefer only,Hevesy •• whose papers on 

radioactivity were recently published in Adventures in Radioisotope 

Research, pioneered many of these uses. (Seep. ) 

In 1923, Hevesy first used an isotope of lead (thorium-B) to study 

its distribution in the horse-bean (Vicia faba).3
6 

The following year, 

in cooperation with a dermatologist who was interested in the use of 

bismuth salts for the' treatment of syphilis, he studied the distribution 

of' hismuth (radium-E) 'in the rabbit. 37 

In 1934, after the discovery of deuterium by Urey, Hevesy received 

some water from him and used it to measure the mean lifetime of 

water in the human bOd~8 and the speed of exchange of water between 

the body of a goldfishan~ its environmento 39 

To complete the picture , in 1935 ,:shortly after the discovery of 

artificially radioactive' isotopes, Hevesy used p32 that' he', had made to 'I 

study the metabolism of phosphorus in rats. 40 
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Despite these early uses of isotopes in biology arid the power of 

the method, isotopes did not come into general use in biology until after 

World War II. There were two rea~ons for this slow growth. First, good 

tracers with long half-lives were not known for carbon and hydrogen, the 

two most important biologic?.l elements, until late i939 when Alvarez and 

Cornogdiscovered tritium,41 and early 1940 when Ruben and Karn.en42 

discovered C14,; second, isotopes were not generally available at, reasonable 

prices until production was $tarted in nuclear reactors in 1946. The 
, , 

increased use of isotopes in biology since the war is reflected in the 

number of papers using isotopes published in the Journal of Biological -, 

Chemistry~ In 1945, radiOisotopes were used by authors in 1% of the 

reports and stable isotopes in ,4%. By 1956, 39% of the papers reported 

the use of radiOisotopes and 7% used stable ones. 

In 1958 the Atomic Energy Commission publishedseveralbibliog~aphies 

covering the open literature from 1948 to 1957 on uses of isotopes in a 

number of different fields. A brief examination of 5 of these bibli-

ographies, summarized in Table IV-l) gives a good picture of the amoUnt' 

of literature on the use of .isotopes in biology and agriculture. 

Biochemistry Textbooks 

To'cover the uses of isotopes as tracers in biology and agriculture, 

even superficially, is too large a job to be undertaken in this review. 

Several good textbooks are available in this field; however, even the 

authors Of these books emphasize that they can do no more than provide 

a general introduction to a very large subject. 

Isotopic Tracers in Biology, 48 written by the co-discoverer of c~4, 

M. Do Kamen, was originally published, in 1947 o The 1957 revision of 
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Table IV-l NUMBER OF REFERENCES IN AECBIBLIOGRAPHIES 

ON USE OF ISOTOPES IN BIOLOGY 

Bi bliogra;phy 

Utilization of Radioisotopes in Physical and Biological 

Sciences, General TOpics43 

Isotope Techniques·~n Biological Sciences44 

Isotopes in-Biochemistry and Biosynthesis of Labeled 

Compounds 45 

R d · . t . A· 1 Ph .. ·1 46 a 101SO opes 1n n1ma . YS10 ogy 

Radioisotopes in Agriculture, Animal Husbandry, 

Bacteriology,FertilizerUptake, Plant Physiology, 

Photosynthesis,. and Entomology47 

TOTAL 

. Number of 

References -

.807 

2430 

2439 

1335 

,7503 
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this book included for the first time the use of stable as well' as radio-

active tracers. (The original title was Radioactive Tracers in Biology.) 

This 'book has a brief review of nuclear chemistrf and physics before 

discussing the general biochemical aspects oftracer:methodology. Kamen 

then describes three applications of tracers ,in intermediary metabolism: 

CO2 fixation in photosynthesis, biosynthesis 'of cholesterol, andbio~ 

synthesis of porphyrin. A survey of the physiological and medical 

aspects of tracers is then followed by chapters devoted to the biological 

uses of isotopes of specific elements:, hydrogen; carbon; oxygen, nitrQgen~ 

phosphoru~and sulfur; and trace elements. 

No review of books on the use of radioactive tracers in biology 

would he complete without a mention of Hevesy's book, .. Radioactive Indi-

. 49 
cators,' published in 1948. As mentioned above, Hevesy, originated many 

of the techniques using radioactive isotopes; therefore, he is especially 

wellfi tted to write this book, which is a survey of uses of radioactive 

indicators in the fields of animal physiology, ,pathology, and biochemistry. 

In the preface, Hevesy states that ,he was, ffcontempla,tine?;" a companion 

volUme on the use of tracers in plant physiology. This book has not yet 

appeared. Hevesy gave the probable' reason for this and for the fact that 

his book has never been revised in the preface when he said: 

"In view of the increasing use of tracer methods, it is very possible 

that ,not many surveys will appear in the future, but the results 

. obtained by means of radioactive indicators will be incorporated 

,into textbooks dealing ,with the over-all aspects of the specific 

topics concerned. At present, however, it seems justified to 

offer a collective ,presentation of the results~ 
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.Hevesy's forecBist .. that .the isotope literature would soon become too 

voluminous for· surveying in a single volume was accurate, and all of the 

later texts on the use of tracers in biology and agriculture have made 

no attempt.to achieve complete coverage. They have· given only selected 

examples~ 

Radioactive Isotopes in Biochemistrl,50 byE. Broda· of the uni~ersity· 

of Vienna, was originally written in Germanin 1958 but was translated 

. into : English in 1960. This book starts with a review. of the principles· 

of work·with radioactive substances and of radiochemistry. Slightly 

over half of the book, however, describes methods for the use of isotopes 

in intermediary metabolism. The following items are discussed: phospho-

l"ylation .and photosynthesis, carbohydrates, fat s, proteins, nucleic acids, 

and special topics such as immunological problems and biosynthesis of heme, 

cholesterol, and lignin. 

Three other books concerned with the use Of radioisotopes in biology 

and agriculture are briefly described in Section VI, Education with Radio

isotopes: Radioisotopes in Biology and Agriculture, 51 Isotopic Tracers,52 

. and Techniques of Radiobiochemistry.53 Of these, RadiOisotopes in Biolo~:y 

and AgriCulture deserves special mention since it is the only one that 

is devoted primarily to agricultural research. Comar's51 chapters on. 

techniquesfor·handiing isotopic tracer experiments with animals 'and 

plant s . is particularly valuable. 

Specialized Books of Biological Importance 

Often in biological work aut oradi ographic techniques are used to 

find where a particular element has been deposited. Yagoda, in·Radio

active Measurements with Nuclear Emulsions, 54 describes this·method 
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with both biological and physical applications. Boyd's book Autoradio

graphyin Biology and Medicine,.55 intended for the biologist ,or medical 

doctor, .is written with the assumption that the reader knows nothing. 

about·the subject. 

Now. that tritium is readily available, it has'becomemore arid more 

important. in biological work. The proceedings. of a'symposiumheld in 

Vienna by the International Atomic Energy Agency in May 1961, Tritium ' 

. in the . Physical . and BioloSiical Sciences, 56 gives a good summary of the . 

current status of work using this isotope 0 The first. volume of. the 

proceedings discusses the physics and chemistryo{'tritium,.and·the 

second volume covers biological applications: 

TRITIUM IN THE'PHYSICAL AND' BIOLOGICAL SCIE].'fCES 

VOLUME II BIOLOGY 

. Preparation of Tritiated Compounds 

'General Aspects of Tritium in Biological Studies 

Synthesis of Tritiated Biological Compounds 

Radiation Effects of Tritium 

Distribution and Metabolism of Tritiated Thymidine and Related 

Compounds in Studying Cell Metabolism 

Use of Tritiated T):lymidine and Related. Compounds in Radiobiology 

Use.of Other ~ritiated Compounds.forMetabolic Studies' 

Advances in' Tracer MethodOlogy,57 isa collectio:U 

of papers presented.at an Annual Symposium on Tracer Methodology sponsored 

by New England Nuclear Corporation and other industrial organizations. 

This book contains the proceedings of the fifth symposium held in 1961, 

and sfdectedpapersfrom earlier meetings. The major emphasis is' bio,-·· 
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logical uses of tritium, although several other subjects ,are discussed 
8 ' 

briefly. It has 'several, gOQd papers on the Wilzbach5 method of triti~ 

,labeling (exposure· of the organic or' biological compound to tritium gas). 

, Photosynthesis' 

Probably; the most ,spectacular success of isotopes in biology and 

agriculture is the help they have.given in solving the problem of the 

chemical mechanisms of photos~thesis (Figure IV-3). Calvin and Bassham 

have written two books, The Path of Carbon inPhotosynthesis59 and The' 

,.Photosyrlthesis 'of Carbon compounds,60 which describe the problems which 

were encountered in studying photosynthesis before the introduction of 

isotopes and the success that has been achieved with them. The story 

. is summarized in the following quotations from their Introduction and 

Prologue: 

N . The separat~on and identification of metabolites as intermediate 

compounds in photosynthetic carbon reduction proved ,to be an almost· 

impossible task, despite the efforts of many able investigators,. a.s 

long as only classical methods of analysis were' available. However, 

,in 1939, Rubin, Hassid, and Kamen reported a method of using.the 

tracer-element technique in following the mechanism of carbon 

aSSimilationo59~ 

The technique of Rubin, Hassid, and Kamen,6l mentioned in this . 

quotation, used ell, .which was a great advance ,over classical methods; 

but the extr.emely short half~life of ell, (t l / 2 = 20.5 min) still left 

much to be desired. The story continues: 

PFortunately, the discovery of the long·lived isotopic carbons 

(carbon-l4) by Samuel Rubin and Mart'in Kamen inl940provided the 

ideal tool for tracing these synthetic routes • 
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Figure IV-3 
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In 1945, carbon-14, radiocarbon, became available in large amounts 

as a product .' from nuclear reactors • With the encouragement and 

support of Professor Ernest O. Lawrence, the Director of the 

. Radiation .Laboratory·in Berkeley, Professor Calvin ·began to study 

_ the pathway of carbon reduction during photosynthesis using carbon-

14 as his principal tool. 

qThis year (1961) Professor Calvin was awarded the Nobel Prize for 

his work on the assimilation of 'carbon .dioxideduringphotosyn-· 

th 
. \\60 

'. esl.s. 

This gives some· idea of the importance of 614 in the study of photo-

synthesis; however, it. is beyond our scope to d±scuss details of this 

work. Another interesting commentary on the impact. that. isotopes have 

had on.the study of photosynthesis :Ls given by Rabinowitchin the intro
.. 62 

duction to the last volume of Photosynthesis and Related Processes: 

fI This volume brings to completion the review of -Photosynthesis and 

Related Phenomena which the author rashly undertook to prepare for 

his own orientation in.the summer of 1938 • •••••• Seventeen years 

and 2,000 printed pages later it ·is time to stop--even if this 

closure has come in the midst of rapid and promising developments 

in several areas·covered in the narrative. 

"A mistake, which proved almost fatal to. the completion of the task, 

.was to postpone the publication of the whole manuscript, in ,1943 

when it was first finished in draft. form, . at a time when war had . 

imposed a.hiatus upon the progress of non-applied research. Instead 

only half of the manuscript was prepared for publication at that· 

time (and actually published, as Vol. I in 1945);' while the second. 

half was set aside for final revision after the war. When in 1946, 

the author'returned.from the Manhattan District,to.the Solar Energy 

. Project at ,Massachusetts Institute of Technology, the rapidity. with 

whi;ch new research data began to. accumulate made it. difficult, to 
\' digest and fit into the framework of the monograph. 
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The rapid growth in work on photosynthesis was, of course, principally 

due to the tremendous impetus given to it by radioisotopes. 

Metabolism Studies 

The study of the course and fate of various elements in the metabolism 

of plants and animals is another important ·use of isotopes in biology and 

agricultllre (Figure Iv ... 4)o 
.' 

The growth of papers in this field has been 

at least as explosive as that in photosynthesis. Because complete coverage 

of this large amount of work would require all of 6~available space, we 

will only note some of the books on metabolism which contain much work 

using isotopes. 

A very dramatic example of how the literature in this field has 

grown is in the study of mineral metabolism.inhumans. In 1939, Shohl's 

book on this·subject,.Mineral Metabolism,63 was almost4qo pages long. 

Publication of a new 2-volume, 4-part, book on Mineral Metabolism,64 which 

was intended to have the same scope and coverage'as Shohl's book, :Oegan 

in 1960 and the last 2 parts have just.been released. These 4 parts are 

now over 1600 pages. 

In biology and agriculture, two .of the most important elements in 

plant and animal metabolism are nitrogen andphospho~s. The metabolism 

or each of these elements has 'been covered in at least two books. In a 

sYmposium at The Johns Hopkins University in 1955, the function of· metallo-

flavoproteins in inorganic nitrogen metabolism was discussed, and these 

65 papers have been . published. Another book .publiShed recently, that covers 

nitrogen metabolism in Plants
66 

has .8t' bibliography of 215 pages. This 

gives some idea of the amount of work being.done·in this field. 
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Figure IV-4 
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Symposia were held at The Johns Hopkins University in both 1951 

and 1952 on the role of phosphorus in the metabolism of plants. and animals. 

The proceedings of these symposia were 'published itltWQ.volumes. 67 

The metabolism. of at least .. three. other elements has also been covered 

in monographs. The relationship of animals, plants, and'the soil in 

t b 1 · d" d t . .68 .. . t b 1" copper me a 0 1sm was 1scusse. a a Symp.oS1um. . on copper me a 01sm' 

held at. Johns Hopkins in 1950. . Because of . the short half-life of Cu 64 , 

(tl/2'~ 12.8·hr), isotopes were not used. extensively in the studies 

reported; however, a gOOd. paper describing isotopic ,methods for' elements 

having relatively short. half-lives was given. In· The Metabolism of Sulfur 

.. 69 
Compounds, published in 1958, the authors note ,that of the 800'refer~ 

ences cited, over half of themwere·published. after 1950. A book on 

calcium metabolism70 was publislled in 1957 • The International Atoml<:; 
·4 ", . 

Energy Agency sponsored a conference on medical ,uses of Ca 7 in December 

1961. Although the title·is "medical "Q.ses," several good reports on 

calcium metabolism in humans and on techniques for use of this new 

. t' "71 . lSO ope were ·g1ven. 

New'Work 

It was noted earlier that there was a large increase in isotopic 

work in biology when long-lived. isotopes of carbon and hydrogen 'were 

discovered. Unfortunately, there is still no good long-lived radio~ 

active 'isotope of oxygen. As a rule, when an oxygen tracer is needed, 

the stable isotope.018 is used. Workers at Washington University, 72 ,13 

St. Louis, Mo., have 'recentlY'been producing 015 (tl / 2 = 2-1/4 min.) by 

the deuteron bombardment·of nitrogen in the air by a cyclotron. The 015 
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thus' produced by ther4(d,n)015 reaction is immedlatelypurifiedand the 

experimental animal breathes it. With the experimental set-up shown in 

Figure IV-5, it is pos'sible to use 015 to study the physiology of oxygen 

in the body. Studies with humans have shown that it is also feasible.to 

use this method as a diagnostic technique in clinical medicine. 

Recently radioisotopes have been used to study the movement of ~n 

element in the dif~erent.parts of an ecological system. These studies 

have now become so extensive ,that· the word "radioecology'.' has been 'coined 

to describe ·them .. ·An examp+e of·this type of study is an experiment done 

74 134 at Oak Ridge National Daboratory.· Two-millicurie portions of Cs 

were put in the trunks Of' several white oak trees. Fi~reIV-6 shows 

where. the activity was found 165 days later. Potassium-42 was also 

injected in s.orne of the trees) and tp.e differences in' behavior' between 

Cs134 andK42 ~ere fOund.' 

One of the most exciting new.uses of radioisotopes in biology is 

the experiment .-- hopefully named wGull iver" -- designed to. try to .show 
.. 6 

whether or not there.is life on.Mars. 75,7 ·This experiment is· based on 

the assumption that .if 'there is life as we know it on Mars,.therewil:i. 

certainly be microorganisms presentln the soil. Following landing on 

Mars, the apparatus designed to shoot two 25-'ft strings .coated.with 

a sticky silicone grease out into the soil and then pull them back in. 

A culture medium containing sodiUm. formate-C14 an(i glUcose-c14 (uniform 

.label) will then be put over the string. If there is life present, the 

radioactive ·carOondioxide which will be given off can be determined .by 
. , '14 

a counter (placed so that the C in the culture ,medium does not affect 

.it)· and the data telemetered back to earth. The current version of this 
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Diagram shows the m.ethod72 devised for the utilization of 015 in studies on the 

physiology of oxygen in the body_ The radioisotope'has a half-life of only 2~1/4 

minutes and must be used immedlatelyafter production. The radioactive oxygen is, 

produced by bombarding air with a deuteron beam from the cyclotron, then passed 

through filters that remove oxygen compounds other than molecular oxygen before 

being administered to test animals ,by means of a trachial tube. 

From: Atomic Energy Research 1961, A special Report of the United States Atomic 

Energy ~ommission, December 1961 (p. 10). 
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The rapid ecological movement of cesium 134 is illustrated in the above drawing) 

of a white oak tree whose trUnk was ,tagged with two millicuries of the radioisotope. 

Within 165 day~, the tracer had become redistributed in different parts of the ec~lo

gical system and was again entering the tree, this ,time through the 'root system. 

From: Atomic Energy Research 1961, A Special Report' of the United States Atomic 

EnergyConunission, December 1961 (p. 115). This drawing is also,'available 

as ORNL-LR-DWG-68158 • 
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1 ... 1/3 lb. instrument has been tested successfully in Rock Creek-Park in 
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;RADIOCHEMISTRY 

Radioisotopes have been used for a wide variety of applications in 

inorganic and analytical chemistry research. Since there is a large 

area of overlap in these fields, it is difficult to divide the literature 

into two arbitrary parts •. Rather than make this split, we will combine 

the discussion of literature common to the two fields and then present 

short sections on each subject separately. 

Radiochemistry has been defined by Paneth 77 as "the chemi stry of 

bodies detected through their nuclear radiation," and Broda78 has divided 

the field into fundamental and applied radiochemistry. In fundamental 

radiochemistry, the radioelement.isthe object of the research;. in applied 

radiochemistry the radioisotope is used as a tool. Inorganic research 

falls in the category of fundamental radiochemistry because .the goal is 

to learn about the preparation and pro}erties of an.isotope; on the other 

hand, analytical chemistry is applied radiochemistry since the isotope is 

a tool. The general techniques are the same, but .the goals are differento 

The literature of radiochemistry was reasonably uncomplicated and 

easy to follow until shortly after the discovery of artificial radio-

activity in 1933 by Me and Mme. Curie-Joliot •. For many years, two books 

by Paneth 77 and Hahn 79 published as the result of their Baker Non-Resident 

Lectureships at Cornell University were the standard references. In these 

books, published. in 1928 and 1936 respectively, only naturally. radioactive 

isotopes were discussed although Hahn, in a.postscript to his introduction, 

noted that the discovery of artificial radioactivity "will without doubt 

lead. in the. future to an extraordinary broadening of the field .of Applied 

Radiochemistry." Hevesy and Paneth in the second edition of A Manual of 
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Radioactivity80 covered both artificial and natural' isotopes; however, 

the largest part of this book was devoted to,the physics of, isotopes and 

radioactivitY,rather than to radiochemistry. Broda78 in ,Advances in 

Radiochemistry covered, the literature of radiochemistry up to December 

1949- This book, written in the early post-war period, was among the 

first to consider the impact of the nuclear reactor and other wartime 

developments on radiochemistry. 

Bi bli ography 

The Subcommittee on Radiochemistry Of theNAS-N~C has published an 

,excellentbipliography, Source Material for.Radiochemistry_ 81 W to w. 

Meinke, the subcommittee chairman, describes the reason for this bibliog-

raphy and the method used to compile it in the foreword: 

"The field of radiochemistry, has no journal or other publication 

outlet to call its own. Some abbreviated material is published 

in analytical or nuclear journals, but seldom ,is a detailed radio

chemical separation procedure or an elaborate counting technique 

given full :playin the regular literature_ ,Often.different groups 

record their procedures in docwnent·s which are circulated within 

the framework of the Atomic Energy Commission. Most of these 

documents are also ,available' for sale but . many times the Ifout-

,sider" is not aware of the report or of its availability_ 

This compilation then is an attempt to list current source material 

of interest. to the radiochemist. It has been compiled from.lists 

submitted by each member of the Subcommittee on Radiochemistry. 

Emphasis has been placed. on documents and reports of a review 

. nature which have proven useful to members of this Subcommittee. 

No attempt has been made to include standard analytical reference 

works which, of course, are indispensible in planning new procedures,," 
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·Each of the entries in .. this bibliography 'is evaluated as to its 

potential usefulness in radiochemical work. It is· divided into the 

following major sections: 

Books on.radiochemistry, nuclear chemistry, and nuclear physics 

~extbooks 'and reference works 

Textbooks and instruction manuals with emphasis on techniques 

General compilations of references.pertinent to radiochemistry 

Collections of radiochemical procedures 

General 

Monograph series on the radiochemistry of the elements 

:Ion exchange and solvent extraction 

.. Acti vation analysis 

Nuclear geochemistry, oceanography, geochronology' 

Counting techniques 

·Nuclear data compilations 

Where and how to obtain radioactive isotopes 

Laboratory design and safety 

Since in our opinion this a reasonably complete and up-tO-date 

compilation, only a few references from.it are used in this review. 

Many good references .on radiochemistry can also be found. in ._---
Sources of Information on Isotopes, 82 which is prepared and distributed 

by the Division of Isotopes Development, U •. S. Atomic Energy Commission. 

Radiochemistry of the Element s 

As Meinke noted above, radiochemical separation procedures are 

widely scattered and sometimes written in abbreviated form. Some AEC 
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installations' have compiled their procedures and issued them in the 

form of reports. 83 

The best compilation of radiochemical procedures now available is 

the monograph series on radiochemistry of the elements, being prepared 

under the sponsorship of the Subcommittee on Radiochemistry of the 

National Research Council and printed by the U. S. Atomic Energy Com-

mission~ . Each of these one .... volume monographs collects the information 

needed for radiochemical work with an individual element.or a group of 

closely related elements 0 All the'elements except hydrogen, helium, 

lithium, .and boron will be covered in 60 monographs when this series. 

- is complete. There are four volumes.still tobe issued. Table IV-2 

is-a cross-referenced table of contents.forthe series, which may be 

obtained from.the Office of Technical Services for the prices shown in 

thE,! table. 

Radiochemical Techniques 

In general, radiochemical separation techniques are those which 

have been used for analytical separations for'many years. It is note-

worthy, therefore, that the analytical chemist by using radioisotopes 

has been able to strengthen and re-establish many old separation tech-

niques •. For example; the traditional solvent .extraction and ion-exchange 

techniques did not become powerful analytical tools until tracer tech-

niqueshadbeen used on the Manhattan Project to develop them for the 

separation .of uranium, plutonium, and fission productso 

The close similarity between inorganic radiochemical and analytical 

chemical techniques was noted by Finston and·Miskel in an article-in 

. Annual Reviews of .Nuclear Science
84 

for 1955: 
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Table IV-2 NATIONAL ACADEMY OF SCIENCE - NUCLEAR 'SCIENCE 

SERIES ON RADIOCHEMISTRY OF THE' EL:EMENTS 

NAS- Other 

Element Symbol NS, No. ,Elements Authors 

Actinium Ac ,3020 HE, Sc, ' Po C. Stevenson 
Y w. E. Nervik 

Aluminum Al 3032 Ga ,J. Eo Lewis 

Americium Am 3006 em Ro ,Ao Penneman 
To , K. Keenan 

Antimony Sb ,3033 w. Maeck 

Argon Ar '3025 'Ne, Kr, F. F. Momyer 
Xe, Rn 

Arsenic As 3002 'H. C. Beard 

Astatine At 3012 E. H. Appleman 

Barium Ba 3010 Ca, ' Sr D. N. Sunderman 
C. w. Townley 

:Berke1ium ' Bk 3031 Trans- G. H. Higgins 
curium 

Beryllium Be 3013 A. w. Fairhall 

Bismuth Bi w. Gibson 

Boron, No radiochemistry 

Bromine Br 3005 F, Cl, J. Kleinberg 
'I G. A. Cowan 

Cadmium Cd 3001 J. R. DeVoe 

Calcium Ca 3010 Ba, ,Sr D. N. Sund-erman 
C. Wo Townley 

Californium Cf 3031 Trans- G. H,o Higgins 
curium 

Carbon C 3019 N, 0 J. Hudis 

Cerium Ce 3020 HE" Sc, ' P. C. Stevenson 
Y, Ac W. Eo Nervik 

Cesium Cs 3035 H. L. Finston 
M. T. Kinsley 

Chlorine Cl 3005 F, Br, ,J. ' Kleinberg 
I ' G. A. Cowan 

Chromium Cr 3007 J. Pijck 

Price,$ 

3.00 

0·50 

0.75 

0·50 

o. 

0·50 

0·50 

1.25 

0·50 

0.75 

0·50 

0.75 

1.25 

,0.50 

0·50 

3.00 

0.75 

0·50 

0·50 
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NAS- Other 
Element Symbol .NS z No. Elements Authors Pricez~ 

Cobalt '. Co 3041 L. c. Bate 1.00 
G. w. . Leddicotte 

Copper Cu '3027 F. . F. Dyer 0.75 
G. w. Leddicotte 

Curium em 3006 Am R. A •. Penneman 0.75 
T. K. Ke:enan. 

Dysprosi"llPl . Dy 3020 HE, Sc, P. C • Stevenson 3·00 
Y, Ac w. E. Nervik 

Einsteinium Es 3031 Trans- G. H. Higgins .0·50 
curium 

. Erbium Er ·3020 HE, Sc, P. C. Stevenson 3·00 
Y, Ac w. E. Nervik· 

Fennium Fm 3031 Trans"!'" G. H. Higgins .0·50 
curium 

Fluorine' F' 3005 Cl, Br, J. Kleinberg . 0·50 
I ' G. A. Cowan 

Francium Fr '3003 E. K. Hyde 0·50 • 'Gadolinium Gd 3020 BE, Sc, P. C .. Stevenson 3·00 
'Y, Ac w. , E. Nervik 

Gallium Ga ·3032 Al J. E. Lewis 0·50 

Gennanium Ge '3043 J. A. Marin sky 0·50, 

Gold Au 3036 -- . J. F., Emery 0·50 
G. w., Leddicotte . 

Hafnium Hf '3011 Zr E. , ;P. Steinberg 0·50 

Helium No radiochemistrY 

Holmium Ho 3020 BE, Sc, P. c. stevenson .').00 
Y, Ac w. E. Nervik 

Hydrogen No radiochemistry 

Indium In 3014 D. ~. Sunderman 0050 
c. W. Townley 

Iodine I 3005 F, Cl, J. Kleinberg' 0·50 
Br G. A., Cowan 

Iridium Ir ·3045 G. w. Leddicotte 0 .. 50 

Iron Fe '3017 J. M. ' Nielsen 0·50 

Krypton Kr '3025 Ne, Ar, F. F. Momyer 0.75 
Xe, Rn • 
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NAS- Other 
Element Symbol NS, No. Elements Authors Price,$ 

Lanthanum La '3020 BE, Sc, P. C. Stevenson ~ 3.00 
Y, Ac w. E. Nervik 

Lead Pb .3040 w. M. Gibson 1.75 
Lithium No 'radiochemistry 

Lutetium ·Lu "3020 BE, Sc, P. C. Stevenson 3.00 
Y, Ac w. E. Nervik 

Magnesium Mg '3024 A. w. Fairhall 0·5.0 
Manganese Mn '3018 -- G. w~ Leddicotte 0·50 
Mendelevium Md .' 3031 Trans- G. H. Higgins 0·50 

curium 

. Mercury Hg 3026 J. Roesmer 0·50 
P. Kruger 

. Molybdenum ··Mo 3009 E. M. Scadden 0·50 
N. E. Ballou 

N eodymi 1.Un . Nd 3020 BE, Sc, . P. C. Stevenson 3·00 

• Y, Ac w. E. Nervik 

Neon Ne 3025 Kr, Ar, F. F. Momyer 0.75 
Xe, Rn 

Neptunium Np ·Pu N. Jackson 

Nickel Ni 3051 L. J. Kirby 0·50 
Niobium 'Nb 3039 Ta E. . P. Steinberg ·0.75 
Nitrogen N 3019 C, 0 J. Hudis 0·50 
Nobelium No 3031 Trans- G. H. Higgins 0·50 

curium 

. Osmium Os 3046 G • w. Leddicotte 0·50 
Oxygen 0 3019 C, N J. Hudis 0·50 
Palladium :Pd 3052 o. T. H~gdahl 0.75 

. Phosphorus .p 3056 w. T. Mullins 0·50 
G. w. . Leddicotte 

Platinum pt 3044 G. w. Leddicotte 0·50 
Plutonium Pu Np N. Jackson 

Polonium Po 3037 P .. E. Figgins 0.75 
Potassium K 3048 w. T. Mullins 0050 

G • w. Leddicotte 

• 
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NAS- . Other 
Element Symbol NS z No. Element Aut.hors Pricez~ 

Praseodymium Pr 3020 RE, Sc, P. C. stevenson 3.00 
Y, Ac w. E. Nervik 

Prom~thium , . Pm 3020 RE, Sc, P. C. Stevenson 3.00 
Y, Ac w. E. Nervik 

Protactin'i um Pa 3016 H. w. Kirby 1.00 

Radium Ra M. L. Salutsky 

Radon Rn 3025 Kr, Ar, F. F. Morriyer 0.75 
Xe, .Ne 

Rhenium Re 3028 G. W. Leddicotte 0.50 

Rhodium Rh .3008 G. R. Choppin 0·50 

Rubidium Rb :3053 G. W. Leddicotte 0·50 
\ 

Rutheniu;m Ru 3029 E. I. Wyatt 1.00 
R. R. Rickard 

, Samarium 8m 3020 RE, Sc, f. C. Stevenson 3·00 
Y, Ac W. E. Nervik 

• Scandium Sc 3020 RE, Y, P. C. Stevenson 3.00 
Ac W. E. ,Nervik 

Sel.enium :Se 3030 G. W. Leddicotte 0·50 

Silicon Si 3049 W. T. .Mullin~ 0·50 
G. W. Leddicotte 

Silv~r Ag '3047 D. N. Sunderman 0·75 
C. W. Townley 

Sodium Na 3055 w. T. . Mullins 0·50 
G. W. Leddicotte 

strontiUm .Sr 3010 Ba, Ca D. . N. . Sunderman 1.25 
C. W. Towniey 

Sulfur S 3054 G. Wo Leddi'cQtte .0·50 

Tantalum Ta ,3039 . Nb E • P. . Steinberg 0.75 

Technetium Tc 3021 E. Anders 0·50 . 

Te11uri'um 'Te 3038 G. w~ Leddicotte 0·50 

Terbium . Tb ,3020 RE, Sc, P. C • ~tevenson 3.00 
. Y, Ac W. E.· Nervik 

Thallium Tl E. Lt Brownlee 

Thorium Th '3004 E. K. Hyde 0.75 

• 
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• . Table IV-2 Continued 

NAS- Other 
Element Symbol .NS, No .. Elements Authors Price,$ 

Thulium TIn 3020 RE, Sc, P. c. Stevenson 3.00 
Y, Ac w. Eo Nervik 

Tin Sn 3023 w. E. N.ervik 0.75 

Titanium Ti 3034 C. K. Kim 0·50 
Tung$ten . W 3042 . w. T. .Mullins 0·.50 

G. w. -Leddicotte· . 

Uranium U 3050 J. Grindler 3·50 
. Vanadium .y 3022 J. L • Brownlee 0.75 
. Xenon Xe 3025 Ne, Ar F. F. Momyer 0·75 

KrJ Rn 

ytterbium Yb 3020 RE, Sc, P. G. Stevenson }.OO 
y, Ac w. E. ijervik 

yttrium Y 30~O RE, Sc, P. C. Stevenson 3.00 
Ac w. E. Nervik. 

Zinc Zn . ·3015 H. G. Hicks 0.75 . • Zirconium Zr :3011 Hf E •. P. Steinberg 0 .. 50 

• 
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(IThe problem of, separation of radionuclides, except for the special 

case of the·Szilard-Chalmers and recoil separations, are essentially 

the problems of analytical chemistry. The analytical ~hemistry 

literature has.teen.carefully scrutinized,. and suggestions are made 

as to the application:of procedures' which may not haveoeen used 

for radiochemical separations.~ 

The Subcommittee on Radiochemistry has now started. a series. of mono

graphs on'rad~ochemical techniques,85 which is a.companion.series to the 

. Radiochemistry of the: Elements monographs. These are intended. to: supple-

·ment·rather.than replace or·duplicate.existing reviews or·monographs. 

For instance,.Morrison .and Freiser86 have written a.general textbook on 

solvent· extraction and also a review specifically on.solvent,extractions 

in radiochemical separations;87 but the NAS monograph series covers in 

detail two.very specific and useful types of solvents.widelyused in 

. radiochemistry -- . high-molecular-weight-amiIl:es·85a .and tri~E:-octylphosphine 

oxide. 85b Other monographs. in this'series . cover low-level radiochemical 

separations, rapid. radiochemical separations, detection and measurement 

of nuclear radiation, .. and paper chromatography. and electromigration 

techniques • 

. Because of the. importance of solvent· extraction and ion :.exchange 

techniques to. rad~ochemistry, .: Source' Materia.l for EadiochemistrY,i,sl has 

a.special section.devotedto,them. To.give.detailed reviews·of these 

or other separation methods is beyond our scope;. however, the April issue 

of Analytical Chemistry in even-numbered years gives excellent and 
. ._. 88 

complete'reviews of·these and many o~her separation methods. 

One specializ'ed radiochemical technique is activation analysis, in 

which a sample is irradiated withneutrons.andthe resulting radioactive 
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elements are identified and the amount present determined (Fig. IV-7). 

This technique was originated in 1936" by Hevesy and' Levi, 89 who exposed 

samples of rare earths to a.radium-beryllium neutron source to detect 

and determine impurities. However, it did not gain wide acceptance 

until nuclear'reactors'became available to provide a.high-flux source 

of neutrons. The literature in this field up to ,1960' is well covered 

in Source Material.in Radiochemistry. 81 Several. rl:ew and interesting 

uses of thi s technique that ,have recently been . developed are discussed 

later in this section. 

New Developments in Inorganic Chemistry 

In general,.new developments in inorganic radiochemistry are covered 

in the Annual Reviews of Nuclear·Sci~nce.. The 1962 volume90 contains the 

followingarticles.that .may interest readers of this review: 

R. L. M8ssbauer"Recoilless Nuclear'Resonance Absorption, p. 123-52 

L. Yaffe,. Preparation of Thin Films, Sources, ,and Targets, p. 153-88 

R. H. Herber, Isotopic Exchange Reactions in Nonaqueous Systems, 

p. 329-58 

G. Burbidge, Nuclear Astrophysics, p.507-76 

Since 1959, there'hasbeen a review serie~Advances in .Inorganic 

Chemistry and Raqiochemistry. The three volumes .that have appeared to 

.date have had more' inorganic than radiochemistry, but the 1961 volume91 

had an article by A •. G •. Maddock and .E. H~. Willis on "Atmospheric Activities 

and. Datirl:g·Procedures." 

The first.bookof,InorganicIsotope Syntheses92 'waspublished in 

1962 and. contains procedures for' the synthesis of a wide variety of 

inorganic compounds. containing either radioactive or selected separated 
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, Figure IV-7 

lID UeTION ' ' OF : ,RAD10ACTIVITY 
' FOR "ACTIVATI.ON ' ANALYSIS ,~ 

CD 

SAMPLE CONTAINING ' 
UNKNOWN ELEMENTS " 

ADVANTAG ES: 

@ 

SAMPLE IRRADIATED WITH' " 
NEUTRONS ' IN NUCLEAR 

REACTOR 

I-ELIMINATES TEDIOUS (HEMICALPROCEDURES , 

INDUCED RADIOISOTOPES ' 
IDENTIFIED BY RADIAn ON ' 
" CHARACTERISTICS 

2 - MORE 'SENSITIVE THAN CHEMICAL AND SPECTROSCOPIC METHODS 

3 - METHOD IS BOTH QUALITATIVE AND 'QUANTITATIVE 

DISADVANTAGES: 
I -- LARGE SOURCE OF NEUTRONS , SUCH AS A REACTOR IS NEEDED 

,2 - SIMILAR RADIATION ,PROPERTIES MAY PREVENT DIFFERENTIATION OF INDUCED · 
'USAEC-I D-229 RADIOISOTOPES ., 

• 
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stable isotopes. A chapter on general procedures is followed by chapters 

. on .methods for· synthesi.s. of compounds. containing :deuterium," tritium,. ~5, 

.018,; p32 , 835 , C136, e..ndI13~ • 

. New-Develo:ements <Ln .~alyticalCbemistry 

New developments in the applications.of radiochemistry to analysis 

are reviewed every:otber year in,Analytical Ghemis~ry.The most ,recent 

review, by Leddicotte, was in ,1962. 93 The threeearlierreview,s,·,were 

byMeinke: 94 These·four'review articles contain,Q:ver'4000'references; 

, but, in -the last, two 1 Meinke and, Leddicotte . stated that . they were ' limiting 

,their coverage to selected articles rather than trying to cover all the 

papers in the'field. 

An .interesting new 'analytical technique for determination of dissolved 

,oxygen in water was recently described by H.G.,Richter and A.,S.,Gillespie, 

Jr-, of the Research'Triangle Institute. The fact ,that" even in ,extremely 

low concentration~.oxygen dissolved in water rapidly and quantitatively 

oxidizes. thallium metal is the basis for' this method. ' This fact" dis

covered by Wright ,and Lindsay;,95.hadbeen'used: in an industrial instrument 

,which measured" th,e electrical conductivity of the, effluent stream. By 

, substitutingT1
204 

and"counting"the effluent, stream" Richter and Gillespie. 

could determine: 0.2 ppm.of 0xygen:in :pure water and were ,able to·usethe 

method in ,water' containing :many more impurities ,than: in the original 

method. The authorsbeli.evethat .. this :method has a. potential 

_ greater.' than any other kn0wnmethod. for this. determination. 

New:D~velopments:in .A~tivation.Analysis 

Although : activation anCtlysis. has 'been' known for ·a .. relatively. long 

,time,. very few analyses are run routinely. by this'technique. Meinke and 
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Shideler97' I have suggested that. activation analysis will come into 

general use in the laboratory only when a neutron source suitable for 

.. use in an individual~ laboratory is available and when it is possible 

to complete an analysis in a matter of minutes (or at the most.an hour) 

instead. of ·days. Current. developments' in this"field are directed·t.oward 

the solution of both of these problems. Several laboratories are 

working on small neutron sources that are relatively portable and not 

too expensive, whereas others are evaluating:ways to speed up analyses 

and put. them on a routine basis. 

Neutron Sources. Olive, Cameron,.and Clayton of the UKAEA Isotope 

Research Group'have recently reviewed. high-intensity neutron.sources· 

.and their applications in industry.98 Nuclear reactors are not con-

sidered" but.radioisotope sources and accelerating machines· are discussed 

in some detail... These .authors conc.lude ·that ,radioisotope sources such 

as those shown in Table IV-3 will usually be limited to·a neutron flux 

of about 10
6 

to 107 n/sec. (In this s~ction, neutron fluxes stated 

without an area .. tenn are ·based on a 4n geometry.) If higher fluxes 

are needed, small accelerators.will probably be more economical. 

Hennell~9 has published' information .on a 1000-curie Sb
124_Be 

10 / source that .has a neutron .flux of 10 n sec. This source has a half-

life .of only 60 days,. but. it can be easily regenerated: in a reactor • 

. He·estimates that it could be operated for $5000 per year. The British 

review98 points outthat.the worst.drawback from this type of source 

is its intense associated gamma-ray emission, ·about 10 r/hr .at 1 ft 

from 1 curie • 



• 
Table IV-3 RADIOISOTOPE NEUTRON SOURCES 

Yield 

Source Half-Life -1 curie -1 n sec 

Pb210 -Be(a,n) 22 y 
- 6 
.2.3 x 10 

227 Ac . -Be(a,n) 22 Y 1.5 x 107 

.226 ( ) Ra -Be a,n 1622 Y 1.3 x 107 

210 . Po -Be(a,n) 138 d .2.5 x 10 6 

Th228 -Be"(a ,n) 1·9 y 2.0 x 107 
~ 

:124 , Sb -Be()' ,n) 60 d 1.0 xl0 6 

• 

• 
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Strain and LeddicottelOO have recently. published work.on alpha, 

241 241 gamma, . and neutron_sources made'from Am • They. prepared Am -Be 

'sources that .had a total neutron emission of. 4.5 x 10
6 nl sec. This 

resulted in a .. flux' of· 2.36 x: 104 n cm-2 sec -1 Although this flux is 

low, they.believe it would be . suitable· for macro concentrations of a 

large: number of materials. ·As Am241 becomes available, this type of 

source shouldbe.moreimportant. 

NucleonicslOl recently. reviewed the use. of accelerators for the 

production .of neutrons •. Currently the major interest.in neutron sources 

for activation analysis seems to be in the small particle accelerators 

"3 ·4 
which generate neutrons by the H (d,n)He ·reaction. In the British 

review-mentioned.above,98 data.from.the.Nucleonics article on such 

machines,. which cost .about $20,000 (Table IV-4), are summarized • 

Two recent.reports97,lOl describe the installation and use of Texas 

NuclearCorporationCockcroft-Walton neutron generators •. The installation 

at.the University Of'Michigan97 is routinely. producing a thermal neutron 

8 2 '-1 .flux of 2 x 10n'cm- sec , which the authors believe is about the limit 

101 with present. target designs. The Oak Ridge National Laboratory generator 

8 -2 ·-1 flux is about. 3.5.x ·10 n. cm sec • 

An interesting:type of neutron source has recently been described by 

Gluck, McFarling,. Kircher, Townley, and Sunderman at Battelle Memorial 

102 Institute in a study done for the USAEC Division of Isotopes Development. 

Designed for activation analysis on a flowing stream, the irradiator uses 

a .. Po-Besource . that .can.be lowered into the activation cell shown in 

Fig. Iv-8. The·activation achieved with this cell in a flowing stream 

was tested with several concentrations of manganese, indium, vanadium, 

and silver solutions. 
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Table Iv-4 ' LOW-COST ACGELERATOR 'WEUTRON: S,0URCES 

Manufacturer 

HighVoltage:Engineering,Corp. 
Burlington, Mass., USA 

!J;exas, Nuclear Corp., Austin 17, 
Texas 

Societe Anonyme. de 'Machines 
, Electrostatiques, . 2i Rue 
Jean ' Mace, ' Grenoble "France 

20th Century Electronics, 
Croydon,.Surrey,England 

Type 

AN.400 

·9500 

Type J' 

NGH,150 

. Voltage Operating 

Supply ,Voltage 

Van de 400 kv 
Graaff 

'Cockcroft- 150 kv 
Walton 

. Felici 150 $.v 

150 )tV 

Beam 

Current 

,150 !-La 

1. rna 

l' rna 

,I rna 
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Paraffin 
cc)afing 

Neutron -source 
po s iii 0 n ------:.c:.---,I-~~-/ 

• 

)---Pt----.L--I-- 8 a ff I es 

~---.:.....-I~+---7I-- Diffuser plate 

~-------------811~.~----------~~ 

Drawn to Scale 

LJETAIL OF ACTtVATION CELL 

Fig. Iv-8 

A-41958 

• 



• 

• 

• 

171 

Rapid Methods of Analysis. In .addition to small portable :qeutron 

generators, Meinke also. stated that, analyses. should pe done rapidly. 

Three different· appro,achesare·.being investigateq.: (1) Meinke has been 
. ' 

working· on quick radiochemical separation,methods85d folloWingactivation 

.sQ:that,the isotopes with: short half-lives can loedetermined;103,104 

· (2) G . d k' .105,106 k· . ttl th d . . ' u.lnn an co-wor.ers are wor lng on lns rumen a me 0 s ln 

which neutron ,activation is followed by gamma-ray spectrometry. with no 

,cpemistry; . frequently:·the gamma-ray spectrum .is determined several times 

to.determine half-lives of various activities; ()) Wainerdi and co-workers 

107 108 · at' Texas A &'M, ' are studying very-elaborate techniques.: in which 

• the· activat'ion and. counting sequences are controlled by a computer •. T.he 

samples :are introduced into. ;the system. in :batches· of 100 , activated. in 

·the :r.eactor, counted in a: gamma-ray spectrometer, and. the results are 

calculated .and printed out •. Since the entire sequence. is. controlled by 

the· computer, . this :me~hod, should. be ideal for routine analyse.s., of . large 

numbers·of samples. 

Uses of Activation .Analysis. Several laboratories have recently 

looked' at. the possibilities. of using activation ana.lysis to aid .. in .the 

examination .of·evidence for law enforcement ,purposes. 

V .. P.· GuinnJ..09. of .General Atomics has :developed .a technique to 

determine whether or not. a suspect has' recently fired a gun. The technique 

involves careful cleaning. of t4e suspect's trigger hand, activating·the 

removed material in a ,reactor, chemically separating·the 'and Ba139 
. , 

and determining these two activities 'by gamma-ray· spectrometry. ,Guinn 

is now.working·with·th,e Los AngelesPolice·Department on the application 

· of, thi s :met,:pod. 
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Bate, Pro, and Leddicotte of Oak Ridge National LaboratorY,and the 

Alcohol and Tobacco Tax,Laboratory, Internal, Revenue Service, have examined 

a number of samples of black automobile paint. and some soil and. soot 

,samples,110 and they have concluded that activation analysis would be a 

useful technique for the forensic scientist to use in identification.of 

these materials. 

Jervis, Perkons, Mackintosh, and Kerr, working with the Crime 'De-

tection,Laboratory, Royal Canadian Mounted Police, have used activation 

analysis to determine arsenic ,in ,human hair and other tissue to see if 

this analysis could. be used to determine the cause of death in cases 

f t d 
. . . III o suspec e arsenlcpolsonlng. The results to date have been: in-

conclusive. These same workers have made an. investigation of the 

pattern of trace elements ,in human hair to try to use these patterns 

for identification purposes. They report a case in which activation 

112 of a hair was introduced in court. In this .casethe body 

of a young woman'was found holding a single hair. Samples of hair 

from the victim and from a.male suspect,were compared with the hair 

found in the victim's,hand by act~vation analysis and the results shown 

in Table IV-5were obtained. ,The difference between,the ratio 

.in the two hairs was presented. in the Canadian courts as evidence of 

identity. 
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Table 'IV-5 ,NONDESTRUCTIVE ANALYSIS OF. SINGLE HAIR 

IN,EDMUNSTON, ~.B.,MURDER 

Exhibit hair specimen 

(found in hand of victim) 

Male suspect hair 

Vict im 's hair 

* 

t3-activity* 

total, 

c/min 

.3540 

2462 

1908 

~-activity after 20 days decay 

p32 

c/min 

1272 

1276 

S35 

c/min 

1757 

1190 

632 

1.02 

1.07 

2.02 

S35 low-energy component on ~-absorption analysis -- decay confirmed 

. p32 high~energy component on .t3-absorption analysis-- decay confirmed 
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ORGANIC CHEMISTRY 

For years the organic chemist ,had needed a method to distinguish 

between carbon atoms in various parts of an organic molecule. With the 

availability,of radioisotopes, his need was answeredjandnow, for the 

first,time, he was able to say with assurance how tne various parts of 

a molecule behaved in a reaction. Obviously, the most"important isotope 

in ,this work, is C14 ~ . but, the stable 'isotope 'C13 is also used when two 

carbon tracers are needed. Tritium serves extensively for tracing hydrogen, 

and if a second tracer is needed, deuterium is available. ,Sulfur-35, 

32131 P ,and I are also used to a limited extent ,in organic ,research. 

Severai good books that summarize the information in.this field are 

available. These books', described briefly in the following paragraphs, 

provide not.onlY,a good background, in this subject,but.also a history 

of its development over the past 15 y~ars. 

The first book devoted entirelY,to the use of carbon isotopes in 

organic and bioch~mistry, Isotopic Carbon,113 was published. in 1949, and 

. 11 13 14 describes techniques uSlng C J C ,and C •. In the introduction, 

Calvin indicates the tremendous interest ,which had started. to develop 

in this subject: 

II It is our'conviction that ,isotopic carbon as a. tracer will very 

soon find its place as a routine tool in many kinds, of scientific 

laboratories. Its ,use on a routine basis for the investigation 

of physical, chemical" and biochemical transformations is com

parable with: that, of the microscope" spectroscope, or x-ray 

analyses, in their respective spheres. Because of their great 

,diversitY"the applications of this tool are beyond the scope of 

this book, and they, have been'included-,only as a bibliography, 

AppendtxX, which contains, all published tracer applications. of 
. u ' 

isotopic carbon up to,July, 1948. [Appendix X contains about 195 

references .. ] 
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After 14 years, Calvin's book is still a.valuablereference •. He 

describes most of the basic techniques for working with both C14 and C13 • 

. In one chapter of almost 100 pages, he summarizes all of the syntheses 

of organic compounds :with isotopes.:published up to ,April 1948. Since 

mo.st ,of the compounds described were .the fundamental ones needed in 

many organic syntheses, this chapter is,still usef~l if one wants·to 

synthesize, rather than buy, a specific compound. 

Nevenzel and co-workers at.,theMedical SChool of the University. of 

California at Los Angeles have prepared two'bibliographies of the litera-

ture on synthesis of, organic compounds containing isotopes. Their 

original bibliographyl14 covered ~ompounds 'published through 1952. This 

report contained,148 references in 175 pages. The organic compounds are 

listed by name in an empirical formula index, and references are given 

to a list of original literature citations. There is also an author 

index. In~ 1951, the same workers :published a supplement, to ,the original' 

bibliographyl15,wnich,contained corrections to the original work and 

, covered literature :for··the years 1953 and 1954. This bibliography was 

indexed in the, same way, as the original and contained about·550 additional 

references.. . At . thi spoint,. the. authors gave up their original plan to 

,follow, all literature on.the synthesis of organic compounds containing 

tracers: 

h ' 
The originally planned, yearly supplement to ·thisbibliography has 

proved impractical with the limited manpower presently available. 

Future supplements will be compiled on a reduced scale with emphasis 
\' 

being ,placed ,on abstraction of more obviously preparative papers. 
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Murray and Williams in 1958.published. atwo-volume·work,.Organic 

SYT}theses with Isotopes.
116 

The first,volumedescribes.syntheses with 

C14 .and the second discusses compounds ·labeled with isotopes of the 

halogens, hydrogen, nitrogen, oxygen, phosphorus, and sulfur. The 

authors cover the literature through 1955. They. include chemical but 

not biological sYT}theses. 117 Catch, in. discussing:Murray and 

hook says: 

'/This last book,. after a brief and useful' introduction: -- too brief 

unfortunately. to cover the field adequaLely -._. embodies .about 800 

practical methods for isotopic sYT}theses,of which over 400 'in 

volume I-deal with carbon-14 •. References and brief information on 

many more preparations are also given. The.methods are presented 

in the style' of. Organic Syntheses, and this may lead the incautious 

reader to assume that (as in that unrivalled collection) all the 

methods have been independently checked;. but this.in general appears 

not to be so,. and a corresponding .degree of dependability is' not to 

be assumed. With this reservation (which.is not ,a criticis~) the 

book be found well worth its rather high price.~ 

Three other' books· on the subject of isotopes in organic chemistry 

should also be mentioned. The first, by Burr, Tracer Applications for 

the Study of' Organic' Reactions; 118 was published. in 1957. The second; 

by Catch,.Carbon-14 Compounds,117.was:published in 1961. The third and 

most -recently published book in the field is .. Isotopes in Organic 

Chemistry, by Miklukhin which was published in 

The book'by Burr is written primarily for the organic chemist, and 

the isotopic applications are arranged according to the reaction classi-

fications most familiar to the organic chemist. This arrangement.results 

in the subordination .. of ; techniques used in tracer work and emphasis on the 

results. B"qrr I s text covers· the literature through 1952; however, he has 
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added an appendix. in which literature ci tat ions, . arranged by chapters, 

are given for material that appeared in Chemical Abstracts up to early 

1955· 

Catch I s book'. is arranged with emphas:Ls. on techniques for working 

. 14 I with C ,and is thusa·valuable complement to Burr s. ·Hestates in 

his· introduction that he has not.tried to cover the literature compre-

hensivelYj therefore, his bibliographies are selective andshould.be 

·more valuablethan.if they had been exhaustive. He covers the litera-

ture through 1958.with a.few references to 1959 and 1960. An appendix 

provides. some coverage through 1960. 

No English translation .. of. Miklukhin I s book is available at. this 

time. Most .of the material is in tables and references, and both :the 

formulas· of the. compounds and .. the references to all but the Russian 

work .can be followed with. only a very. slight knowledge of Russian. 

This book is divided into. three parts: (1) trMethodsforObtaining 

.and Physical Properties .of Labeled Organic Compounds" with a bibliog-

raphyof about 1300 referencesj. (2) "Isotope Exchange Reactions" with 

1400 referencesj.and (3) "Research. on .Mechanismof Chemical Reactions" 

with about .1300 references. The references cover the literature to t4e 

beginning.of1957. 

Today the organic chemist.who wishes to work with tracers'frequently 

will not have to synthesize a compound befoTe he starts work. The1962 

120 
edition of The Isotope Index lists about 1275 compounds.with carbon..;,14 

tracers that ·are commercially available. This.number counts separately 

. each organic compound having a label in a different location,but does 

not .count .compounds having the same label but different.specific 
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activities. In addition, about . compounds are.reported containing 

'tritium labels, 95 ,labeled with 835 , 50 with ,p32 , and 40 with : I13l. 

The· International.DirectorY of Radioisotopes, 121 which was published 

.in 1962 and covered, the entire world, listed the following numbers of 

14 available tracer organic: compounds: C about1280j tritiumabout'250j 

I13l abbut,55; p32 about,50j 835 about 120 • 
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GEOPHYSICS 

Isotopes have assumed an important in many, fields of geophysics 

research in recent years. The, International Atomic ,Energy Agency, ,held ,a 
. '. 

symposium on one of these fields" radioa'cti ve dating, in Athens, . November 

19-23, 1962. The January.' 1963 , International' Atomic Energy Agency Bulletin 

had a good report. of this meeting" "Dating the Past . with Radioactivity. If 

We reprint this article here with a few editorial changes and the addition 

of some references which may add to its value. 

'I Very soon after the discovery of radioactivity, measurements of the 

heavy radioactive elements existing, innaturewereundertaken:to determine 

the 
, ,,' 4 122 . ... . 
of rocks by Rutherford in 190 ., .butonly.when:Professor'Willard 

. Libby in an evening lecture during the United.Nations Conference on 

the Peaceful Uses of Atomic Energy, in Geneva in '1955 described how, he and 

his ,research team had evolved the c
14 

dat'ing ,technique did' research on . 

radioactivedatingreceivea.real impetus. 123 Since:that ·time.laboratories 

in many countries have made rapid progress and geologists, geophysici.sts, 

sJand archaeologists:have jOined.forces with nuclear scientists 

,to ....... " ........... ''"",....,.. ,the techniques, and .widen the range;i' ~ts applications." 

" , Professor ,Libby had first, worked' out the. radiocarbon . dating technique 

in theory; his team had found and, extracted radiocarbon from :sewage slushes 

'in Baltimore, eonducted·aworldwide assay of woods ,and developed the 

necessary counting procedures and equiplI).ent. They, then conducted actual 

datings, both of samples of known age, which .proved that the method 

"worked" ,and of' objects of hitherto, unknown age. Ee first published his 

in 1952.124 ' Interest in the 1950's centred mainly round the 

Libby method uSingc14 as the "~hron~meter" and the dating. of archaeological 
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and other relatively, rec.ent Objects.125 Lately·the interest and tech-

niques'have again shifted to the age determination of the very distant 

past down. to the very origin of our' solar system and. to the application 

of the radioactive dating method to'problems.·in,the earth. sciences, such 

as . the movement s .. of air and, water' masse s, the origin. and nature of rock 

formations)a.nd the history of meteorites •. 

"This shift, of. interest ,was clearly discernible at a.,five-day' inter-

national symposiumorganized,by IAEA in Athens, 19-23· November 1962, 

which,although also dealing with C
14 

and archaeology, mainly discussed 

. geological and mete,oritic problems. The symposium.was co-sponsored by 

. the Joint Commission on .Applied.Radioacti vity of, the International 

Council of Scientific Unions (ICSU); the Greek Atomic E~ergy Commission 

acted as: host • 

, Methods and. POB.sibilities 

"The general principle of radioactive dating is based on measuring 

:the decay of certain given radiOisotopes and/or the build-up rate of 

other radioisotopes in the deqay. chain. To ,obtain .results with only 

, small margins. of' error· it, is necessary: to know as exactly. as possible 

the half-life of, the radiOisotope concerned and to,be sure that, in the 

sample tobe measured: the activity of the radiOisotopes has ,not. escaped 

by other means than '.the natural decay • One must' also be able to measure 

small amounts of radiation, which is difficult because of the back-

ground radiation that is always 'present from other sources. In radio-

active dating one uses both natUral radioisotopes with very, longhalf~ 

lives:which,have survived since the formation of· the earth and the solar 

system (nucleosynthesi.s) and, more recently·--radioactive isotopes 
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formed by the cosmic ray bombardment, both directly 'on the. surface of the 

earth and in the atmospnere and beyond. 

lIThe half~life of cl 4-, formed in :the atmosphere by the neutrons from 

cosmic rays being absorbed by nitrogen and transformed into ·this ·radio-

active isotope of carbon, had been assumed in the earlier days of radio-

. 6 124 . . dating .to be about· 5 00 years. In a paper by two . Swedish. research 

workers from.U:ppsaiaUniversity (Olsson and Karlen)126 it was pointed 

out that recent.investigations.at.Uppsala, the' US National Bureau of 

Standards127 and Alder.maston (UK)128 seemed to agree that.the half-life 

value more correctly· should be set at, 5700 years~ 129· .The determination 

of the half-life of C14 is particularly. important as this radioisotope 

is the main tool for measurements.up·to·50,OOO· years back and consequently 

the most used method in archaeology •. For dating samples of much greater 

age, radioisotopes occurring in nature are used. A paper by a German 

and a Swiss scientist (Herr and Hirt) reported the use of Re187 with a 

half-life of.' 48 million years to measure the age of iron meteorites. 

The results corresponded very well with the general assumption, based 

on the results from :other .radioactive dating . methods , that meteorites 

. and the crust of the earth itself were'formed approximately at·the same 

time, some 4500 millIon years ago. Before. the use of the radioactive 

dating method there were no ,means of determining the age of the formation 

of the earth with any degree of reliability and even this method has 

. only. recently. become reasonably precise. 

ff Some of the elements in·the uranium decay chain emit alpha particles 

which make up nuclei· of helium. The helium can be measured bY,mass 

spectrometry and areport.on this method was presented in a paper by. two 
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scientists from .the University of Arizona .. (Damon and Green). One main 

difficulty in this method. is to determine the loss of helium in the 

sample through. reasons other than the natural decay, as for' instance 

through. nescape H caused by the high emission velocity of the alpha 

particles, radiation damag~and heat .diffusion. 

lIThe thermoluminescence :method was discussed in a cOJ.l.ple of papers. 

This· is ba:;;ed .on measuring the glow of a sample when. exposed to heat. 

Certainelements'undergo;electronic rearrangement when exposed to radia:tion, 

with. the electrons accumulating. in •. "traps It. This rearrangement is stable 

-
at . the normal temperature of t.he· environment . of the element, but when 

subjected to heat .the electrons recover·their pre-radiation position 

and in this process they. emit light .which . can be measured. The intensity 

of the light .. is in.direct.proportion to the original exposure to radiation • 

"The first commonly used method, of dating uranium-bearing rocks was 

to measure the build-up·of Pb
206

, which:is a stable isotope at.the end 

of the uranium disintegration chain, and to .compare this·.·with the amount 

of' J238 contained in the sample.. The same principle can be 1J.sed. in com:" 

206 
paring the amount. of' Pb with other preceding radionuclides in. the 

chain. Experiments reported by'Yugosl~v scientists (Gojkovic, Deleon) 

and Cervenjak) showed .that by determining the- Pb20~/Pb210 ratio results 

.wereobtained which.correspondedwell with ·resultsfrom other methods. 

dane of th.e main tasks in present-day radioactive dating is to 

. develop countingtechrliques and equipment which can "be used to measure 

the very low, levels of activity usually. involved. H. Oeschger, of the 

.Physical Institute of the Berne'Univer~ity, surveyed present. low-level 

radiation detectors .. (gas and scintillation counters) and described 
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methods:for the suppression. of the background radiation. ·Hewas of the 

opinion.that. although currently used: techni.queswere adequate for samples 

not Qlder·than·50,OOO·years, improvements in.techniques anddevices'--

which seemed .quite feasible ~- . would open up new., promi sing .possibilities. 

14 . . 6 In that case, . Ol1,e might, for instance,. use C for dating"upto 0,000 

to [O,OOO'years; one might not have to collect as large samples as at 

,present; and the study of oceanic circulation processes. and of :radio-

activity in terrestrial materials would oe eased. It was.alsomost 

.probable, he said." that with . higher sensitivity in counting :techniques 

unknown radioisotopes with very. long half-lives would be detected. 

"By using :a· sensitive mass spectrometer one can obtain reliable 

results with the- K-Ar.dating 'method even . when the samples.have low 
i 

· concentration or are of relatively. short ,age. This was reported.by 

two German scientists (Gentner and Lippolt) who had, exPerimented with 

fossil bones:from .the :Black Forest and volcanic minerals' from the 

. Eifel Mountain. 

Geology and. A1(pli cat ions in .Meteorolo,gy and Hydrology 

If 
It became clear in .the course of the Athens symposilllIlthat ,in the 

last, few years :the radioactive dating 'met,hod 'has not. only sharpened its 

sensitivity, but: also increased its time dimensions in ·both· directions. 

The progress in methods to determine·the ratio·between uf34 
and u238, 

· for' instance, has made.' it possible to make more precise age determinations 

of samples :aged 100,000 ,to more than. one million years (Thurber). -At.,the 

other·end. of the scale; it was shown that the use of Pb
2lO

, formed in 

222 
· the atmosphere through. the. decay of the short-lived gas Rn " ",. is useful 

for dating geochemical processes which have taken ,place within the last 
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,hundred years. or so. This was shown.in.apaper·from.Ca~ifornia University 

· (Goldberg), which reported .on studies-of Greenland glaciers and the 

Colorado and Sacramento rivers •. These . s~udies also.·indicated that the 

composition. of . river waters' is. determined not only by the. geology of the 

drainage basin, but. also by inorganic or chemical reactions. occurring 

· in the waters. 

lIThe use of C14 and other radionuclides formed.by cosmic radiation 

· in .finding out about ,the large-scale movements of air' in. the atmosphere 

were· di s cus·sed. In an Indian paper (Lal) . it was . stat ed that. it· was· now 

possible to determine the rates of accumulation of' extra-terrestrial 

dust .' on the earth in the last ,few million years' by measuring the . A1
26 

and Mn53 concentrations. in these.sediments. At present, it· is estimated 

that ,one thousand tons. of such. dust ·reaches:the earth' every day. 

1/ According: to the same paper , radioactivity formed .on· the surface of 

the earth by cosmic . radiation can also be used for 'erosion studies, alt~ough 

normal erosion. rates are sohigh,that,surfaces.exposed atpr.esent would 

have been tens of meters underground some hundred thousand years ago. 

This method is therefore suitable only for measuring relatively recent 

erosion rates. Studies :of cosmic .ray:-produced radioisotopes have also 

been found usefulin.the study of oceanic.circulation processes and. the 

. chronology of oceanic sediments. 

(tIt was, for instance,. reported. (Bd:en, Rakestraw; and Suess) that .the 

estimated south-north speed of the· water in .the Pacific Ocean amounts.to 

:0.04 dm/second; i .. e. it, takes approximately 400 years for·the water at 

,400 south latitude to· reach the 400 north latitude. 
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K. O. Milimich.fromHeidelberg :University discussed the measuring ,of 

artificially produced Cl4 in,the high atmospherej,he was of ,the view that 

the old "box-model" to explain the slow, intermixing of air masses both 

north/south and between altitUdes should be replaced by a "continuous 

model" based on the' diffusion. theory. 

"The conventional method of determining rock ages'hasbeen to measure 

,separated radioisotopes from a .sample. This method has the defect ,that 

,some decay products 'from.theisotope ·to be measured have been lost ,during 

the cooling,time of the rock. Strontil.Ull-87, a daughter- isotope of,Rb, 

seems, however, to remain in the rockj a 'method of measuring:a whole-

rock sample;- rather than ,the separated isotope·s., for its concentration 

of Rb, in relation :to Srtherefore· seems promising. A ,paper ,from the 

Massachusetts Institute of Technology (Hurley, Fairbairn, ,Faure and 

Pinson)· reported on the. development of 'this method. ,Its success depends 

.partly,on determinin~ the initial,sr87/sr86 .ratio,in.the rock at ,the time 

of its formation. ,T1;le authors,reported that ,for most rocks this . value 

is close to 0.708 and this'value can be used without" having to make 

individual measurements for ' each sample. 

('Results of age determination, ,of uranium minerals in granite rock 

formations in Northern.Bavaria showed the the uranium had been formed 

much later than. the general ,deposits of the area"probably by uranil.Ull 

dissolved in acid water flowing through alkaline limestone and thus 

falling out as uranium·.salt. (Lenz ,and Wendi?). 

" ·,The K-Ardating'method been~sed to determine the age of tektites 

(ZHhringer), which are found in three main areas: North America, 
! . ! 

Czechoslovakia) and Australia. The a'q.stral1 tes seem to be very young, 
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• about 600,000 years old, the Czech te~tites about .15 million . years, and 

t.hose 'fromNorth America more than jO million years. Tektites are spheric, 

dark-greenish, glassy. objects, commonly assumed to be of. cosmic origin. 

Professor Vinogradov (USSR),. however, pointed out.· in the discussion. that 

. available physical and chemical data, particularly the high .potassium 

and uranium content similar. to that, in acid earth-formed rocks, would 

lead to the conclusion ~hat .tektites were of terrestrial genesis. 

(f The ·discrepancies found· in 1l.singthe radi0isotopic method for geo-

logic~ldatingdepend very largely, on temperature .changes and base exchange 

by ground water,. stated J •. L.· Kulp of Columbia Universityo He reported 

on recent, experimental work on·the baseexchange.properties of biotite, 

where age determination . results had been particularly discrepant·~ His 

•• conclusions were that.thermal effects rarely caused. discrepancies of 

more than 10 per cent, whereas. ground water exchanges would explain·the 

differences that have resulted. from using the Rb-Sr orK-Ar methods. 

These discrepancies have their value,however, in providing valuable 

. information. on a region I s geochemical history. 

If 
. A •. P. Vinogradov,. of the Biogeochemical Insti tute of the Soviet 

14 Academy of Sciences, reported on C dating of .. deposi ts . the 

lower'Indighirka river in.East"Siberia and on the· dating of mammoths 

(12,000 years) and the change from.fresh.to brackish. water in the Black 

Sea. (8,000 years) • 

. ' Meteorites 

, The determination of the age of·the formation of meteorites, the 

• time of their' to, earthJ and the production radioactivity in man-

made satellites:was the· subject of a number of papers. Special attention 
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was .paid to determination ·of the intensity. of cosmic rays in ·.time-and 

space and the formation of penetrating particles.-inspace. 

" A United States paper (Fisher) stated that .·data. obtained from :using 

. lead as a dating. tool showed that stone meteorites.had an age of 4500 

million years, that, is, the same as .the crust ,of the earth. The· eViddnce 

in respect, of iron:.meteorites·, "Using :the K-Ar ratio method, ' sets their 

age at .up ,to alJnosttwiceas much,. ,There are no· other data that ,support 

.the commonly held assumption.that iron and stone meteorites, and the 

earth itself were formed at.the same· time. With:the results at present 

available. one must .conclude that, iron meteorites are much :older·than 

. stone ones. 

v, 
The same techniques:that are used. for· measuring the age of meteorites 

has also been applied lately. to the fragm~nts.of man-made. satellites. A 

paper from. a .research grou.p at the Smithsonian Astrophysical Observatory 

. (Fireman, de Felice ·and Tille~)gave a survey of the work carried out 

there. The paper stressed that ,the production, of radioactivity' in 

satellites.is quite different from.its·production~inmeteorites. In 
/ 

meteorites· radioactivity is uniform;. in satellites. considerable variations 

are observed because of theirexcentric trajectories and their· interaction 

with, the Van Allen radiation pelt •. Samples·of some of the Discoverer 

. satellites, it was repo"rted, had been analysed for· tritium in lead, steel) 

and aluminium. These investigations have a direct,hearing.on:the plans 

.. for manned. space travel. 

If Other. papers :descri"bed techniques. for· the use of C14 . or other radio-

nuclides produced by, cosmic rays to date the time of ·the fall to . earth of 

meteorites. The resu.lts so far available tend to prove that .m~yrri.eteorites 
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have had longer "terrestrial lives" than has hitherto been assumed. It 

was generally. agreed that C
14 

provided a. good tool, f.or ,dating meteorites 

and that further developments in this technique' wou.ld increase its 

accuracy and, range, which might prove ·particu.larly:interesting·in.dating 

prehistoric meteorite craters. 

(( , 

·To ,obtain. the same kind of information.that.has resulted, from the 

study, of recently fallen meteorites by "direct n observation would require 

a two-year long space ,travel in an appropriately constructed space 

vehicle. 

leThe' spatial and time distribution of cosmic radiation intensity 

· were .dealt with in several papers •. In a.paper 'from Br00khaven National 

Laboratory. (Davis"Steenne~and Schaeffer),amethod of comparing the 

activity of a .short-lived radioisotope with a long-lived one to ,establish 

the spatial .density of cosmic radiation .was ,described. Argon- 37 , ,with a 

half-life of'35,days, and .. A:b3~with a half-life of .:yel?-rs, were 'Ll:sed. 

The results have led to the conclusion·that .. the present. cosmic ray 

· intensity at one Astronomical Uq.it. (the earth ,orbit) is within.15 per 

cent of the' intensity at,adistanee of several, Astronomical Units. The 

· results also showed ·that :the pr~ductionof radionuelides by cosmic rays 

· is independent of the meteorite t s orbit •. Special study has. also been 

made of the effects of solar flares, as for· instance the one that ,occurred 

.. in November 196o", comparing the Ar37 content. of stainless .steel samples 

from.Discoverer 17, whichwaslaunchedduring:the intense solar flare in 

November 1960, with s~ples from~Discoverer 18·and 26. 

«Another p~perfrom:tne United States (Goel and Kohman) dealt,with 

variattons in c0smicray' intensity in. t~e. Cosmic rays are generally 
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. assumed to originate in stars or stellar systems and as these vary with 

time and position within the galaxy, long-term variations:wouldbe expected. 

The paper concludes, on the basis. of Cl36 and Ar36 investigations, that 

cosmic ray intensity has been decreasing over the past few .. hundred. million 

years. The research also indicates that erosion of the meteorite during 

'its space travel has been, "general and significant". 

(( These conclusions were different from those reached in two, other 

papers. In a paper by two scientists from the Max-Planck Chemical 

Institute, Mainz,Federal Republic of Germany (Voshage and Hintenberger), 

it was concluded that the cosmic ray intensity, in the last.million years 

had been than the average during the entire life-span of the 

meteorites. Another paper from the same Institute (Vilosek and WM,nke) 

concluded that space erosion had been rather small. ,According ,to this 

paper, the relatively'short life of stone meteorites is not due to . erosion, 

.but to collisions in space which would be catastrophic for stone but not 

for iron. A Belgian-US paper (Cr~vecour and Schaeffer) also dealt with 

this question and statedthat,d,efinite conclusions as to the changes 

in cosmic ray intensity in time could be made only after such problems 

as erosion of meteorites.in space and the production rate of radio-

isotopes in meteorites had'been solved, although measurements of the 

AI26/BeIO ratio indicated that ,cosmic radiation intensity had, been constant, 

.in the last ,ten million 'years • 
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129. . At the Fifth' Radiocarbon Dating Conference,. meeting at ' Cambridge, 

July 23-28, .1962, workers in.the field voted not., to ,change .to, the 

new value for' the half-life·,of C14 (5730' .:t,40 y) until' several 

other experiments.now in progress .. were completed and reported • 

. See ·H •. Goodwin, Half-life ·of Radiocarbon, Nature, .195: 984' (1962); 

and H. Goodwin,.Rad::Locarbon Dating, Fifth·International.Conference, 

. Nature, . 195:·943-45 (1962). 
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V. APPLICATIONS IN AGRICULTURE 

• 

• 
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Inaddftion to their application as tracers in studying metabolic 

processes, as mentioned in the section on research in biology and agri-

culture, radioisotopes .are being investigated for use in eradicating 

insects, developing new varieties of plants, preventing loss of agri-

cultural products during storage, and tracing movements of insects and 

small animals. l Since this field will be covered in the third issue 
\ 

of this quarterly progress review, it is. discussed here only very 

briefly. Much irradiation work has been done with x rays, but Co60 and 

Cs137 are being used increasingly, and some experiments have been made 

with solutions of such .isotopes as S35 and p32, in which seeds, for 

exampl'e, can be soaked. 

The most spectacular result of the use of radiation in agriculture 

is the eradication of the screwworm fly -- a pest that attacks farm 

animals in the southern U.S., Mexico, and Caribbean areas -- with an 

-estimated annual saving of some 20 million dollars. lc Huge numbers of 

male flies were sterilized by irradiation and released, and females 

(which mate only once) mated with these, did not lay hatchable eggs. 

other insects being investigated for such treatment include the boll 

weevil, European corn borer, mosquito, and tsetse fly. 

Amateur gardeners are familiar with C060-irradiated seeds and 

bulbs, with 27 varieties of flower and vegetable seeds being advertised 

Oy a single company.2 Even more important, of course, are the com-

mercial crops that have been improved by irradiation from various 

sources: mustard, tobacco, beans, oil rape, fodder peas, navy beans, 

barley, peanuts, and oats. Various other crops are being studied. The 
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success of this procedure led to the development of a portable, I-ton, 

Cs137 source, which can be used in the field. 3 

Irradiation of potatoes to prevent sprouting in storage has been 

under investigation for some time. No chemical change has been found 

in irradiated ,potatoes that ,would make them unsafe for eating, and 

Canada has recently approved this method of potato preservation. The 

effect of radiation on onions and other crops is being studied. Irradi

ation "pasteurization" (i.e., irradiation sufficient to kill most, but 

,not all, of the organisms in products that are to be refrigerated) is 

also being actively investigated. Since the amount of radiation to 

pasteurize foods is only 5%' of that required to kill all organisms, " 

this procedure is cheaper and less damaging to flavor and texture than 

complete sterilization. Among the foods being investigated for' such 

processing are corn, broccoli, strawberries, bananas, seafood,and 

meat. Irradiation is also being considered for killing insects and 

animal pest~ in stored crops. 

Various other beneficial uses of radiation have been reported. 

Output of peni cillin, whi ch ,:;,?f' cp'llrsey:::~ ~ not a stri ctly agricultural 

product, has been increased a thousandfold by repeated mutations result-

ing from irradiation of the microorganisms producing it. More and bet-

ter silk is obtained when the silkworm in the cocoon is killed by ir:r;-adi

at±~6.n instead of heat. 4 Russian scientist's are reported to be irradi

ating silkworm ova to produce ,a higher percentage of males, which give 

more ,silk than females. 5 Caviar production has been reported to be 

increased by irradiation, and irradiation of pullets before hatching 

is reported to result in a higher egg production. 6 
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The density of silage may be determined by external readings of 

the radiation passing through the s,ilo contents 'from a Cs137 source 

placed in the center during filling. 7 
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• . Radioisotopes have been described as the. most important tool for 

scientific research since the microscope. Although for·martyyears re-

search workers have accepted isotopes as an.important tool, educators 

have,been rather slow. to add instruction .inthe use 'of. isotopes to the 

chemistry, biology, and physics curricula. Of course, in a historical 

sense, the term."slow tl is relative and the addition of instruction with 

radioisotopes to college .courses pro~ably has not been slqw since it is 

doubtful that any '-v .............. ~f">'-.,;;;;) or'universities gave instruction .in the use. 

of the microscope as soon as thirty years after its invention. The only 

reason we might expect to do better now. is that communications h~ve·im-

proved and the pace of scientific advances has become much faster. 

The Division of Isotopes Development. of the. Atomic Energy Commission 

has sponsored projects to develop experiments for use in high school, • college, and industrial courses, and descriptions of many such experi-

ments are now available. Chopp in , inA Cross: Referenced Index of. Radio-
. 1 

chemical Teaching Experiments Applicable to.Chemist~y, has summarized 

and indexed.radiochemical experiments in 15,books that are readily avail-

able in the United States. His index divide's the experiments into cate-

analytical chemistry, biochemistry, general and inorganic chemistry, 

organic chemistry, and chemistry; and breaks these broad 'sub-

s down into specific types of experiments. For instance, Physical 

Chemistry is divided into: crystal $tudies (surface area, ex~hange,etc.), 

determination of dissociation constants, kinetic and exchange studies, 

Szilard-Chalmers experiments, and radiation chemistry. This index is 

valuable for any teacher wishing to enrich his teaching with experiments 

using radioactive isotopes. Rather th~n simply duplicate this·index, 
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• this review will indicate the scope of educational material now available 

and will supplement the Choppin index in cases of items that it did not 

cover. Publications indexed by Choppinare designated by (C) when re-

ferred to in the text and in the bibliography. 

Almost any modern chemistry, physics, or biology textbook will have, 

some information that is basic to the use of radioisotopes., This kind of 

information is not covered,here; instead, only educational ~aterial .dev~'l-
, , 

oped', spe.cificallyfor teaching the use of i'sotopes is' reviewed. For the 

sake of simplicity, the material has been divided into three maiItsections 

describing the use ofisotop~s in (1) high school,S, (2)' colleges. and uni-

versities, and (3) industrial training programs. The division into these 

three categories is arbitrary and there is conside.rabl'e overlapping among 

them; therefore ,an experiment should not 'be ignored at the college level • simply because it is listed in the high school section or visa versa. 

The section ends with a brief discussion of other educational aids such 

as train~ng movies and chart's. 

License-exempt 'Isotopes 

Under current AEC regulations, small but significant amounts of 

most radioisotopes may be bought under what is known as ~ "general 

lic~nse." This' means that a teacher. or student does not have to get 

a licen-se from the AEC if he limits his use of-isotopes to the amounts 

shown in Table VI-I. At anyone time, no .person shall possess mo;re than 

a total- of ten. such scheduled quantities. Since these quantities are 

ample for most experiments, the job of, educators in obtaining i~otopes 

is greatly simplified. 

• 
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• Table VI-1 QUANTITIES'OF ISOTOPES AVAILABLE WITHOUT AEC AUTHORIZATION 

Unsealed Sealed 
Radioisotope SOurce (~c) Source (~c) 

Ant imony 124 1 10 

Arsenic 76 10 10 

Arsenic 77 10 10 

Barium 140-Lanthanum 140 1 10 

Beryllium 7 ·50 50 

Cadmium 109-Si1ver 109 10 10 

Calcium 45 10 10 

Carbon 14 50 50 

Ceriwn 144 ... Praseodymium 144 1 10 

Cesium 137 -Barium 137 1 10 

. Chlorine 36 1 10 

Chromium 51 50 50 

Cobalt 60 1 10 • Copper 64 50 50 

Europium 154 1 10 

Fluorine 18 50 50 

Gallium 72 10 10 

Germanium 71 50 50 

Gold 198 10 10 

Gold 199 10 10 

Hydrogen 3 (Tritium) 250 

Indium 114 1 10 

Iodine 131 10 10 

Iridium 192 10 10 

Iron 55 50 50 

Iron ·59 1 10 

Lanthanum 140 10 10 

Manganese 52 1 10 

Manganese 56 50 50 

Molybdenum 99 10 10 • Nickel 59 1 10 
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• Table IV-I Continued 

Unsealed . Sealed 
RadiOisotope Source (~c) Source (p.c) 

Nickel 63 1 10 

Niobil1Ill 95 10 10 

:Pal1adium 109 10 10 

. Pal1adiuml03-Rhodium 103 50 50 

Phosphorus 32 10 10 

Polonium 210 0.1 1 

Potassium 42 10 10 

:Praseodymium 143 10 10 
.. Promethium 147 10 10 

Rhenium 186 10 10 
- Rhodium 105 10 10 

Rubidium 86 10 10 

Ruthenium 106-Rhodium 106 1 10 • Samarium .153 10 10 

·&candium 46 1 10 

Silver 105 1 10 

Silver III 10 10 

Sodium 22 10 10. 

Sodium 24 10 10 

Strontium 89 1 10 

Strontium90-Yttrium 90 0.1 1 

Sulfur 50 50 
Tantalum 182 10 10 

Technetium·96 1 10 

Technetium 99 1 10 

Tellurium 127 10 10 

Tellurium 129 1 10 

Thalli um 204 50 50 

Tin 113 10 10 

Tungsten 185 . 10 10 • Vanadium 48 1 10 
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Radioisotope 

yttriwn 90 

yttrium 91 

Zinc 65 
All others not listed 
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Table VI~l Continued 

Unsealed 
Source. (!J.c) 

1 

1 

10 

1 

Sealed 
Source (!J.c) 

10 

10 

10 

10 
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geal~d sources in license-exempt quantities available from 

most of the companies who sell isotopes. A number of companies also 
, , 

sell individual isotopes or educational kits in license-exempt quantities. 

These isotopes usually come ,in a solution of a simple compound such as 

chloride or' carbonate, and the' average cost is ahout $5 to $10 per 

isotope. The following are some of the companies who sell license

exempt isotopes specifically for educational purposes (othercomparties 

will be listed as we, get information): 

'-

, Abbott, Laboratories, Oak Ridge, Tennessee 

2-pack kit _ p32 , 1131 

9-pack kit - p32 , , 1131 , Cr5,l, 835 , Zn 65, ca45 , As 74, Hg203" Co 60 
, , 

Atomic Co~oration of America, 14725 Arminta8t., Panorama City, Calif. 

Kits with all equipment including isotopes to do definite experi-

ments. ,For example: "Bone Metabolism in Goldfish, "or "Transport 

of Phosphates in Tomato Plant s. "They also sell the following 

. d' , d l' t p32 C 45 C14 C 137 -B 137 C'136 In l Vl ua l so ope s : , ' " a, ,s a, , 

C 51 r , C 60 F 59 'N,63 R 106_Rhl06 'N 22 
0, e ,l, U ,a, 

8 89 r , 8r90_y90 , 835 , T1204, zn65 

Bio-Rad Laboratories, 32nd and Griffin Ave_, Richmond, Calif. (This 

company is 'supplying free isotopes to science teachers for fisc~l 

year 1963 under the program mentioned below.) 

Individual Isotopes: C14, co60 , 835" Fe59, zn65 , Radium-D, p32
, 

1131 

Nuclear-Chicago Corporation, 333 E. Howard,Ave_, ,Des Plaines, Ill. 
* 

K 't f 5' t Pb2IQ_Bl,210 C 60 C' 144 _p 144 'z 65 , C14 lO lSO opes: , 0 , e, . r, , n, , 

* (As Na
2

C0
3

) 
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Individual Isotopes: The five above. and C
14 

(as glycine, acetic 

acid, or acetic anhyd.·ride), S35 (in toluen~ or as sulfuric acid) 

:p' 32~, C" . 45 
., a 

Nuclear Consultants Corporation, 9842 Manchester Rd. ,. St. Louis 19, Mo. 

O C14 C 60 C 137 N 22 Z 65 238 '1131 Kit o;f 1 isotopes: ,0, S , a , n , u, , 

p32 , cr51,.Fe59 

Each. of the aboveisotQpes can also be bought separately. 

Radiation Equipment and Accessories Corporation, 665 Merrick Rd., LynbroOk, 
N. Y. 

U. 

6-pack kit - Any of 6 above 

Replacements -·Any of 3: above 

S. Nuclear Corporation, P. o. Box 208, Burbank, Calif. 

Set of 3 - C14,.I131, p32 

Set of 4 - Ce144"'Pr144,. Cs137_Ba137 , C 60 o , Uranyl ni trate 

Set of '5 _Pb210_Bi210 , C 60 o , Ce144~Pr144 , Z 65 n , C14 

Set of 3 _·Pm147 , N 22 a , Sr9O_y9O 

Isot.opes may also be ordered separately. 

Isotopes·in. Eigh School 

With the increased emphasis on science in high schools lias come 

pressure to upgrade the courses with "new and modern techniques." To 

meet this goal, the National Science Foundation and the Atomic Energy 

Commission are sponsoring summer institutes·.to teach high school science 

teachers how to use the modern tools of science. RadiOisotopes ha.ve been 

emphasized in these institutes. In these courses the teachers are given 
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a kit of equipment and supplies that can be used in their own class

rooms. -Each year the U. S. Atomic Energy Commission contracts with one 

isotope supplier to furnish license-exempt isotopes free of charge to 

teachers who have taken the courses. 

Experiments developed in these courses are, of course,- excellent 

supplementary teaching material for high school chemistry, biology, or 

physics courses. A booklet , Laboratory Experiments with Radioisotopes 

for High School Sci:ence Demonstrations (C)2 
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includes 20 experiments ranging from a determination of the half-life of 

I 131 to a study of the removal of·p32 from water by goldfish. It was 

supplemented and extended by Teaching. with.Radioisotopes (c).3 Since 

this book is tailored for use with kits furnished to teachers taking a 

summer institute course in radiobiology, most of the experiments are 

biological. There are many more·quantitative experiments in this book 

than in the earlier book.,--typical. ones being ITDetermination of Range 

and Energy of Alpha Particles," "Distribution of p32 ,in an Animal," and 

trSoil Adsorption and Leaching." 

Nuclear-Chicago Corporation has compiled. reprints of 36,papers 

which appeared in.the Journal of Chemical Education (c)4 between 

February 1949 and June 1959, and which describe experiments and methods 

for teaching with radioisotopes. Many of these experiments are' suitable 

for' use with high school classes. 

, "The Amateur Scientist" column. in Scientific American for May 19605 

described a number of experiments that could be performed in high school 

or even in a home laboratory. The advahtage.of these experiments is 

that in many of them the radioactivity. is detected by autoradiography, 

thus eliminating counting equipment. For those who wish to make a Gerger 

counter,.the article gives a simple circuit that can be asserr~led from 

commercial parts for about $25" 

Scientists at Argonne National Laboratory have been giving a short 

course in basic nuclear science for high school -teachers since 1957. This 

course, including both lectures and laboratory work, covers more than 

radioisotopes; however, it is & good introduction to the subject 0 Both 

the lectures and the laboratory experiments were recently published in 
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Introduction to Nuclear SCience. 6 In addition to chemistry, biology, and 

physics ' experiments, . this 'book also contains some metallurgy demonstrations, 

but these are more concerned with reactor fuel clements than with isotoPE7s. 

EXPERIMENTS IN "INTRODUCTION TO NUCLEAR SCIENCE"6 

Physics 

Ratio.of charge to mass 

Magnetic field assembly for elm apparatus 

Notes for a·high-voltage power supply 

Diffusion cloud chamber 

Electroscope 

Strontium bead sources 

Demonstration of radioactive·decay 

Uranyl oxalate actinometer 

Biology 

Plant irradiation .effects 

. Uptake and distribution.of p32 in tomato plant 

The response of yeast cells to irradiation 

Effects of radiation of mammals 

Chemistry 

Liquid-liquid extraction separation 

Coprecipitation experiment 

Ion exchange separation 

Determination of solubility product of silver iodide using ,iodine 

tracer 

Experiment on isotopic exchange 
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Safety precautions 

Method of conducting ·exp.eriments 

Experiment 1:' make .uranium-aluminum .alloy·bymelting the elements 

in a high-frequency 'induction furnace 

Experiment 2: hot-rolling·the uranium-aluminum alloy 

Experiment 3: cast cladding 

.Experiment.4: the fuel plate 

·Experiment 5: inspection of the fuel ·element 

Samples for teaching aids 

. Isotopes. in Colleges and Universities 

There are two approaches.to the introduction of isotopes into 

courses of instruction at both the undergraduate and graduate .. . 

In one, experiments using isotopes and radiation are incorporated into 

the traditional curriculum in places where'isotopes are the best tool 

for a .job.. In the other, the use of isotopes is taught in a separate 

course or courses which cut across disciplinary lines. If isotopes are 

a tool like the microscope" then more and. more isotope experiments should 

be added to the traditional courses 0 The number of and university 

courses on the use of the microscope is extremely small, while the number 

of courses .microscopes is very large. 

Some of the high school experiments mentioned above are also suit-

able for use in the enrichment.of traditional courses. In partic-

ular, a number' of experiments in the Nuclear-·Chicago collection 4 from 

the Journal of Chemical Education may be more suitable at the college 

level .. 
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The Atomic Energy Commission and the Nuclear-Chicago Corporation have 

co;-sponsored the preparation of a laboratory manual, which was de$igned 

expressly to.introduce radioisotope.exp~riments to the cnemistry curricu~ 

lum~ The purposes and. philosophies behind the p~paration of this 

manual~Radioisotope·Experiments for the Chemistry Curriculum (c)7 are 

descriped by' its ··editor, Radin, in the Journal of Chemi~al Education. 8 

An instructortsmanual is also availablee 9 

TYPICAL.RADIOISOTOPE EXPERIMENTS FOR TilE CHEMISTRYCURRICULUMB 

Introductory Chemistry: 

Determination of atomic weights, with S35-sulfate 

Chemistry of sulfur; thiosulfate,. sulfur, and, sulfite 

S 1 'l'b' Pb2lO B· 2lO 
ecuar·equ~ ~ r~um; - ~ 

Qualitative Analysis: 

Determination of a solubility pr~duct for calcium sulfate 

Separation of ions by liquid/liquid extraction 

Coprecipitation.phenomena; calcium and permanganate with barium 

sulfate 

Quantitative Analysis: 

Determination of phosphate in a phosphate rock by an isotopic 

yield method 

Determination of the formation constant of a complex ion; calcium 

citrate.vs an ion·exchange resin 

Determination of calcium; removal of interference.by ion exchange 

and chelatometric titration 

Organic Chemistry: 

Synthesis of S35-sulfanilamide 

Synthesis of C
14

-acetYlSalicyCliC acid 
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Identification of amines by acetylation with c14-acetic anhydride 

Physical Chemistry: 

Dynamic nature of equilibria between ions in solution and a salt 

Exchange between a metal and ions in solution 

Analysis of the phase diagram of a three component.system; 

dimethylaniline, water, acetic acid_C14 

Demonstration of the. adsorption isotherm with charcoal and acetic 

acid 

Radioactive decay and growth; Ce144_Pr144 

Instrumental Analysis: 

Preparation of samples for Geiger counting 

Properties of Geiger counters 

Statistical variation jn radioactivity measurements 

Biochemistry: 

I h d · h t h t ' f C14 1 ' on· exc ange an paper c roma ograp y; separa lon 0 . -g YClne 

and glutamic aCid; isotopic dilution determination 

Properties of enzymes, studied with an isotopic substrate made 

by the student 

I t . f C14 l' . t t· ft· f ncorpora lon 0 -g YClne ln 0 a pro eln. rac lon o mouse 

spleen; properties of the in vitro system 

The William He Johnston Laboratories, under an AEC contract, have 

developed a series of experiments on radiation chemistry which are intended 

, 10 11 to be used as supplementary materlal to other courses •. , These experi-

ments require the use of a 25-curieco60 source, for which they have 

l ' ddt '1 d ' , d ' 12 supp le e al e englneerlng rawlngso 

TRAINING EXPERIMENTS IN RADIATION CHEMISTRylO 

Interaction ofalpna particles with matter 
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Interaction of electrons with matter 

Interaction of-g~a rays with matter 

-Fricke dosimeter 

Gas-liquid chramatographyand chemical effects of radiation 

Radical trapping I: radiolysis of water and decolorization of 

methylene. blue 

Radiolysis.of methane 

Polymerization of -styrene 

Radical trapping II: sol-gel cultures and radiation damage to 

living· cells 

Viscometric.determination.of the·radiation degradation of polymethyl

methacrylate in solution 

11 A second volume presents the theories on which these experiments 

'are based and includes a reprint from the Journal of Chemic'alEducation 

of the Lind Jubilee Symposium on the development of radiation chemistry. 

Johnston Laboratories have also developed a number ·of. pieces of 

equipment (Table VI-2) for'use in college and university laboratories 

for teaching with radioisotopes. 13 The aim in developing these systems 

was to provide training laboratories with equipment of higher·training 

value, lower costoi' construction, and greater general usefulness than 

present. in existing commercial equipment. 

A number of textbooks and laboratory manuals have been Prepared' to 

teach the use-of isotopes in college or university courses 0 . Choppin 

indexed the following textbooks intended for use in courses on isotope 

methodology: Experimental Nucleonics,14prlnciPles of RadiOisotope 

Meth~dOlogy,15aExperimental Nuclear' Chemistry, 16 Modern Radiochemical 

Practice,17 <Radi6isoto;pe Techniques, 18 and. A Laboratory Manual for 
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Table VI-2 SYSTEMS AND EQUIPMENT FOR RADIOISOTOPE TRAIN INGl 3 , 

Title 

Radiochemical instrumentation 
14 3 Liquid scintillation counting of C and H 

Low level beta counting 

Monitoring.of natural radon 

Tracer· leak detection 

Gamma ray spectrometer 

Solid state ··alpha detector 

Industrial gauging 

Beta thi.ckness gauging 

Density and level gauging 

Tracer flow rate training.system 

Tracer wear studies 

-Industrial research and process analysis 

Gas chromatography and radiotracer system 

Carbon-hydrogen analyzer 

. Drawing 
.·.Number 

CAPE-812 

CAPE-814 

CAPE-815 

CAPE-8l6 

CAPE-817 

. CAPE-818 

CAPE-81l 

CAPE-813 

·CAPE-8l9 

·CAPE-820 

CAPE-82l 

CAPE-822 

These·drawings are described and listed in Unclassified:Engineering 

·MaterialsList, TID-4100, Supplements 13-16, and are available in 

packets from Oak Ridge Reproduction Service, P. 00 Box 363, Oak 

Ridge, Tennesseeo 
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Radiochemi stry. Many of the experiments in these courses could also 

be used as supplementary material in.traditional courses, and this.index 

is a good guide to use in.choosing experiments. 

Principles of Radioisotope Methodology15b was revised in 1962 and Chase 

has added several experiments not ,listed in Choppin's index. In his index 

Choppin included the contents of his own book (see p. of'this issue), 

Experimental Nuclear Chemistry,16 which was probably in press at·the time. 

Most of the books that have been written for practical training in' 

radioisotope ,techniques have emphasized chemistry and physics. Choppin's 

index is. ,confined to chemistrYj, however, he does list . some' parts of Tech~ 

·niques of Radiobiochemistry.2? This book is in two partSj the first deals 

with general principles of techniques and methods and. the second with 

. t· d' b' 1 . 'th h' C14 kIt· exper~men s ~n ra ~o ~o ogy, w~ , . emp as~s, on. wor.· so op~c 

and Radioisotopes in Biology and Agriculture22 are also useful 

as textbooks to teach the use of radioisotopes in.biology. 

The first part of Isotopic.Tracers discusses.the theoretical con-

siderations in the use of radioisotopes in biological systems, and the 

second part is a practical laboratory course. Following a series of 

basic physics experiments on counting methods, statistics, and half-

lives, a numper of biological experiments are given. 

,BIOLOGY EXPERIMENTS IN ISOTOPIC TRACERS21 

Determination t t NIl) . 1 'f a om per cen excess ' ~n a samp e 0 an 

ammonium salt enriched with N15 

Incorporation of p32 into'hens' eggs during their development 

Persistence of isotopically labeled red cells in the bloodstream 
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after injection, and calculation' 'of the circulating red cell 

volume and blood voltime 

Labeling of red cells simultar:eously wi thP32 and Cr51 

Use of -trace-labeled., proteins (a) to. study ·the persistence 

in the bloodstr:earn of inj ected proteins, and (b) to determine 

the pl~sma volume of an animal 

, Determination of the intercellular plasma of' centrifuged red blood 

cells 

Use of a trace-labeled protein antigen in the determination of the 

composition of serological precipitates 

Distribution of p32 in the tissues following the injection of 'p3~_. 
containing inorganic phosphate into mice 

.14 
Incorporation' of C -labeled acetate into. the lipids of rat liver 

Determination of exchangeable sodium in rabbits, using 'Na24 

Experiment s on thyroid 

Measurement of thyroid acti vi tyby determination of protein

bound radioiodide in the blood after injection of I131 

Localization'ofinjected I131 in the thyroid 

Paper chromatography with I131-containingurines 

Experiments with radioactive iron 

Binding of Fe59 by plasma.,proteins 

Persistence of plasma-bound iron in the circulation 

Comar's bOOk,22 is not a laboratory ~anual since it contains no 

specific laboratory experiments. Instead, it discusses basic techniques 

and principles for'experimentation'w.ith animals ,and plants. The subjects 

covered.are indicated quite ,well by the chapter beadings. 
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• RADIOISOTOPES IN BIOLOGY AND AGRICULTURE 

Principles of Tracer Methodology 

Basic Difficulties. in· Tracer,'Methodology 

Heal.th,Physics and Hadiation.Protection 

Facili ties and Handling of:. Radioisotopes with Animals and . Plants 

General .. Procedures for,Radioassay 

Properties and'Procedures for' Individual Radioisotopes 

Autoradiography 

.;·Paper Chromatography 

. Ion Exchange 

Radioactivation Analysis 

The chapter on; Properties and: Procedures for' Individual Radioisotopes 

• containsmuch,information about individual isotopes that were available 

from OakRidge National Laboratory when the book was written .. Although 

the prices and some of the specific activities are no longer valid, the 

book still contains a large number of useful data •. For each· element, 

intake levels ( toxicity), radioassay, method, chemistry, and typical 

methods for use in biology are given. 

Industrial Training 

The line between industrial training manuals and books intended for 

academic use freq~ently is either rather fine or nonexistent. ,For 

1 R d · . t T h' ,18. d . d . t examp e ~. a lOlSO ope . ec nlques lS use In an aca emlC course a 

Rensselaer·Polytechnic Institute and also for' industrial courses at Oak 

Ridge Institute of·Nuclear·Studies. We have arbitrarily categorized these 

. manuals according to what appears to· have been the primary, goal of the 

• author. 
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Choppin lists two industrial training manuals in his index in 

addition to Overman and Clark's book: RadiOisotopes in Industry Training 

. Program,23 . and Short Course' in Basic and Applied Isotope Technology.24 

Radioisotopes in Industry Training'Program based on.a course, g~ven 

at the General Motors Research Laboratories, which comprises 45 lectures 

'requiring,lIO hrand 20 ,experiments'requiring ,135 hr. Short ,Course in 

. Basic and Applied Isotope Technology was prepared by the William H. 

Johnston Laboratories. It includes 26 experiments that ,are. intended 

to be the background of a six-week course in isotope.technology. for 

scientific'personnel with the equivalent. of at.least a bachelor's degree. 

Radioisot9Pe'Laboratory Techniques25 is used in.the Isotope School 

at Harwell,. England.. This book covers many aspects. of laboratory. work 

with isotopes, but it. is not a "cookbook" type.of laboratory manual. It 

would be most .valuable if used by the student for background prior to 

work .in . the laboratory or by the teacher· in preparing a .laboratory 

manual. The subjects covered are shown by the chapter headings: 

RADIOISOTOPE LABORATORY TECHNrQUES 

Elements of Nuclear·Physics 

Properties of Radiati.ons 

Production of Radioisotopes 

Introduction to Health Physics 

The Laboratory 

Hazard Control 

Decontamination and. the Disposal of Waste 

Laboratory. Apparatus 

Introduction to Electronic Techniques 
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Detection Devices: Integrating Types 

Particle Detectors and Their Use 

Associated. Equipment 

,Errors and Corrections 

.';rhe Statistics.of Counting 

. The Choice· of Counting. Equipment 

Special Counting Techniques 

. Feasibility (Will a radioisotope do the job. at hand?) 

Some Chemical Applications 

Autoradiography and Gamma Radiography 

Applications of Isotopes 

Radiochemical Procedures: Work with Radioisotopes26 is a translation 

of a Yugoslav textbook, written in 1959, intended for use by students in 

the School for Training of Personnel in Handling Radioactive Materials, 

conducted by the Federal Nuclear Energy Commission of Yugoslavia. This 

book is used in three different courses: (1) Fundamentals of Radio

activity and the Possibilities of Their·Practical Application, (2) Intro-

duct ion to Basic Operating .Techniques, Specifically ·to the Techniques 

for the Practical Application of'Raqi6isotopes, and (3) Introduction to 

the Most Important Safety Measures in Handling Radioactive Materials. 

The text is divided into ten main subject headings: 

RADIOCHEMICAL PROCEDURES: WORK WITH RADIOISOTOPES 

General Concepts 

The Measurement of Nuclear Radiation 

Physical Methods in Radiochemistry 
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Chemical Methods in Radiochemistry 

The Radiochemical LaboratorY,and the Principl~s 'of Work with 

Radioactive Isotopes 

Dosimetry 

The Effect of Radiation on,the Organism 

Some,Examples of the Application of Radioisotopes 

Ohemical Changes Caused by Radiation 

Appendix (numerical data) 

This ,book is chiefly of interest as a source ,of information on.the type 

of training,courses given in another country. 

Stanford Research Institute, under a contract with the Atomic Energy 

Commission, has developed three'industrial training courses concerned with 

radioisotopes, radiation, and atomic power entitled: Survey of Nuclear 

Fundamentals and Radioisotope Applications in Industry,27 Survey·of 

Nuclear ,Energy and Power Plant ,Application~" 28 and Radiation Safety.29 

These courses, in the form of lectures, could be used as background 

material for a laboratory cou~se on the use of radioisotopes, or they 

could be 'used without laboratory experiments as background material for 

workers in the field. These courses, each of which requires about 32 hr 

of lecture time to present, are designed for laymen without a scientific 

background 0 . The instructors' manuals 'for these courses provide excellent 

source material for teachers in almost any aspect of isotope and radiation 

technology atrapbpular level 0 A number of good charts are provided as 

well as good lists of reading material and movies at a popular level. 

The. philosophy, aims, and background considered in the development of 

these 'courses are given in other'reports,30,3l ,32 and the courses have 

been evaluated for use with union workers,33 adult education programs,34 

and workers in a nava~ shipyard. 35 
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SURVEY OF NUCLEAR FUNDAMENTALS AND 

RADIOISOTOPE APPLICATIONS IN INDUSTRy27, 

Introduction (1 hOur) 

Some Principles of Atomic Structure (} hours) 

The Structure of Matter 

The Structure of the Atom and,Atomic Classification 

Isotopes 

Some Principles of Radioactivity (4 hours) 

Nature and Types of Radioactivity 

Radioactivity Measurement Units 

Effects of Radioactivity 

" Uses of Radioactivity 

Radiation Safety (4 hours) 

Hazards of Radiation 

Control of Radiation 

Detection and Monitoring 

Safety Practices in the Use of RadiOisotopes 

Radiography (4 hours) 

Fundamentals of Radiography 

Radiographic Techniques 

Special Factors Related to Radiography 

, Industrial Uses 

Radiation Gages (4 hours) 

Fundamentals of Radiation Gaging 

Types of Radiation Gages and Suitability for Production 

Control 



• 

• 

• 

Procedures in Using Radiation Gages 

Industrial Uses 

Radioisotope.Tracers (2 hOurs) 

, Principles 

Factors in' Using Tracers 

Other Applications. of Radiation Sources (2 hours) 

Well Logging 

Industrial Radiation Processing 

Handling Radioactive ·Materials. (4 hours) 

Sealed and Unsealed (Open) Sources 

Transportation 

Waste Disposal 

Accident Procedures 

Radioisotopes Utilization and People (2 hours) 

Job Opportunities 

. Labor Relations and Public Relations 

Review and Examination (2 hours) 

Other Training Materials 

The Atomic Energy Commission has an active·program of assistance 

to provide teachers and students with information on the various'phases 

of atomic energy. Students and teachers may write to the Commission's 

Division of Technical Information Extension, Educational Materials Section, 

Reference Branch, P. 0 .. Box 62, Oak Ridge, Tennessee, and receive available 

information. Currently, the Educational Materials Section has over 200 

different items. in 20 subject categories 0 They have a good collection of 

information on isotopeso 
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The Division of Isotopes Development has prepared a' series of about 

one hundred-fifty 8 by lO-in. line drawings, which are available without 

charge·from.themorfrom the Division of Technical Information Extension, 

Oak Ridge, Tennessee. One of these.charts is shown in Figure VI-l to 

illustrate general style and qual it Yo Essentially all aspects of isotope 

work are co.vered· graphically by these charts, and they are very useful 

in teaching about.isotopes at almost any level. Several of these charts 

are 'also used in. other' sections of this review~ 

Many. l6-~moving pictures have been made on isotope technology in 

the past 15 yearso Most of these films are available from the Atomic 

Energy Commission's Motion Picture Libraries and can be obtained on loan 

free of charge for educational use. These films are listed in two pain

Phlets,36,37 which are available from the Commission. The following 

moving pictures of particular interest as visual aids in teaching about 

isotopes were released in 1961 and 1962: 

OUR NEAREST STAR (Isotopic Power System for the Transit Satellite). 

12 minutes, l6mm, color' (1961). A SNAP isotopic power:system has 

been placed in orbit aboard the Transit Four-A navigation satellite. 

This simple, powerful device is the first.application of nuclear 

power in space. Against a background of the Transit.Program, this 

semi technical film follows the development and testing of the radio-

isotope fuel capsule and the thermoelectric. generator that make up 

this SNAP system. 

ATOMIC WEATHERMAN: STRONTIUM-90 ISOTOPIC· APPLICATIONS 0 18-1/2 

minutes, l6~, color (1961). This semitechnical film describes.the. 

world's first ,radioisotope-powered weather station, which is operating 
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unattended at a remote site in the Canadian Arctic 0 The "atomic" 

weather station is powered by a thermoelectric unit in which the 

heat from the decay of strontium-90 (Sr90) is directly converted' 

intoelectricityo 

OPPORTUNITY IT.NLnvIITED: FRIENDLY ATOMS IN INDUSTRY. 28-1/2 minutes, 

16mm,. color (1962). This popular-level film, .. narrated by news 

commentator John.Daly, surveys the widespread use of radiOisotopes 

by American industry to make better products--from ships to nylon 

hose--more efficiently and with an impressive record of safety. 

UNDERSTANDING THE ATOM: ALPHA,BETA, AND GAMMA. 44 minutes, 16mm, 

black and white (1962). The film gives some insight into.the origin 

and nature of alpha, beta, and gamma radiation • 

UNDERSTANDING THE ATOM: RADIATION.AND MATTER. 44 minutes, 16mm, 

'black and white (1962). The film, which considers the interaction 

of radiation w.ith matter, develops the various processes by which· 

alpha, beta, and gamma radiation give up energy to theirs~rroundings. 

UNDERSTANDING THE ATOM: RADIATION . DETECTION BY IONIZATION .. · 30 minutes, 

16mm, black and white (1962). The basic principles of ionization 

detectors are described, particularlyin'relation to the pulse 

height as a function of voltage curves. Brief descriptions of 

ionization chambers, proportional counters, and Geiger counters· are 

included, and examples of instruments operating in these regions 

are shown • 
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. UNDERSTANDING THE ATOM: RADIATION DETECTION BY SCINTILLATION. 30 

minutes, 16mm, black and white. (1962) 0 A short review .of gamma 

interactions with matter is shown, with particular reference to 

useful scintillation crystals. The scintillation process is de-

scribed~ and the efficiency of the conversion of gamma radiation to 

visible light·· in the . scintillator is discussed. 

UNDERSTANDING THE ATOM: PROPERI'IES OF RADIATION.· 30 minutes, 16mm, 

black and white (1962). This film includes a.discussion of general 

problems of radiation decay, such as the laws of radioactive decay, 

including the concept. of half-life. Statistical considerations are 

introduced, and the basic notion of the standard deviation in counts 

expected in various experiments is described. 

CHALLENGE: INVISIBLE BULLETS. 29 minutes, 16mm, black and white' 

(1962). The meaning of radiation, its natural sources, the various 

forms it takes, the difference between alpha and beta particles and 

between gamma and x-rays, how radiation is used in research. 

CHALLENGE: WORKING WITH RADIATION. 29 minutes, black and white 

(1962)0 Precautions used. in working with radiation, and research 

to learn more about handling radiation. Illustrated are "hot caves fT 

with mechanical slave manipulators or electric manipulators, and 

giant "caves" using heavy duty manipulators •. Demonstration out

lines method of disposing of radioactive wastes. 

CHALLENGE: TRACING LIVING.CELLS. 29 minutes, black and white (1962). 

The use·of radicactive isotopes in the study of cell division and in 
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medical therapy; use ·ofradioactive tracers in blood and cancer 

research. 

CHAL~ENGE: .THE ART OF SEPARATION. 29 minutes, black and white (1962) 0 

With radiation, the chemist.is able .to work with much greater speed 

and ease.in the field of chromatography--the sep~ration of chemical 

compounds.intobasic substances. Basic principles are explained, 

with ademonstration·of an actual separation of a chemical compound. 

CHALLENGE: FOUNDATIONS.FOR.THE FUTURE. 29 minutes, black and white, 

(1962). Discussion of what. the future will bring in the various 

areasof·basicnuclear·research--the effects of· radiation, the 

peaceful uses ofradiatio~ and.the dangers of radiation. 

Another source of educational material which should not be over

looked is the technical bulletins issued.by companies sellingisotopeso 

It is not possible to give a complete listing of this type of information, 

but. some are mentioned to illustrate.the wide variety of available ma

terial. 

Nuclear-Chicago Corporation has.prepared a number of bulletins that 

emphasize techniques for working with radioisotopes 0 The titles of the 

bulletins.indicate some of the subjects covered 0 A bulletin of particular 

interest, Diagnostic Applications of Radioactive Isotopes, deals with the 

.medical applications of isotopes. 

NUCLEAR-CHICAGO· BULLETINS 

1. How to Use Radioisotopic Yield Determination in Quantitative Analysis 

20 How. to ·Use <Radioisotopic Analysis for ·Mixing. Evaluation 



• 

• 

• 

244 

. 3. How. to· Use the Radioisotopic Derivative Method in Quantitative 

Analysis 

4. How to Use Radioactivity in Paper Chromatography 

5. How to Evaluate an Analytical Method with the Aid of Radioisotopes 

6. How to Make Quantitative Determinations by Radiometric Analysis 

70 How to Prepare Radioactive Samples. for Counting on Planchets.

. Part 1 

7B. How to Prepare Radioactive Samples for Counting on Planchets'

Part 2 

8. How to Compute Absorption and Backscattering of Beta Rays 

lOa Quantitative and Qualitative Analysis through Neutron Activation 

11. How. to Prepare Samples for Liquid Scintillation Counting 

12. How to Compute Neutron Transmission and Diffusion 

13. How to Determine Efficiency Automatically in Liquid Scintillation 

Counting 

14. How to Apply Statistics to Nuclear Measurements 

15. Continuous Scintillation Counting of Weak Beta Emitters in Flowing 

Aqueous Streams 

Bulletins 1-7B have also been issued' combined in one document, Analytical 

. Procedures with Radioactiv~ Isotopes. 

New England Nuclear Corporation publishes a monthly bulletin, 

Atomlight, which generally features articles on the biological or medical 

aspects of isotope use. 

Abbott.Laboratories have published several bulletins on medical 

uses of isotopes. These bulletins include: 

Radioisotopes in Medicine~ A Guide for Physicians and Hospital 

Personnei, April 1962 
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, Nuqlear 'Medicine: ,for, tne Modern' ~hysician and h~slfospi tal, 1956 

Radio-iron'~Pre;parations, July 1962 

The Isotope Research Division of the United Kingdom Atomic Energy 

Authority, is now, publishing a series of, single page bulletins, on various 

phas:es of isotope use. These may be' obtained from.the Wantage Research 

LaboratorY,(AERE), Wantage, Berks., England. 

BULLETINS ISSUED BY 'UNITED KINGDOM ATOMIC 

'ENERGY AUTHORITY TO MARCH 1, 1963 

B'.6 'Neutron,Detectors 

B.7 Semi-Conductor Radiation:Detectors 

B.IO Statistics of'Measurement 

C.l Radioactive Tracers;: Physical Principles 

C.2 Principles of Tracer Technique (Chemical) 

c.4 Radioactivation Analysis 

c.6 Measurement of Liquid Flow 

C.IO Measurement of Bulk Flow and'Mixing Efficiency 

C.12 Filter 

C.13 Siltation Studies 

c.14 Ground Water Tracing 

D.l Thickness and Density Gauges (Transmission), 

D.2 Thickness and Density Gauges (Backscattering) 

D .. 7 X-ray Fluorescence 'Spectrometry 

Eol Advice and Services Available in the,UK 
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Although popular conception of the atomic energy program .associates 

the isotopes business with the glamorous "twinkling atoms, tI the increas-. 

iirg importance of separated stable isotopes should not be overlookedj 

these ~ilent partners play a rather important role in the overall appli-

cations program. Figure VII-I shows the growth of the program as indi~ 

cated by the number of annual shipments since 1946. 

Most stable isotopes are separated in production-type electro-

magnetic devices called "calutrons," or to a .limited extent by other 

methods including thermal diffusion, centrifugation, and countercurrent· 

fused salt migration. These methods will be discussed more thoroughly 

in the secon~ issue of this review. 

One of the most significant contributions of this phase of the 

isotopes program is the use of enriched stable isotope targets for the. 

production·of radioisotopes. Shorter rrradiationtimes, higher specific 

activities, and freedom from undesirable extraneous activities are 

cliaracteristic·of radioisotopes prepared by bombardment -of separated 

stable nuclides. The reduced extraneous activity usually results from 

botE increased concentration of desired target nuclide and decreased 

con~entration of undesired target nuclide. Table VII-l lists a few of 

th~. enriched nuclides used for radioisotope production, along with in

formatIon to show the advantages of using these targets rather than 

normal material. The same advantages apply with respect to cyclotron-

produced radioisotopes. 

These advantages are illustrated nicely by Ca47• The 4.5-day 

isotope when prepared from the O.003%ca46 in normal calcium is 
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completely overshadowed (by a ratio of about 25:1) by tne164~daYCa45 . 
44 produced by the irradiation of the 2.1% Ca ·alsopr~sent. However, 

~ .~. ~.~ -. 
if the Ca is enriched to, say, 30%, the Ca JCa ratio is reduced 

to about 1:5, and.the resulting Ca45Jca47 ratio becomes about ,1:'125; 

thus 'a useless product which is 96% undesirable ca;45 can become a·veri 

use·ful product wn,ich is 99%: Ca 47. 

Table .. VII-l. Enriched Stable. Isotopes· Used in Radioisotope Production 

Radio- Targe:t, o,:;:;ii~~~-.~'P,lr.-cet!t:r:;A.Q\ll1dance Advantages' 
··Isotope Nuclide'~f~""~''''N~~i--- -. -"~ich~d Aa y,":BO 

-Cd-l09 .Cd-l08 0.88 70 80 Cd-113: 400 
Cd ... 115: 550 

Ca-45 Ca ... 44 2.1 98 47 -_ ... --- _ ....... 'd .. 
h

• 

ca-47 Ca-46 0.003 30 ·10,000 'Ca-45: 3,000 

Cr-5l Cr-50 4.3 95 23 ---- .... ---- ~', 

Fe-55 Fe-54' 5.8 98 17 Fe-59: 18,000 

Fe-59 Fe":' 58 0·31 76 250 Fe-55: 2,500 

Ni.-63 Ni-62 3·7 98 25 Ni':'59: 2,500 

Sr-85 ,Sr-84 0·55 54 100 Sr-89: 300 

aA = .The approximate factor by which specific activity can be in
creased for a given irradiation time ,- or by which irradiation time can 
be decreased for a given specific activity. 

bB ,= The approximate factor by which the concentration of an 
extraneous (unwanted) radionuclide is reduced relative ·to the ·desired 
nuclide. . 

Table VII-2 shows some typical uses for stable nuclides. l A recent 

bibliography covering these.and other applications is included in 

ORNL 3266.,2 

I 
\. 
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Table VII-2.* TYPICAL USES FOR ENRICHED STABLE'ISOTOPES 

Target materials .for preparing high-specific-activity radioisotopes 

in .reactors.and in accelerators. Enriched targets not only.increase 

the number of activations per unit time of irradiation, but also reduce 

side activities introduced by other isotopes. C~l.cium-44, Cr50 , cr54, 

Fe54 , and Fe58 are examples of enriched isotopes used in producing. ' 

radioi,sotopes. 

studying the isotope effects ,on bulk properties of elements. ' 

Specific heat, density, and the ·like have been studied forLi6 andLi 7;' 

the isotopes <of lead, mercury,.and tin have been investigated in con-. 

nection with superconductivity; Ni58 and Ni60 have been used to stu~y 

the isotope effect on.linear expansion. 

Physicochemical studies, such as reaction kinetics and self-

diffusion. 

starting materials in assigning 'masses to artificially produced 

radioactive isotopes. The results of amass spectrometric analysis of 

irradiated material can be positively correlated to an activity only 

when· the target.material is mononuclidic. More than·10o. such ~ss con~ 

firmations have been made in this way. 

Isotope dilution analyses. 39 41· . -~5 Traces of enrichedK ,.K , and~' 

have been used in fertilizer uptake studies; K4l ;in geologic &ge 

d t . t· V50 F 54 d N' 62. t· t· t . . t . . e ermlna 10ns; ,e ,.an 1 1n es lma 1ng race 1mpUXl 1es 1n 

crude oils. 

Studying naturally occurring, low-abundance radioisotopes such as 

K40 , sn124 , Rb87 , and Sm147 • It is much easier to evaluate the proper-

ties of these isotopes using'enriched material than ,it is using the 
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normal element. This is particularly true in the case .of the double-
40 beta-decay studies of K . 

Preparing calibration standards for mass spectrometers. ·"Blends" 

of various concentrations of essentially pure nuclides provide reference 

sta~dards. An example is mixtvresof enriched Li6 and Li7 to give·a 

complete range of relative abundances. 

Preparing radioisotopes for studies of decay schemes and character

istic radiations. Numerous highly enriched nuclides have been activated, 

and the investigators have thereby been·spared the tremendous confusion 

wnich results from trying to unscramble the decay schemes of several 

species which are disintegrating simultaneously. 

Medical use. Gallium-71 has been used in bone-cancer studies;· 

K40 has been used in tissue studies of malignant lymphoma. 

Sources of monochromatic ·light for optical calibration. Wavelength 

standards are preferable when uninfluenced by any isotope effect due 

to isotopic.impurities. Cadmium-114, Hgl98 , and Hg202 have been used 

86 . 
as standards. The orange-red wavelength of Kr has been. made the basis 

for t.he ·official definition of the meter. 2a 

Optical studies of isotope shift,hyperfine ·structure,and nuclear 

spin~ Hundreds of publications on these subjects existf 

. Measuring neutron absorption, scattering, and total cross section. 

This ·probably involves the most concentrated efforts at the present time, 

using enriched samples ·of almost all the stable ·isotopes. 

"Pushing back" the ·liml:ts of natural abundance of certain isotopes. 

By analyzing·material collected in the position for·a "nonexistent"· 

isotope, it is possible to ascertain with more assurance the lower 
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Iimit's 'of possible abundance ·of a particl,llar species. This has been 

done for yb167, Er172, and Pb21O' . ~e technique has also been used for 

Ta18O' to ·help ass~gn anact~ual ,value of abundance to an .isotope pre-' 

viously thought to 'be nonexistent~ 

-Spectrochemical standards. Spectrochemically pure Ca4O' is re

covered from the' 'electromagnetic, separation 'of calcium isotopes. 

* . ' . With minor changes, repri~tecl with permissionfromChem. Eng. News 
37 (5) : .- 64 (1959). . . . . ' ' 

During the first ten years 'of the ,elec-croJ!l8.gneti.c separations pro-

gram, nearly one fourth of the isot,opeswere used to determine energy 

levels and ,another 'one fourth to measure'various neutron 'cross sections. 3 

Today much of the effort is involvedfn the various cross-section stud

ies. 4 r~ However, very interesting worE:' c~ntinues on energy levels, 6 

decay schemes, 7 and half-lives, 8 and on, such other top,icsas hyperfine 

structure,9 the measurement of bulk 'properties, 10' and: Mossbt:i.uer stud-

.,.... 11,12 
l.es. 

The use of enr.iched stable isotopes in isotope dilution as an 

, " 13 
analytical tool has' good potential'~ ',' Their.; use in tracer work invol v-

lng ,eventual activation .analYsis is als,o'a powerfultool.14 A unique 

use of' BlO' consists of introducing a soluble' compound~nto the blood~. 

stream'of a patient with a brain tumor,allowing the isotope to con-

10' centrate in the tumor, and then irradiating the B with neutrons to 

provideanon-the-spot treatment -of the tumor~ This is also mentioned 

under·"Medical Uses of Radioiso:topes.u 
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·A Manual ·for Nuclear Medicine, E. R. King and T. G.\Mitchell, Charles 
'; , 

C. Thomas, Springfield, Ill., 1961, $13.50, 406 pp. 

Due to its early sta~eof a rapid development, the field of nuclear 

medicine is not yet clearly defined. In the broadest sense, it should en-

compass those :effects in man that ,are cause~ by nuclear radiation origi

nating from both externalIylocated sources and internally deposited 

emitters. Obviously, this definition would not only refer to the use of 

isotopesiI)l. the hospital but would .also include such di verse areas as, ,:. . 

for example, radiological civiI defense, radiat.ionexposure of high-

altitude jet crews and .astronauts, radiation-induced changes in human 

genetics, ~d many aspects of; n.'ealth physics. In the narrowest sense, 

nuclear'medicine is taken .as that field of medicine w.hichdeals with the 

·administrationof radioactive isotopes to patients, predominantly for 

diagnostic ·purpdses. King and Mitchell's text treats the subject in this 

restricted manner. 

'The manual originates from courses given for several years at the 

National Naval Medical Center, Bethesda, Maryland. Thereforeinstructional 

material, ;laboratory exercises, and ~linical ,£rocedures are well tested 

and perfectly adjusted .to the requirem~nts of physicians and medical stu-

dents who intend to use radioisot.opes .asdiagnostic tools. Because of 

this clear orientation toward the needs of medical practitioners, empha-

sis naturally is placed on present-day status rather than on future de-

velopments, and on immediate clinical application rather than on 

laborat.ory research. 

The first .four chapters contain radioisotope methods evaluating 

thyroid function, certain forms of anemia, blood volume, and blood forma-
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tion. For each test, a .brief background and a detailed .laboratory pro-

cedure are given. Collectively, these tests represent that section of 

clinical isotope application which already has become an integral part 

,of 'diagnostic medicine because the procedures are simple and economical 

and they yield .information not otherwise obtainable. Two subsequent 

chapters.are devoted to scintillation scanning,which currently repre-

sents the most rapidly growing branch of medical isotope use. As can be 

expected, the short space allows .only a brief outline of the young but 

.promising infant with its many developmental problems e.g., collimator 

shape and material, recording:and print-out systems, and incorporation of 

isotopes with suitable gamma spectra into chemical compounds that will 

concentrate preferentially in cancerous tissue. The clinical part con-

cludes with chapters .onthe use of isotopes .in dilution studies, organ 

function tests, autoradiography, and therapy. The second half of the 

book contains basic information about physical processes and instrumen-

tationnecessary for sensible performance of the previously described 

clinical procedures. 

In summary, King and Mitchellfs manual is intended for the training 

,of physicians and medical students who wish to use radioisotopes in 

diagnostic work. For that purpose the book is admirably suited and 

can be ree:ommended very highly. 

H. B. Gerstner,: M: ... D. . " ,. 
Oak Ridge .Insti tute'·ofNucl:ear. 'Studi es 
Oak Ridge, Tennessee 
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Ktinstliche Radioak-cive Isotope in Physiologie,Diagnostik,und.Therapie 

(Artificial Radioactive Isotopes in Physiology, Diagnosis, and Therapy), 

ed. by H. SchwiegkandF. Turba, with 83 contributors. .2d ~d. Springer

Verlag, Berlin, 1961. Vol. 1, ,1327 pp.; vol. 2, ,1248 pp.. Set only, 

DM 398. 

The two volumes :of this publication .are . divided into three parts. 

Which cover, respectively, properties :of isotopes :and basic ·information 

needed in .isotope work; the use of radioisotopes :in'physiology,pharma

cology, a.nd diagnosis (with an.introduction by Von Hevesy);: and radio

isot.ope therapy. Isotopes 'of some 50 elements are considered, .with .about 

half the chapters in German, one in French,.and the rest .in·English. 

A few of the radioisotope tracer studies discussed are metabolism of fats, 

proteins, sugars, .and various derivatives; synthesis .of biological com

pounds; metabolism:in bones :and teeth, .mitochondria, and microorganisms; 

action' of viruses , vitamins,. hormones, a.nd enz~es; and research in 

genetics, immunology, ,and.photosynthesis. Clinical uses of isotopes 

.discussed include diagnosis 'of tumors :and of various conditions by 

labeled .vitamin ~12; treatment of polycythemia vera and thyroid condi

tions; intracavitary irradiatron; hypophysectomy; and methods :of applying 

radioisotopes. Isotopes discussed for therapeutic uses include -not only 

the well-known ones such as' Au198 , 1131, and p32, but also the less com

monly used ones such ·as As76 and Ga;72 •. Each chapter is extensively 

documented. A 270-plge .index is included .in vol. 2 • 
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Diagnostica e Terapia con ,i Radioisotopi, P. Bastai, L. Antognetti, 

G. C. Dogliotti, G~ Monasterio; coordinated by B. Bellion. 43 contributors. 

Edizioni Minerva Medica, TUrin, Italy, 1962. Produced under the auspices 

of the Italian Society for Nuclear Biology and.Medicine. 945 + ix pp. 

(in Italian). L.13,OOO. 

The four parts .of this beautifully printed one-volume book provide 

basic information·on radioisotopes and describe diagnostic and thera-

peutic applications. In the first section .are included the elements of 

nuclear physics .and basic principles .of activity measuring. Especially 

useful are tables such as those showing the radiation dose toa patient 

in various diagnostic tests and the penetration ,of Co60 and Cs137 ra

diationfrom teletherapy sources; the outline of methods for preparing 

isotopes; and the detailed instructions, with photographs,for handling 

radioisotopes. Chapters on:lesions resulting'from excessive irradiation, 

protection from radiation, and Italian legislation in this and related 

fields will be of interest to the industrial physician .and health 

physicist. The mathematical discussion .of tracer equilibrium and 

descriptions of detection methods are probably most applicable in 

testing new isotopes ·or finding better 'ones for specific purposes. The 

discussion of autoradiography is of general interest. Of special 

interest to the practicising :physician are the.last two sections, where 

diagnostic and therapeutic applications for most .of the body organs and 

tissues and Co60 and Cs137 teletherapy are discussed in detail. 

The book is extensively documented and.is illustrated with both 

diagrams and photographs, including 'some in color • (M.G. ) 
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. tes isotopes radioactifs 'enmedecirtie, . M. de Visscher 'and C. Beckers. 

Albert.de Vi~scher~Editeur, Rhode -St ,Genese, Belgium (obtainable from 

Gauthier-Villars &Cie, -Paris), 1961 •. 166·pp. NF'13. 

In the preface, Dr.M. Tubiana, Professor of the·University 'of Paris 

Medical School, says, u(The authors) have succeeded in writing a book 

where the specialist will find many useful data and the nonspecialist 

,can become educated without becoming confused. II The 'French ,is very easy 

reading for an 'English-speaking .scientist who . knows only a ,litt,le French, ' 

. and a non-nuclegr :physicist considering the use of isotopes will find the 

'first two chapters a convenient compilation of information needed for 

understanding radioisotope applicat.ions. .Most ;of the actual medical ap

plications discussed are fairly well established ,ones. The basis for 

their adoption is explairied, which should help a newcomer to the field, 

but they are not documented. 

In the basic infqrmation section are elementary discussions of 

atomic struct~:e, radioactivity, and half-lives and an explapation .. of 

tenms. The:principalisotopes 'used . biology ~d medicine are listed, 

with their haift-li ves and f3 :and y 'energies ,and .basic . principles of such 

equipment ,as ionization chambers, Geiger counters, and scintillation media 

are explained. Medical applications scussed .include the use ·of tracers 

for stud.ying :blood components, circulation, digestion, water, electrolytes, 

and thyroid function and in turner diagnosis'.' . :'Radioisotopic therapy in 

hyperthyroidism.and thyroid cancer, in polycythemia vera, chrqnic leu~ 

kemia, and lung ,cancer 'and in relievingfheart conditions is described. 

(M.G.- ) 
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Dans la preface, Ie docteur,M. Tubiana, Professeur Agrlge~la 

Faculte de Medecine de l'Universite de Paris, dit,«~es auteurs] ont 

reussi ..• a ecrire un livre 'ou Ie special'iste trouvera un grand nombre 

de donnees utiles et ou Ie non- spe'cialiste pourra: sans etre 'reb:ute~s t ini-, 

td.:er,~" ces ,methodes. ) ) Certainement, beaucoup d f information est con-

tenu dans Ie livre.. Pour l,e noviceil-y-a un discussion de la structure 

du noyau atomique, de la d~croissance radioactive, et de l'activite sp~-

cifique. Pour l,e travailleur 'scientifique il-y-a we liste convenable 

des principaux radioel{ments utilises en biologie etmedecine avec 

leurs periodes de <;lemi-vleet leurs energies de f3 et 10 

/ ' 

,Bienque ce petit livre nfestpas documente, il forme un excellent 

precis delfutilisation des radio-traceurs dans It~tudedes maladies 

du sang, de la circulation sanguine, de la digestion,et .de ,l'absorption 

intestinale, de l'eau et des electrolytes"l'exploration de la fonction 

thyroidIenne, Ie diagnostic des tumeurs et ,1 'application des isotopes 
/, 

radioactifs ,en therapeutique. 

Le livre ne presente pas trop de difficultes pour Ie technicien 

de langue anglaise qui ne parle pas beaucoup de franc;ais • (M.G.) 
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Experimental Nuclear Chemistry, Gregory R. Choppin, Prentice-Hall, 

Inc., Englewood.Cliffs, N.J., 1961, xi + 226 pp., $10 ($7.50 as a 

textbook) • 

The author, one of the co-discoverers ,of element ,101, 'mendelevium, 

is now Associate Professor of Chemistry at ,Florida State University, 

Tallahassee, Florida. This book was prepared for use .in .a course which 

he teaches at that university. In the preface he thanks his students 

who helped him udebug" the experiments before they were published; 

therefore, the 40 experiments should be well tested. 

Experimental Nuclear Chemistry can be used in many different 

teaching situations. It ,is suitable for a course .in isotope techniques, 

or several experiments r-rom It can be used to enrich traditional 

courses. In the preface the author states his .aims: 

"The non-nuclear chemist is often reluctant to use radioisotopes 

in his re'search, 'because of the idea that· their.us·e :involves 

extensive revision·of techniques, and extreme care in handling. 

There are special problems involved, but it is hoped that·a dis

cussion :.of their nature will help to reduce them. Some familiar

i ty--'Wi th the great advantages of radioisotope use, coupled with 

intelligent awareness of their unique safety requirements, can 

only promote a much more extensive employment of radioisotopes in 

all areas 'of science. For the student who is contemplating, or 

who has already decided to work in the area of nuclear science or 

the atomic energy industry, .a thorough knowledge of the physical 

and chemical techniques involved .in this field is essential. It 

.is the authorts hope that this book will encourage the use .of 
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radioactive isotopes in scientific research." 

There are several very attractive features of the·book. (1) An 

entire ch~pter in a prominent place (Chapter II) is devoted to radia,t,ion 

safety; (2) the last five chapters provide a wide variety of material 

from which the student (or the instructor) can choos:e that which . most 

nearly fits the need; (3) Appendix A suggests special projects that the 

student can do to further enrlchthe course; (4) most of the experiments 

can be done with . license-exempt quantities o{isotopes; (5) a good 

bibliography is provided. 

Appendix ·B· ·on • licensing regulations and sources of isotopes could 

be misleading to a .student or teacher inexp.erienced' with :isotopes. 

AlthoughOa,;k Ridge National Laboratory sells license-exempt quantities 

of radioisotopes, it,is not the·:rnost convenient or economical source 

for these small amounts. Also, The Isotope Index is probably a more 

complete source of information on cOnlme~cial isotope venq,ors than the 

. Nucleonics Buyer f s Guide Edition suggested in the Appendix. 

This book, Which was also· reviewed by J. W. Cobble of Purdue 

University in Journal of Chemlcal Education for Januaryl963; is an 

excellent addition ·to the textbooks designed to teach nuclear labora

tory techniques. 

(RHL) 
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. Adventures in Radicisot'cpe Technolcgy J Gecrge Hevesy J . Pergamcn 

Press, New Ycrk, .1962, :1074 pp., $30 fcr the set. 

If ycu had to. chocsecne man as the father·o.f isctcpe technclcgy, 

there cc'C!ld .be ·cnlYdcne·lcgical cho.iee .-- Gecrge Hevesy. To. give his 

reccrdcf first acccmplishments is to. give a .histcrycf isctcpe uses: 

usecf a radioisctcpe as a tracer in incrganic wcrk (1913, 

sclubilityof lead sulfide and lead chrcmate) 

use ·.cf a radicisotope as a tracer . in botany (1923, . lead .in the 

hcrse-bean) 

usecf a radicisctcpe with an .animal (1924, bismuth in the 

rabbit) 

use of a stable isotcpeas a .tracer in biclcgy (1934, ,deuterium 

in man) 

use cf an artificial isctope' inbiclogy (1935,p32 in rats) 

making cf aneutrcn :activaticn .analysis (1936, rare earths) 

These two. vclumes ,contain'lOO cf.Hevesy's·papers (all translate,d 

int9 English) . on the .. use cf radicisctopes,. and edited as they are, they 

make afascin,ating scientific autcbicgraphy. By putting papers in 

subject categcries and c.cinmenting cneach grcup as a whole , .the 

authcr is able to. giveacchesive account ·cf his scientific accomplish

ments. 

The bcok cpens wi tha 'short ,autcbicgraphical paper "which was 

criginally published',.in.Perspectives in Biclcgy, and .Medicine. This 

paper helps to. place th.e scientific papers in their 'prcper historical 

framewcrk •. The bcokends with three lectures: the·lecture he gave .cn 

receiving the Nobel Prize in December'1944 and twc·lectureswhich he 
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gave some time later. . ."These three lectures summarize his scientific 

accomplishments .and round out the book. 

This is not a book (or really books) that one can sit down .and 

read through -- rather it can be browsed in, read .one subject .at ,a 

. time, or ·used as a reference book. Because of Hevesyf s tremendous 

breadth of interests there ,is something here for everyone -- biologist, 

phys,icist, chemist, or medical doctor. 

It ,seems api ty t.o complain about anything . in reviewing a book as 

valuable as this; ,however, I have two criticisms. Fi.rst, the comments 

after each section, which contain some, of the best human-interest-type 

inf ormation in the book, are too short. They whet your appetite for 

more. For example , in 'one comment Hevesy tells that the, 600-mg radium

beryllium source he used to make his p32 w~s'loaned .to him by Professor 

Niels Bohr who had receiveqit 'as a present on his fiftieth birthday_ 

Second, while using this bookfbr bibliography sources in writing 

other parts .of this review, I found several incorrect references 

apparently resulting from careless proofreading. In .spite .of these 

two relatively minor faults, t4is is a worthwhile bookand.highly 

recommended for anyone interested in isotope technology. 

(RHL) 
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Radioactive Is.otopes in Biochemistry. By Engelbert Broda, 

Professor of Chemistry, University of Vienna (Austria). D. Van Nostrand 

Company, Inc., 120 Alexander Street, Princeton, New Jersey. 19600 

This book is a remarkably concise survey of principles of method-

ology in·the use of radioactive tracers and th~ir 'application to 

selected problems in biochemistry. The author avowedly makes no pre-

tense to completeness in any direction. The admitted deficiencies in 

detail are compensated for to a .1arge extent by more than 3200 refer-

ences .to the original literature, including:many of the.1atest pertinent 

papers. 

The first third of the text is devoted to eight chapters :dea1ing 

with radioelements in biochemistry, principles of radiochemistry, radio-

synthesis, isotope effects, radiation chemistry, radiation biology, 

protection against.radiation,and measurement .of radioactivity. This 

is followed by two chapters on the application .of radioactivity to 

analysis of living matter and absor~tionand excretion of elements. 

The last half of the book entails ~ix well organized chapters on 

the principal problems and special topics in intermediary metabolism. 

The English translation reveals a sound grasp of and. a feeling for 

both the original German .and English idiom. 

Leon L. Miller 
University of Rochester 
School of Medicine and Dentistry 
Rochester 20, New York 

(Reprinted with the kind permission of the editors of the Journal of 

the American Chemical Society.) 
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Radioisotopes and Bone. Edited by P. Lacroix and A •. M. Budy 

under the direction of F. C. McLean. F. A. Davis Co., Philadelphia 

(Blackwell Scientific Publications Ltd.), 1962, 522 pp. $15.00. 

The symposium, held.in Princeton, N. J. in 1960, was organized by 

the Council for Inte.rnational Organizations of Medical Sciences, under 

the joint auspices of UNESCO and WHO. The 27 acti vepart.icipants 

represented six countries. 

In his introduction, MCLean states that nearly all the uses that 

maybe made of radioisotopes in this field.are illustrated in the 26 

papers presented. Among the investigations reprinted are those on such 

widely diversified subjects as teeth, bone tumors, bone grafts, para-

thyroid action, rickets, and calcium metabolism, some in vivo and some 

. "t Th d" ° t °d d p32 S 85 S 90 C 45 C 47 1n V1 roo e ra 101S0 opes conS1ere ·are ,r, r, a , a , 

S35 H3. C:14 N '.22 N '.23 N-· 24 1131 K42 B th f 1 d th , , ,<a, a , . a, , . 0 0 orma papers an . e 

discussion that .fo~lowed are included. 'Abibliography at the e~d' has 

some 450 entries. (M.G. ) 

BOOKS RECEIVED BUT NOT <REVIEWED IN . THIS ISSUE 

Radioactive Isotopes in Medicine and Biology: Medicine, S. Silver, 

Lea & Febiger, ,Philadelphia, 1962, $$.00. 

Radioactive Isotopes in Medicine and Biology: Basic Physics .and 

Instrumentation, E. H. Quimby and S. Feitelberg, Lea &.Febiger, 

Philadelphia, 1963, $8.00 

Le cesium-137 in teIetherapie, R. Amalric and J. P. Vigne, 

Gauthier-Villars, Paris, 1962, NF20. 

La Telecobaltherapie en cancerologie, H. Pourquier, ,Masson .et Cie, 

Paris, 1962, NF 60. 
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• Telecobaltoterapia, G. Pfsani, C. Cort.issone, G. Savino, 

A. Malaspina, Edizioni Minerva Medica, Turin, 1962, L 5000. 

Progress in Radiation Therapy, Vol. II, F. Bus chke , Grune & 

Stratton, New York, London, 1962, 266 pp., $12.50. 

Immediate and Low-level Effects of Ionizing Radiations, 

A. A.. Buz:zHt.i.~Traverso, Taylor & FranGis, London, 1959. 

Radiation Biophysics, Howard L. Andrews, Prentice-Hall, Inc", 

Englewood Cliffs, N. J., 1961, 328 pp., $11.65. 

Radiation Therapy, Walter T. Murphy, W. B. Saunders Co., 

Philadelphia, Pa., 1959, 1041 pp., $25.00. 

Basic Principles of the Tracer Method, C. W. Sheppard, 

• John Wiley & Sons, Inc., New York, 1962, 282 pp., $8.00 

International Directory of Radioisotopes, International Atomic 

Energy Agency, Johannes Kmoch, Vienna, Austria, 1962, 700 pp., $9.00. 

Principles of RadiOisotope Methodology, G. D. Chase .and J. L. 

Rabinowitz,. Burgess Publishing Co., Minneapolis, Minn.,. 1962, 2d ed., 

372 pp., $6.00. 

Advances in Tracer Methodology, Vol. 1, S. Rothchild, Ed., 

Plenum Press, New York, 1962, 332 pp., $12.00. 

Advances in Nuclear Science and Technology, Vol I, E. J. Henley 

and Herbert Kouts,Academic Press, New York, 1962, 355 pp., $12.00. 

Les Applications Industrielles des Radioelements, A. ·Blondel, 

R. Colas, R. Cornuet, R. Hamelin, A. Kohn, A. Lamm, P. Leclerc, 
~ A . , 

P. Leveque, M. Quesson, R. Rabot, P. Rochas, J. Thiery, Editions 

• Eyrolles 61, boulevard Saint-Germain, Paris, 1962, 352 pp.o, $9.30. 
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Radioisotopes in the Physical Sciences and Ind'Q.stry III, 

International Atomic Energy Agency, Globus, Druck- und Verlagsanstalt, 

Vienna, Austria, 1962, 640 pp., $8.00 • 
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General Electric has established a new Irradiation Services and Pro-

ducts Section in its Atomic ~ower Equipment Dept. to meet the growing de-

~mandfor radioisotopes and irradiation services. With headquarters at 

Vallecitos Atomic Laboratory (Pleasanton, California), it will offer a 

,.complete range of nuclear .irradiation services, including production of 

" radioisotopes. 

, Union Carbide Nuclear Co. has announced that intere.st in isotopes is 

sufficient to encourage the company Uto become a major producer of iso-

,t,opes and to provide consultation. and services in radiation application 

problems. fT. They are now supplying numerous routinely used isotopes and 

have .indicated that they can prepare others in bulk quantities or as 

.special materials. They also plan to quadruple their neutron-activation 

analysis business. 

In February, bacon became the first food to be approved by the U.S. 

Food and Drug Administration for radiation sterilization. The bacon, 

which is' irradiated in cans with 4.5 megarads from a Co60 gamma source, 

will next be, tested under arctic and tropical conditions. Some tw'enty 

other foods 'being studied for 'such processing include chicken,ham, 

potatoes, shrimp, and oranges. 

In the meantime, the USAEC is negotiating with Stone &, Webster to 

b'Uild the first seafood products irradiation pilot plant, at Gloucester, 

Massachusetts 0 The $600,000, plant, with a 300 .. kilocurie Co60 gamma source 



• 
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and a capacity of 1 ton/hr, will be used to demonstrate .the-feasibility of 

radiation.pasteurization of seafoods. The AECls 1964 budget includes 

$350,000 for a transportable Co60 irradiator for field studie~ with fruits 

and $200,000 for a grain-disinfestation pilot plant. 

A Co60 irradiation plant has been opened in England by Johnson IS 

Ethical Plastics Ltd. for sterilizing plastic disposable syringes. The 

source initially is a 50-kilocurie unit, but the design is for 250 kilo

curies. 

Export of radioisotopes will bestmplified by recent amendments to 

AEC regulations. A general license one for which no' application to AEC 

is required -- has been established to replace the specific license for

merly required for the export of certain forms of moderate quantities of 

tritium and,_polonium •. Use of these isotopes, which is widespread and 

considered safe in the atomic energy industry,' will be subj.ect to the 

radiation' safety laws and regulation'sof the' countries to which they are 

exported. 

The sale price of heavy water has been cut from $28 to $24.50 per 

poundf.o.b. Savannah River Plant, Aiken, .S. C. The base charge for 

leased heavy water has also been cut to $24.50 for leasesithat do not 

have a fixed base charge. Further price cuts will be considered if com

mitments from customers require operation of the heavy water plant at 

increased capacity • 
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Oak.Ridge National Laboratory ha~ 99-99% Ne20 available for routine 

. sales- ·.In .. March ... 1963, concentrates of the mid-position isotopes, 10% Ne21 

and. 4% Ar3$, .. b.ecame av.ailable in. very. limited amounts .. 

Dr. Mart,in D. Kamen, co-discoverer of' C14, gets the nod for the 

.Am~rican :·Chemical Society award for Nuclear .Applications in Chemistry 

$ponsoredbyNucle.ar""lChicago Corp. Dr •. Kamen is Professor of Chemistry 

at .the University of' California, San Diego .. 

Theconsultat.ive committee for Eurisotop, the Euratom Information 

Bureau, held its first meeting in November. 1962. A major to;pic of dis

cussion was how to provide information on radioisotopes nQt >only to the 

general .. public but t.o· profess.ional circles that may benefit from using 

.them.Suggestions offered included traveling exhibits and television 

programs'. 

The AEChas executed agreements with Kentucky, Mississippi, Cali

fornia, New York, and Texas for transferring to the states some of its 

regulatory,re,sp,onsibility for licensing, .. rule~~making, and enforcement in 

the uses of radioisotopes. A similar agreement· proposed by Arkansas is 

being considered • 
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