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sessees...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....ccvcvevevesconrennnnns

Professor Perrin

Frénch 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 Photo
review journal as a means of keeping our A. M. Weinberg

-exploding scientific literature from en-

gulfing us. To quote from this report,

"Because there are so maﬁy technical re-

ports, and most of them are unrefereed and of uneven quality, reviews
- ofitechnical reports can be particularly useful as discriminating
guidesbto the literature. The reviewer of the report literature must
not only tell a coherent story; he must also serve as referee, weeding
-out what he beiieves to be wrong fromvwhat he believes to be right.
Méreover, to make his review fully usefﬁl he musﬁ cover relevant open
literature."

"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
interested in isotopes and radiation technology owe a debt of gratitude
to Dr. Baker and his staff for undertaking the onerous but useful tésk
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 of

DePauw University with an AM from the Photoi

University of Arkansas, and a Ph.D. in .P. S. Baker
Inorganic'Chemistry from the Univgrsity |

of Illinois, Baker has had.industfial

experience with Dow Chemical Company,

thé Institute of Paper Chemistry, and

Pan A@erican Refining Corporation (now. American 0il Co.). He taught
chemistry at the University of Vermont and at Bradley University, Peoria,
Tllinois.

Since 1952, he haS'Eeen on the staff of Oak Ridge National Labora-
tory, for five years as a Head of the Chemistry Departmenf,of the former
Stable Isotopes Division and.then,successively,as Superintendent of theb
Electromagnetic Separatidns Départment, Superiﬁtendént of the Isotopes
-Sales Department, Supexintendent,bf the -Advanced Isoﬁopes Development
Depértment, and presenély‘aé.Assistant Superintendent“of,thé Isotopes
DeveloPmenﬁ Center. He haé had considerable experiencé as writer and
editor’in'fhe isotopes field/and'is well qualified to head up the new
. Journal. He will specificall& handle the sectionzoh'industrial Appli-

cationse.

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 fermenﬁation,

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 Chieagd,_where
his nuclear training started. Since

. . ) .Photo -
‘then he has been closely associated with

. A. F. Rupp
design and engineering of many systems
and,processes,for‘handling radidisotoPes.
He has been a.prime mover in the effort |
to produce and marketAradioiéqtopes:~-
both reactor~produced and frqm f§SSion prodﬁcts;-- for peacetime uses,
having supervised and designed many procedures er~processing,thése
isotopes. His concepts for isotepe proéessing,,for wasté management,
and for:control of contamination are in use throughout thewworld.

For séveral years Rupp was Diﬁectoerf the Operations and Isotopes
Divisions of ORNL; sihce 1957 * the ORNL: Léboratory»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.D.

- ' L . . Photo
from Cornell University. After two

: - R. H. Laffert .
years of teaching at Lehigh University, af erty, Jr
he joined the staff:of the Kellex Cofpo—

ration as a research chemist, and in

1945 was employed by Union Carbide

Corporation's Oask Ridge Gaseous Diffusion Plant. - After several years
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as Head of the Analyticaivand fiuorocarboﬁ Section of the Chemical Research
Department, he b;came>techﬁical aSSistantvto the Superintendent.of the
<Technical Division and began to assumevdutieSrwhich~h§verbecome his assets
”in‘his~présent.p0sition. He~wa§ résponsible*fér;coordinating{the prepara~
tion of the ORGDP quarterly report, an&,fevieﬁed éybmissionS‘for»techniéai
accuracy, format, and classification. He‘was:secretary;éf aujoint.Carbide-
'4Goodyear~committee; of which A. F. Rupp was co-chairmaﬁ,,that,waS‘set.up“}
-to study the prevention aﬁd ﬁahdiingfof'various'kindS»of:fadiaﬁion~emer-
-gencies. As a Résﬁbnsibie Reviewérlfor the AEC, he,has‘had”considerable’
rexperience in sufveying,gndjevaluafingfteéhnical litérature;and as>a .
‘member of the ORGDP Classification Commitfee,.he éséisted in- the prepara-.
tion Qf,éeveral classifiéation guides.j Lafferty wiil direct much.of ‘his

-attention toward covering'theurésearch applications of isotopes.

.Martha W. Gerrard. The distaff '

member - of the editorial group is a
graduate of‘Agﬁes*Scott College,. Decatur, = ;Photo
Ga., with-an M.S. i‘n '!Chemistry “from *cheg Martha Gerrard
University of Georgia and sdditional
gradgaﬁe work‘at éornéll ﬁhi&ersity.
Wit@:aubent,towérd the-biomeaical
,appiications, éhe:rounds out<the teanm.

After<thrée~years a§~iaboratoryfteéhnician,and £eacher-a$ the Univer-
sity of Georgia School of‘Medicine, Martha. started sﬁecializihg.im‘techni-

cal writing and editing. She worked with McGraw-Hill Book Company as
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editor>for»chemistry‘énd physics‘books,,particularly,the'Nationél Nuclear
Energy Series. Since 1950, she has been with Oak Ridge National Labora-
tory as a technical editor in the Chemical Technology Division. She
took time off in 1958 to go to Genevé as an editor -of the Proceedings

of the Second United Nations International Conference on the Peaceful
Uses.of Atomic Energy. ©She-is an avid linguist, abstracts for Chemical
Abstracts in English, Rgssian, French, and TItalian, and can manage |
Spanish and German in familiér-fields. Aévyou might guess, she will be
helpingus a great deal with foreign literature, as well as handling

the sections on agriculture, biology, and medicine.
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A new Quarterly Technical_frogress Review, "Isotopes and Radiation
Technology," was approvéd by the U. S;:Atomic Energy Commission‘iﬁ 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 AEC's 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
which 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 thefe are -already more publications than can pos-
sibly be assimilated,. one can reasonably ask, '"Why another one?" The
answer ‘is straightforward. The editors bélieve that they can enhance
the value of existiﬁg publications by making reference to‘many articles,
journals,_and books; by correlating, summarizing, and evaluating the
present -efforts; and by presenting up-té-date critical review articles
which~include copious reference>material as additiongl 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 work on -isotope applications; by publicizing present applica-
tions, it can help to expand the ﬁtilization of iéotopes; and by helping

the Commission and contractors to keep abreast of related activities on



a worldwide basis, it can‘hélp prevent'oveflap‘of research effort and
can aid.invpredictingiisotope usage so as to point the direction for
the isotope production efforts.

"Isotopes and Radiation Technology" is a technical progreSS»reView.
Evén guest articles will be of a review nature.®¥ The editors and the
AEC have no intention .of duplitating the present efforts of commercial
publishers«ofvabstract,journals and periodicals covering original re-
search, and overlapping will be avoided. Books, monographs, and bibli-;
ographies that are considered pertinent to the areas routinely 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,,agricultufe, 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 oﬁher gpvernment
.agencies, -with particular emphasis on Brookhaven National Laboratory's
High Intensity Radiation Development Laboratory.

As tiﬁe and available personnel allow, the-editofs hope to be
able to include worldwide covérage through;liaison-with’approfriate
personnel in the IAFA and atomic energy establishments around the world.
International cobperation.in this respect 1s certainly highly desirable.

It is realized that during the early period of "growing pains"
ad justments will be necessary. We shall leave'uﬁdone manybthings
which we ought to have done and will .do some things we ought not to
»have done. Our references to relevant textbdoks, articles, and authors,

for example, will be incomplete for -lack of time and manpower. ,In.any

*e.g., see report by G.;H;LCartledge on technetium in this issue, p.
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case, the ultimate success of the review will aepeﬁd upon its value to
the readers; a,littie‘time and experienée will be needed to evaluate
thié. Therefore, we shall make ﬁo'attempt to fix the format of the
quarterly at the present time, and the editors will be counting heavily

on reader criticism and suggestions to help them out.
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Recent.publicityl has
pointed out that one of the most
Ainteresting'propefties of tech-

Photo
netium is the "anticorrosive"

_ ‘ G. H. Cartledge
characteristic of its pertech-
netate ion, Tcoh-.'rG. H.
Cartledge of ORNL, who has pioneered in this field, has
written the accompanying article to bring us up to date oﬁ
bthé status -of the theories behind this particular use of tech-
netium.

Technetium waS'notédiscovered until 1937, although many
investigators, starting:with Osann and hiSv"polihium" in 1828,
claimed to have isolated.it'.2 However,;iﬁ 1937 Perrier and
Segré irradiated molybdenum in a cyclotron and reﬁorted Tc95m
'and.Tc97m with half-lives~of 80 and 90 days; respectively.5
More recentlyiTc99, with a half-life of 2 x~105‘years, has
been isolated from-fission-pfoduct wastes. ‘A few years ago
it was priced at from $2800 to $1600 per gram, depending upon
quantity, but can nowfbe purchased from the Isotopes Sales
Department of ‘ORNL for less than $100 per gram.

Other applications of technetium include its use in
su.perconduc’cors,)'~F and it is being considered for catalysis,
.as an anticorrosive agenp in high-pressu;e boiling'ﬁater

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

radiation for radiography.



INHIBITION OF CORROSION BY‘THE PERTECHNETATE ION‘
| G. H. Cartledge
Chemistry Division
Oak Ridge National Laboratory
\Experiments'have démonstrated that»very effective-iphibition of

the Corrosion of iron and:eteel can be echiéved withviow concentrations
- of pertechnetates ondervsuitable conditions. 'Whereas‘there may be spe-
cial circumStances in.which fhe inhibitor may finovpracfical application,
its radioactivity and:coet musﬁ,neeeSSarily restrietfifs widespread use.
There is need, however, foryfurther inveStigation of possibilitiee of
using it‘in protective ooatings‘or similar applicatiooe?»and also of
its relation to'the corrosion of nonferrous metals. The distinctive
‘ properfiee of technetium eompouhds make . the eleménf an excellent new re-
search tool. and different;ate it eharply‘from chromium, which forms the
inorgenic compoonds soiextensivelygosed as inhibiﬁors,

Properties of Technetium Compounds Related to Inhibition

A comprehensive review of the chemistry of technetium has oeen pub-
lished receritly,5 but . the following comparison with the chemistry of
chroﬁium;will suffice to illustra@e the differences that are significant
for’studies in inhibition.
| The important valence states of chromium and technetium are Cr(VI),
cr(III), Tc(VI¥), and Tc(IV), respectively. Theibivaient chromate ion
has basic and buffering properties: ’

HCrO == H' + 00, (K = 3.0 x 1077),
whereas the univalent pertechnetate ion derives from a strong acid and

lacks buffer capacity. When used at 102 f concentration and pH 6.0,



the respective reversible electrode potentials are:

+ HEO;.Eh = 0.59 volt (2)

= + -
Cr0,~ + SH + 3e - Cr(OH)5<ppt)

and

Tco)” + LW + 3¢ - Tc(OH)h(PPt); E, = 0.20 volt. (3)
Polarization measurements at a passive iron electrode indicate that the
exchange current density of the pertechnetate electrode under £he-con-
ditions specified above 1s several orders of magnitude gréater than
that of the;éhromate electrode. Unlike the chromate ion, the pertechne-
tate ion does not oxidize ferfous ions in weakly acidic solution,
although~it,is effective in ihhibition under the same conditions.
Oxidation does occur, however, in alkaline solution.

The long half-1ife of Tc99 (2.15 x'»lO5 y) and its 0.29-Mev beta
radiation make it -eminently suitable for tracer of autoradiographic
techniques. At the low concentrations required in studies of inhibi-
tion the radiation haéard is 6f no consequence. The strong absorption
bands of the aqueous pertechnetate ion at 2440 and 2875 A are very use-
ful for analytical purposes, the extinction coefficientsAﬁeing 6080 and
2510, respécti#ely. The best value of the ratio of tﬁese coefficients
is 2.65, and this.is a useful test of the purity of pertechnetate sblu-
tions. The only electrode potentialythat has been directly measured6 is
that of the couple, |

TcOu- + b 4 %6 o Tc(OH)u(ppt); E = 0.738Vvolt; (4)
Other'impbrtant measured or calcu;ated qpantiﬁies are:7
Solubility of KTc'olF at 2530 = 0.1057 M
§° for TeQ)~ = k7.9 + 0.3 e.u.

Q§ for Tcou(aqy'z'-75.5 €.,



-3 = o ) N
AF° for Tc(OH)h(ppt) = -202.3 kcal/mole

AH® for TC(OH)h(ppt) = -246.3 keal/mole a

Technetium is recovered from fission products by solvent-extraction
procedures and converted to the éalts-NHuTcOhrand KTcOMfSVMetallic tech-
netium is obtained in the form of powder by a two-stage reduction of
NH, Tc0), by hydrogen. In the first stage, TcO, is producéd at 200°C,
and this is converted to metal at 700-800°C. The powder may be melted
in an induction furnace (m.p. 2150°C). A few Fe-Tc alloys have béen
prepared for metallurgical and electrochemical study.

Studies of Inhibition

When iron or low-carbon steel‘ié immersed in a solution of potas-
sium or ammonium pertechnetate at a pH of 5 or Higher, there is an
initial reactioh wherein the inhibitor ion-is reduced with.formatioh-of
a film éf mixed iron and technetium hydroxides. The extent of this
reaction depends somewhat on the composition and surfacé»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 prdduced. The precipitated Tc(OH)h may be reduced to
"much less thqn 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
steel have been immersed in a 5 x'lo-h-ﬁ 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 at 95°C, and then slowly fell about 10 percent owing to



reoxidation of Tc(OH)h by oxygen. After the activity leveled off, the
counts on one specimen showed the preseﬁcé of 0.146 £ 0.005 pg of tech-
netium on 4 cm2 throughout the long expefiment. The surface of the |
specimens is still bright, the solution is

clear, and the weight.is unchanged within

0.1 mg. ORNL Fhoto

The film of reaction products first 10803
formed}is not sufficient for maintaining
resistance to corrosion, however, even:
when heavy deposits are induced. Sdmé minimum éoncentration of pertech-
netate ions must remain in contact with the metal for-inhiﬁition to per-
sist. This seems to be about 5 ppm of Te (5 x 1077 £ Tc0,”) with
electrolytic iron and somewhaﬁ'higher with carbon steels or cast iron;
Tests demonstrated that the perrhenate ion, Reou', ﬁhich.is similar
in charge, size, and geometry, had no inhibiting properties at any con-
centration at temperatures between 5° and 95°C. ‘In order to determine
whether the radistion or radiolytic products from technetium were in-
volved in its action, a radioactive form of the perrhenate ion was pre-

186,188

pared containing Re When this was used at a -specific activity
corresponding fo that of the inhibiting pertechnetate solutions, there
was still no inhibition.

That adsorption is ianlVed.in the overall corrosion-inhibition
process waé indicated by experiments in which foreign ions, such as
sulfate, were added to inhibited systems. It was shown that all the

n-

X0), inhibitors fail when the added ions exceed some concentration,

which increases as the concentration of inhibitor is increased.



The failure of the pefrhenate ion to inhibit)corrosion ié particu-

- larly significant for adsorption theories, since it is externally similar
to the pertechnetate ion. Since the electrochemical polarization theory
ascribes the inhibiting properties :of chromate and, presumabiy,.pertech-
netate ionévto their reducibility, polarization measurements have been
.madé to determiné the relative‘rates of reduction of oxygen and reducible
inhibitors‘on a passive iron electrode. Experimental results?-for
‘oxygen, technetium, and two otherbinhibitors'(Fig} 2) show that the only
inhibitor that exceeds oxygen in its rate of reductionfat potentials in
the neighborhooed of the Flade (passivating) potential is OsOh. These
measurements disclosed an interesting feature of the-electrodes exposed
to pertgchnetate ion and osmiim(VIII) oxide. ‘Inlboth cases, the re-
duction -products, Tc(OH)uAah&”Os(OH)h, accelerated the cathodic process,
‘;whether‘oxygén-or'inhibifbr‘was~being;reducéd. The -data from an experi-
menfy%nvolving‘reduction‘of pertechnetate ions (Fig. 3) again show the
favorable properties of technetium compgunds. Any TC(OH)M cathodically
produced on the surfacé may be removed eagily'by brief anodic polariza-
tion so that ‘effects associated with its presence may be identified.

Theories -of Inhibition

In modern studies -of the mechanism of corrosion andAits_inhibifion,
the radioisotope principally used has been Crsl with a 27.8-day half-
-1ife. This nuclide has been used, for example,.in studies of the com-
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, ittis largely‘around this ion that

theories of the action of such inhibitors have been developed.



| These theories have considered rather varied conceptions as to the
function of the inhibitor, the simplest 5eing that the buffering and
oxidizinglproperties‘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. Evans;%lwho advanced this hypothe-
~8ls years égo, 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 td anodic dissolution which is interposed by
whatever species is preferentially adsorbed on fhe metal surface from
the solution. Tf‘this is water or hydroxide ions, emerging ferrous
ions first meet the oxygen (negative) side of the adsorbed layer and
further miération-is iﬁpeded by the more remote (positive) side of the
layer. Protons are then ejected aﬁd carry the‘anodic'current:awéy from
the surface, leaving an oxide film thét-ﬁay 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 nitronium ion, as in crystalline.N02+ClOA-. Both Uhlig at M.I.T.
and Kolotyrkin in Russia have 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.

Another theoryl§'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



~are assigned to the inhibitor other than,its}oxidation—réduction,poten-
tial and exchangé current density. Although thié'explanation may suffice
in particular cases, it takes no-accoﬁnt of specific interactions between
the surface and aqueous ions:or moleéules which certainlyvafe present.
Nor does the theory explain how certain nonoxidizing'inhibifors‘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.Whyi oxidation and buffering do not appear
sufficient as a general explanation of inhibi’éiorij.'5 Furthe?, the ideas
regarding surface effects of adsorption were unable 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 .led to %he suggestion
that the differentiafion-must_Iievﬁithin the ion, rather than depend
upon its gross charge, size, or geometry.

5 showed that chro-

A crude -electrostatic calculation méde in 19521
mate and sulfa£é~ions will induce space charges of opposite polarity
when adsorbed on & dielectric surface, if, as seemed likely, the 85-0
bonds are essentially covalent and the Cr-0 bonds ‘largely ionic. This
difference infpolarity 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 Xohn- structure:

(1) a high central positive charge; (2) ionic bonding X-0; and (3) an
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oxidation-reduction potential low engugh to prevent rapid reduction of
the Xohn'.particles past the point of forming a surface film of reactioh
produpts. The last critefion exéluded the powerful oxidant,MhOE-, and
it was therefore apparentlh 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
‘thatlthe Reoh_ ion would be less inhibitive, but no way to predict how
much less. |

15

Experiments™ with electrolytic iron and carbon steel in November
1952 immediately demqnstrated the correctness of the prediction regard-
ing the pertechnetate -ion. It was found to be more effective both at
lower concentrations and atlhighef temperatures than the chromate ion.
Thus, 5 x 10'5<£ KTcOh gave excellent,prbtection to S.A.E. 1010 steel at
'250°C ‘in a 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 exﬁeriments cited illustrate hOW'technetiﬁm may be used to
evaluate the various theories of inhibitor action. For example, the
absence of buffer action and the mild oxidation potential argue against
the early chemical hypothesis. The extreme contrast between the char-
acteristics of Tcoh- and Reoh- disproves'any idea of adsorption that
considers only the external features of fhe-ions. The theory of purely
electrochemical polarization is doubtless a valid descriptidn of action
that could. account for passivation, although the meaéurement of the com-

parative contributions of oxygen and reducible inhibitors shows that



11

oxygen is the chief source of cathodic currenf with.either’TcOh"vor
Cr0h= as inhibitor. The action of sulfate ions in destroying;inhibition
also shows the incompleteness of the polarization hypothesis.

There is considerable évidence to ‘support the assumpfion of the
‘electrostatic polarization hypothesis which'iooks inside the varioﬁs
ions for differéntiating characteristics -among them;li’lék The conclu-
sion most likely to be reached ultimately is that -each of thelideas thus
far proposed is meaningful for some aspect .of the inhibitory process,
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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I. PRINCIPLES :OF ISOTOFE TECHNOLOGY
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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-
yvear summaries of isotope distribution and utilization;l the subsequent
bibliogfaphies published by the U. S. Atomic Energy Commission;2 the
list of special sources of isotope information;5 the reports of the
Atomic Energy Commission to Congress;llL and various AEC and.nongo§erﬁ-
ment ﬁu.blications.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 disclosﬁres in oné'area may suggest analogous technigques 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, partiéularly as enriched targets and higher fluxes are used,
and to suggest profitable areas of utilization. The subject "Stable
Isotopes" will be co#ered in a separate section.

That the‘program has grown -- and grown rapidly -- is illustrated
by examination of information on shipping, licensing, and publications
since 1946 (Table'I—l) and by comparison of the number of labeled com-

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

Table I-1. Growth of Isotopes Program

" Total Total Authoriza- Cumbbative ngél
To (Date) Shipments tions and Licenses Publications
Aug. 1949 - 11,k00 5,000% 1,850
June 1951 18,900 , 13,100% 3,000
Dec. 1954 6lt,200 | 37,155 Y;OOQC
Dec. 1958 118,600 4,37 | 15,000°
Dec. 196é 170,000 5,881° . 40,000°

aUntil 1956, individval authorizations were processed for each
isotope. After that, users were able to obtain licenses which
cpuld 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).

“Estimated 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

Tsotope - 19h0* 1962°
577 | 5 131
131 5 56
P2 13 81
ctt | ~100 ~1300

®Reference la, p. 68.

bReference'T, .

Isotope Production

~ 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-groés fission products %hﬁbhﬁremain after
the;process;ng;cfaSPent-ﬁu@lsmtOnrecqysﬁcﬁhefunugedmfissilérmateria&weh
(TableSQIaﬁg&;S);' Although the fission products comprise a spectrﬁm

of about 100 isotopes, only about 30 have sufficiently long half lives
to be worth considering for inventory materials and only a few of those
are considered valuable enough to process. Of those possibilities

listed in Table I-5, sr2°, cel™* celd7, put™7 99

, and Tc”” are currently
being isolated because of their satisfactory combinations of half lives,
radiations, and fission-product yields. Their uses will be mentioned

later.
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. Table I-3. Neutron Reactions Table I-4. Cyclotron Reactions
Reaction A Example Reaction Example
(n, 7) 0059(n}7)Co6o ’ (p,n) 11 (p,n)Be’
FeX(n,y)Fe’” (a,n) Ge'%(a,n)as’”

(n,p) v (n, p)ct (a,2)  c2(a,20)m52

' §72(n,p) P72 | (3,00  mg2H(a,a)me?
(n,0) Cauo(n,a)Ar57 | (p,pn) Cau8(p-,pn)Ca%7
| 118,01’  (p,0) Mg (p,0)Na™?
(n,y;EC) Xelgu(n,;v)Xel25 EC 1125 |

_ o
(n,7;8" ) 24, ) pattt B agttt

Table I-5. Fission Products

Isotope % Fission Yield Half life
. , | krS> 0.3 10.3 y

sr?° 5.9 By |
Zr95 ' 6.5 | 1x ld6 N
0e9 6.1 o x 10 v
ot 6 0.8 y

P T 2.6 2.6 y
0237 5.9 oy

1129 1.0 . 17x10Ty

Isotope Utilization

The principles of isotope utilization (Figs.,i-l,Q)t)~havé been
reduced to three major types, or methods of use. The first two applica-

tions do not incorporate the activity into the process materisl and’

theré is no possibility of its remaining in the.final market product.
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In 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

residuval activity. The three types of applications involve:

I. The Effects éf Radiation on Materials. The fadioisotope is
used as a fixed source of radiation, comparable td ordinary radium or
x-ray machines, and the radiation is allowed to impinge upon the mate-
rial that-is to be affected by the radiaﬁion., There -are many ‘important
exampiés of this application. The target,material‘may be -a plastic,
exposed iﬁ order to alter its properties (Fig. I-3); a patient with a
malignancy, recéiving therapy (Fig. I-4); food being irradiated to re-
tard decay (Fig. I-5); or a phosphor being excited to luminescence by'
an admixed isotbpe.(Fig. 1-6).

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

riéI“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'émulsion,
depending oﬁ the information required. .For example, in industrial or
'medical_radiographyva radioactive source can replace x—ray‘machines to
photograph bones, teeth, or casﬁings. Industrial utilization inclu&es
many important applications to process and product control: measuring
blind'(inacceséible) liquid levels (Fig. I-7); eaging thickness of mov-
ing sheets of paper, plastic, and mefal (Fig. I-8);-controlling cigarette
densities (Fig. I-9); radiographing castings and internal structures of
equipment (Fig. I-10); tracing oil flow in pipelines (Fig. I-11); and,

in some of the more recent applications, using the isotopic heat - msv
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resulting from the complete absorption of the radiant energy by a heavy
metal such as lead or graﬁium (Fig. I-12).

31 *The Tracing of Radioactive Atoms.: Perhaps‘the‘mostAinterest-

"ing and significant use of radioisotopes takes advaﬁtage of the continu-
~ous "proadcast signal"-ggnerated by the~decaying radioisoﬁopes. Suit-
able detectors can be used to;follow éven thevmost éomplicated courses
of fhgse atoms as they take part . in chemical reactions or biologi;al
processes,or as they are involved,in physical transfer. The radio-
iSOtoﬁe tracer'mai'be used to study surfade phenomena -such as induced
passivity (Fig. I-13); it may be incorporated 'in a . compound addéa to
water"running'through:a.léaking pipe (Fig. i-lh); itrﬁéy‘bé an active
atom in sﬁgar (e.g.,'dlhj for studying body @etabélism.(Fig.‘I—lS); or
it may be a label in a fertilizer compoux;a used to.study the mechanism

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

June

Aug.

Jan.

July

Sept.

Jan.

Apr.

June

July

Sept..

First‘public announcement of reactbr-produced fadioisofopes
available under the distribution program appeared in Science
(served as lst radioisotope catalog)

First reactor-produced radioisotope shipment from Oak Ridge

Jurisdiction of program turned over to civilian Atomic
Energy Commission

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

Pirst compound labeled with radiocarbon (methyl aicohol)

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: pollcy -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) '

Initiation of a program making available free of production
costs three isotopes -- radiosodium, radiophosphorus, and
radioiodine—for research, dlagnos1s, and therapy of cancer
and allied diseases

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

Beginning of production and distribution of radioisotope-

-labeled compounds by commercial firms

Distribution of tritium (radloactlve hydrogen) and stable
helium-3



2L

1948, Sept. Completion of & nationwide intercomparison of iodine-131
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. '

19h9, June Initiation of a program for cyclotron production 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. Announcement of program for returning radiocactive wastes
' to Commission facilities for disposal

1950, Dec. Initiation of cooperative visitation with state health
departments to radioisotope users

1951, Jan. Announcement that Brookhaven National Laboratbry will pro-
vide reactor irradiation services and radioisotopes

1951, Mar. Elimination of requirement for publication of results
obtained with AEC-produced radioisotopes :

1951, Apr. Publication of first .issue of the quarterly bulletin,
"TIsotopics--Announcements of the Isotopes Division"

Publication in Federal Register of regulations governing

‘radlolsotope distribution, including designation of
"geherally -‘licensed" quantltles (requiring no llcense

- application)

1951, July Expansion of international distribution of radioisotopes
to include all reactor-produced radioisotopes (except
tritium and polonium~210) and to authorize the export of
these materials for use in scientific research, medical
research, industrial research, medical therapy, and indus-
trial applications

1951, Nov. First radioisotope (iodine-131) accepted by Federal Food
v and Drug Administration as effective new drug; phosphorus-32
accepted June, 1952; and colloidal gold-198 accepted
October l95h



1952, Jan.
1952, Apr.
1952, May
1952, June

1952, July

1953, Dec.

1954, Jan.

1954, July

1954, Sept.

1954, Oct.

1955, July
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First film of thirteen-part radioisotope training film
series, "The Radioisotope," made available for distribution

Announcement of availability of neutron activation‘analysis
service at Oak Ridge National Laboratory

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

Revision of AEC Cancer Program to make most radlolsotopes
available at 20 percent of catalog prices

First authorization of industrial waste dispoéal service

“,Publicatibn 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
authorization; use of license- exempt quantities of radlo-
isotopes in humans expressly prohibited

Announcement of availability of facilities for irradiation
of large items at Brookhaven National Laboratory

Publication by USAEQ of 1list of 492 isotope-labeled com- ‘
pounds available from .13 commercial suppliers, the National

Bureau of Standards, and Oak Ridge National Laboratory

Announcement of standard reactor units of radioisctopes

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

Issuance of Argonne National Laboratory bocklet, "Irradi-
ation Services," containing detailed information on services
available at ANL's Research Reactor CP-5, Experimental
Breeder Reactor, and its 60-inch cyclotron

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

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



1955, Nov.

1956, Feb.

1956, Aug.

1958, Mar.
1958, Apr.
1958 , Aug.

1958, Oct.

1959, Jan.

1959, Aug.

1960, May

1960, July

1961, Jan.

1961, May
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AEC withdraws from processing and distribution of cyclotron-
produced isotopes

- Generally licensed quantities of radiolsotopes 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

Sale of enriched stable isotopes approved by AEC

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-1h4 reduced by AEC to $1. OO/curle
for ordersof 100 kilocuries or more

Kilocurie Fission Product Separation Plant started operation
at Oak Ridge 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

AEC discontinues providing standard reactor-irradiated
units

AEC reaffirms policy of withdrawal from neutron irradiation
service

Abbott Laboratories announces availability for first time
of iodine-131 from private manufacturer

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

Cobalt-60 metal sources become available from prlvate
industry; AEC limits supply from Commission facilities to
orders -of 100 kilocuries or more; large-order price reduced
to $l.00/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 SrTiOz, 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. Routine availability of iodine-125 announced

1961, Nov. AEC withdraws Mound Laboratory as a supplier of plutonlum-
beryllium neutron sources '

1961, (early) First private productlon and marketing of 000 (CGE and
‘ Westinghouse)

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

1962, Mar. AEC withdraws from neutron activation analysis service in
favor of industry :

1962 - High Intensity Radiation Development Laboratory to generate
‘ the engineering design and operational knowledge essential
to expansion of the potentials of process radlatlon com-
pleted at Brookhaven Natlonal Laboratory

1962, Mar. Fission-product cesium-137 reduced by AEC to $0,50/curie
for -orders of 100 kilocuries or more

AEC makes up to lO grams americium-241 and neptunlumPQBT
available to industrial licensees

Fission~-product strontium-90 reduced by AEC to $O,75/curie
for orders greater than 30,000 curies

1962, May Completion by Oak Ridge National Laboratory of first large
gamma-ray (cesium-137) source for thermoelectric generator--
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

1961-1962 Fabrication of a series of SNAP sources for Navy naviga- 1w//////
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 SrTiO5, 195-1400 thermal
watts



1962, Sept.
1962, Oct.

1962, Dec.

1965,.Jan.

1959-1962
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First AEC licensé to industry for land disposal of by-

product wastes

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

Development’of CslBY-Li silicate glass gt Oak Ridge '
National Laboratory for Brookhaven large-scale research
gamma-irradiator -

First strontium-90 fuel source processed by private
industry )

Price reduction for cobalt-60 in the high-curie-supply
area; aimed at encouraging greater commercial reprocessing

and distribution }

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

AEC’Diviéion of Tsotopes Development .arranged and partici-

‘pated in 29 isotope symposia throughout the country to

encourage industrial use of isotopes
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BASIC PRINCIPLES OF RADIOISOTOPE

UTILIZATION

RADIATION AFFECTS MATERIALS MATERIALS AFFECT RADIATION

FOOD & DRUG STERILIZATION

e
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CLINICAL RADIOGRAPHY

STATIC ELECTRICITY ELIMINATION THICKNESS (DENSITY) GAGING
TELETHERAPY INDUSTRIAL RADIOGRAPHY
RADIATION GENETICS LIQUID LEVEL & HEIGHT INDICATION

Fig. I-1

RADIATION TRACES MATERIALS

METABOLIC STUDIES
FLUID FLOW
ABRASION & WEAR MEASUREMENT
STUDY OF REACTION MECHANISMS

USAEC-ID-298A
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HOW RADIOISOTOPES CAN BE USED

AS SOURCES OF RADIATION

\%/’ GAGING
~SBC~~ 1N  RADIOGRAPHY
N, [ LumiNESceNcE
7SRNG | ToeTHERAPY
CEERNG Ui [
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AN
AN
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VARIETY OF RADIATIONS
Low CoST

COMPACT SOURCES OF HIGH ACTIVITY

AS TRACER ATOMS

/ N\

RADIATIONS

RADIOACTIVE

STABLE ATOMS ioms *

*
RADIOACTIVE ATOMS BEHAVE LIKE
STABLE ATOMS ————
ARE TRACED BY RADIATIONS

Fig. I-2 USAEC-ID-48A
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Gctivation, oty Chowical Taactions

INDUSTRIAL USE OF RADIOISOTOPES

ORDINARY
POLYTHENE

CROSS - LINKED
. POLYTHENE

HYDROGEN
GAS

3

ADVANTAGES:

1- CROGS-LINKED POLYTHENE Is:
A-MORE HEAT RESISTANT
B-MORE ELASTIC
C-LESS SOLUBLE

2- REQUIRES NO HEAT OR ADDITION OF FOREIGN ATOMS
3-DEGREE OF CROSS-LINKING CAN BE CAREFULLY CONTROLLED
4 - MANY NEW PLASTICS CAN BE SYNTHESIZED

. USAEC-10-267A
Fig. I-3
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RADIOACTIVE STRONTIUM — §r90
FOR TREATING SMALL LESIONS

SMALL SURFACE OR
SUBSURFACE LESION ,

\ (RADIOACTIVE SOURCE ,

G 5790 EMITS ONLY
LOW- PENETRATING
/\) BETA RAYS
ADVANTAGES:

| - NO EXTRANEOUS GAMMA RADIATION
2- REMOVAL OF BENIGN TUMORS WITHOUT SURGERY

3 -READILY ADAPTABLE TO THERAPY OF POSTOPERATIVE LESIONS

Fig. I-k USAEC-1D-200

CAPPLICATOR'




INDUSTRIAL USEB OF RADIOISOTORES

EFFECT OF RADIATION
ON MICROORGAN |SMS
(ASPERGILLUS NIGER)

STERILIZATION UNIT

Remove Block to Repienish
Fission Product Sources ™

NO RADIATION .. G
(MOLD COUNT 2 45,000,000) g

1.60,0 REP

(MoLD CounT=0)
ATOMIC RADIATION HAS BEEN USED TO RPRESERVE
DRUGS — FOOPS — KILL INSECT LARVAE IN PACKAGED
PRODUCTS —CONTROL REPRODUCTION OF LIVESTOCK PESTS.

Fig. I-5 USABC- (D271 A
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INDUSTRIAL USE OF RADIOISOTORES

RADIOISOTOPE
ONE MECHANISM ACTIVATED MARKERS

/'\ SLIGHT RAY
e
,/ //

STRONTIUM-90 LUMINESCENT CENTER
(Zns:cd)

BETA SOURCES CAUSE LESS PHOSPHOR DETERIORATION THAN
ALPHA —HAVE LONGER USEFUL LIFE AND LOWER EXTERNAL
RADIATION LEVEL — MULTIPLE COMBINATIONS ARE POSSIBLE.

Fig. I-6 USAEC.10: 270A
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RADIOACTIVE COBALT — (€060
FOR INDICATING LIQUID HEIGHT

HEIGHT OF COUNTER AND
n SOURCE ADJUSTABLE ON TRACK

SHIELDED Co60
SOURCE

. J

COUNTING RATE

ADVANTAGES:

! - GAGE NOT AFFECTED BY CORROSION AN‘D TEMPERATURE
2- CAN BE OPERATED BY NON-TECHNICAL PERSONNEL
3- ADAPTABLE TO AUTOMATIC RECORDING AND CONTROL OF LIQUID LEVEL

Fig. I-7 USAEC=-1D-284
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RADIOACTIVE SOURCE
FOR GAGING THICKNESS

RADIATION
METER CONTROLS
RADIATION H T ROLLER SETTINGS
‘hl{li“!‘lmlilllllHHIMH?
COUNTIR

ADVANTAGES:

I-RADIAfION SOURCE SELECTED TO SUIT MATERIAL
2-NO CONTACT - NO TEARING - NO MARKING MATERIAL

3-RAPID AND RELIABLE

Fig. I-8 USAEC-ID-68A
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GAUGING CIGARETTE FIRMNESS
WITH RADIOISOTOPES

CIGARETTE ELECTRICAL
DENSITY 'CONTROL
STANDARD UNIT
D , > / CABLE TO
RADIOACTIVE, [ TP/ s TTTeH Y "°'c‘°‘:;°':.“"
IONIZATION
CONTINUOUS
CIGARETTE CHAMBERS

ADVA"TAGES : 1-MORE UNIFORM FIRMNESS
2-SAVES TOBACCO
USAEC-ID-226A 3-ELIMINATES MANUAL CONTROL

Fig. I-9
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MEASURING THICKNESS AND DEFECTS
OF METAL CASTINGS WITH RADIOISOTOPES

RADIOACTIVE.,
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ADVANTAGES: |- VERSATILE AND RELIABLE INSPECTION
| 2- INSPECTION MADE WITHOUT DISMANTLING
USAECD39m 3-VERY HIGH ACTIVITY SOURCES AVAILABLE AT LOW COST

Fig. I-10
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RADIOACTIVE ISOTOPES
"FOR TRACING OIL FLOW 1IN PIPE I.INES

SHORT LIVED
RADIOISOTOPE SECTION NO. |
ADDED AT END OF REFINERY

_OF ONE CRUDE,
N

CRUDE A

CRUDE A
RADIOISOTOPE

| MARKS SECTION NO. 2

BOUNDRY OF REFINERY

ADVANTAGES:
|- RADIOACTIVE *MARKER” CAN BE TRACED OVER LONG DISTANCE

2- *MARKER" SPREADS TO ONLY SMALL OIL VOLUME
3- PERMITS SEPARATION OF CRUDES WITH MINIMUM OF LOSS

4- METHOD QUICK AND REQUIRES NO SAMPLING

Fig. I-11
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Cutaway of Weather Station Power Source

(See Nuclear News for August 1961)



MECHANISM OF CHROMATE INDUCED PASSIVITY

SURFACE
METAL SAMPLE
PLACED 1IN RADICAUTOGRAPHED

DEVELOPED
FILM

Cr51 CONCENTRATES AT POINTS OF CORROSION—
SUPPORTING OXIDE FILM THEORY

- USAEC-ID-218A
Fig. I-13
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RADIOACTIVE 10DINE — I-131
FOR DETECTING LEAKS IN WATER LINES

POUR RADIOACTIVE RADIOACTIVITY MEASURED
IODINE INTO INDICATES LOCATION OF

« WATER LINE | IODINE FORCED THRU PIPE
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ADVANTAGES:

|- NOT NECESSARY TO REMOVE FLOORS
2- LESS COSTLY AND MORE CONVENIENT
3 - SHORT HALF-LIFE-—NO RESIDUAL ACTIVITY

USAEC-ID-6A Fig. I-1k4
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USING CARBON 14

PREVIOUSLY
INJECTED

- CHAMBER

E INTEGRATED CURVh
S ——=
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- COLLECTED
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2-RAPID METABOLISM OF MOST COMPOUNDS
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RADIOACTIVE PHOSPHORUS — P32
FOR STUDY OF PHOSPHATE FERTILIZER UPTAKE

®

P32 INCORPORATED 3
\_IN_FERTILIZER PLANT AND SOIL

MEASURED

@

LABELED FERTILIZER
ADDED TO SOIL

AR

FOR RADIOACTIVE FOR TOTAL
PHOSPHORUS PHOSPHORUS

SHOWS:
I- FIXATION OF PHOSPHORUS BY SOIL

2-PHOSPHORUS UPTAKE BY PLANT
3-PROPER TYPE AND PLACEMENT OF FERTILIZER

4-EFFICIENCY OF FERTILIZER

USAEC-1D~179

Fig. T-16
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II. APPLICATIONS IN INDUSTRY
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The industrial uses .of radioisoﬁopés run the gamut from lighting
up exif‘signs fo éaging density»of cigarettes, and from tracing leaks
in pipelines to testing the efficiency of detergents. The point has
beenAreached now where almost all large industries in some way or-other
use radioisotopes ih their operation, as indicated in Table IIrl;l-6One
repqrﬁg‘jvlists‘more than 800 épeéific induétrial ap@licafions -~ about
hélf associatéd with prdduction and ha;f Oriepted:tovard researbh.'
Probably‘the‘best source of,infbrmation relative to applicationé in the
various industries is»dné published by the USAEC in.l962.T
- History |

The hiétdry of radioactivity as we know it goes baék to the turn‘
of the century and the work of Becquefel 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 present applications of such isotopesvavar85 and
H3 (tritium) in fluofescent signs. Radiography using X rays starfed
with the work*of’Roentgen“iﬁ 1895. But since x rays themselves are not
-appreciably differeﬁt from the radiations given off 5y many radioisotopés,
the ultimate use of'the latter in radiography was inevitable.

It is revealing to read a section from the three-year‘summary of
‘isotope distributidn, published by the USAECvin~l9h9.8

"To date, industrial utilization of radioisotopes as tracers
has been largely confined to laboratory-scale investigations, by
consulting laboratories or by companies that carry on active re-

search programs. But industry already has found several ways to
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Table IT-1. INDUSTRIES CURRENTLY USING RADIOISOTOFPES

Abrasives’

Agriculture

Aircraft

ﬁeverages

Buiiding |
Building‘materials
Canal, dock, and harbor
Chemical industries
Civil engineéfing

Coal and coke
Drugs4and.§harﬁaceuticals
Elebtrical‘engineering
Electrical generation
Explosives

Fertilizers

Fire precautions

Food

Gas

Glass and glass containefs
Iron and steel |

Jewelry -

‘Laundering

Leather

Iinoleum and allied trades

Mechanical engineering

Mining ‘and quarrying

Motor vehicles

_anferroué metals
0il prospecting and control

0il refining and supply

Paint and varﬂish

Photography.

Plastics

Plating

.Precious metals refining

Radio engineering
Refrigeration

Rubber

Sewage and éffluent control

Shipbuilding and servicing

Surgical instruments and requisites

Textiles

Timber and wood products
Tobacco

Watches .and clocks

Water
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use the rgdiation fromlradioisotopes in industrial practices.

These include unique devices for gaugihg,liquid,levels amiffor

determining thicknesses of sheet material; and techniques for

‘makiﬁg radiographic inspections, all of which are generally adapt-

able to plant—écale use. In these uses the radiocisotope is-nof |

incorpqrated.into process material and there is no possibility of

its rgmaining‘in the final market product. Furthermore, after

. their installation has been completed, these devices éan usually

be opérated,by peéple of limited training.“
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 ha&e
resulted in thousands of publiéations, many of them -as proceedings of
symposia‘and conferences; and large numbers .of them already referenced
in bibliographies.2’9-1*

Most industrial applications of radiocactivity have originated duf—
-ing the past fifteen years, after reactor-produced radionuclides became .
-available. The firstAisofope from ORNL was Clu; distributed in
August 1946. This happened to be for a medical application, but within
a few months numerous other isotopes had been put in.inveﬁtory and by
1947 industry had started using some of them‘on a smali scale in mea-

15

suring thickness of paint films, in studying friction;l6-in radio-

T 19

graphy;l as 0il field markers,lB and in the metal-working industry.

Choice of Isotope

The suitability of an isotope for any particular application de-

pends upon several factors: (1) availability and cost; (2) appropriate
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radiation characteristics, including half-life; and.(5) éatisfactdry
methods for ‘detecting or evaluating the radiations. The fact that
fewer than 10 percent of the known fadioisotopes are being utilized
on,a_routiné basis 1is dﬁe to the cost and lack of availability of
-the other isoctopes and not because of any undesirable_characterisfics,

Traditionally, the half-life of a radioisotope has been a contrpl—
ling consideration in any use, since short-lived nuclides may easily
_become too ﬁeak 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 pbssible 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'detennine whether or not many of them can be used.

In many instances the availability of enriched stable isofopes as
targets for radioisotope preparation will enhance the production of
high-activity, relat,ively pure sources at rather reasonable cost.

‘In the past, the radiographic sources used to replace x-ray
machines have consisted largely of 0060 because ofvits 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-iife (5.3 years), and the fact that its radiations

can be readily detected by many different kinds of measuring instruments.
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157

More reééntly, Cs has bécome-importantlin 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 surprising
137 ‘ ‘

to see Cs replace Co60 almost completely because (1) cst?T is a

by-product from nuclear-reactor operations whereas Co60 has to be pro-

137

duced artificially; ahd (2) eﬁen at present prices, Cs because of
its long half-life-is-only abouf one thirdlaS'expensive on a comparable
basis as Co60, and should become even cheaper as the nuclear power
program grows.

An illustration of a short-half-life isotope £hat‘is currehtly
being used in industrial radiogréphy*is SmlSB, made by neutron irradi-
ation of '152. Although,the half-life is only fwo days and the cost
high when compared to cobalt and césium, the radiations are particulérly
suitable for use in determination of turbine-blade wall thickness --

a problem for which every known measurement technique had been tried

previously without success.

Costs and Savings

| That isotope costs are not necessarily prohibitive is borne out
’ by a statement of Dr. Glenn .Seaborg, Chairman of the USAEC, when he

said ﬁhat”"an ounce of pure P32 would cost 10 billion dollars.
Fortunately, important chemical and medical experiments can be conducted
with a million-millionth of an ounce, costing only a penny.”gl

The savings effected by the use of isotopes are certainly véry

large, but also very difficult to pinpoint. iThe-estimates vary all

the way from.approximately 40 million dollars per yeaf2 to more than
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a half billion dollars per year.”  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:lisfed in
~Table II-2, as wéll as, for a few of them, the estimated number of

~ individual pieces of equipment.licensed at the time the table was
com.piled{5 As indicate&fin,the tablé, by far the most-widespread
industrial use of ithopes is in gaging. This.application usually
depends upon the faét.that as radiations penetrate material, the
intensity of the radiation diminishes in proportion to the density and
tﬁickness of the material being penetrated. Level gaging, thickness
gaging, and density gaging all fall into this category.

‘Level 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 filled, the source is usually placed on one side of the
vessel or éontainer and the detector on the other (Fig. I-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 predetermined level 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-1).

Sometimes it .is desirable to keep track of variations in liquid

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

Application Number
Cigarette density gages : 2,700
Thickness gages |
a. Paper«and allied products - - 370
b, Metal 160
c. Rubber and tire fabric 120
d. Plastic and adhesive | © 135
e. Others | ‘ | 150
Gages such as liquid level, moisture, H-C ratio, L2o -
snow, etc.
Radiographic testing | | 520

0il well stimulation (acidizing)

0il well logging

Petroleum refining

Pipeline oil flow

Other applied industrial tracingr
Piston ring and similar wear studies
Tool wear studies

Corrosion studies

Other ‘industrial research
Luminescent sources

Miscellaneous industrial applications --

-large-scale irradistion, sterilization, etc.
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vertically above or ‘below the container with the detector at the oppo-
site -end and the radiation readings calibrated to show the liguid
level. Or, the source can be placed on the surface of the liquid and
the. variations in intensity, based on the inverse square law, related
to. the level (Fig. II-2). In the petroleum industry liquid levels in
refinery4tankage and reaction vessels, as well as solid levels in
‘storage bins and catalyst hoppers, are determined routinely, based on
the movement of a.Co6O—"float.“22 A rather recent .application of»this
type involves the detection*bf'an¢interface in a propane storage
reservoir;25
Levels‘can.also be determined by a backscattering teéhnique,

134

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

amount of backscattering from the container is greater below the :-level

of the contents than it is above the-.level.g2

Thickness.Gaging. The use of radioisotopes for 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 oflthis
application ‘is the fact that,iﬁ=leﬁds itself so nicely to éutomation;

As the detecting device measures the thickness, the instrument response
can bé incorporated in a servomechanism,whichvautomatically increases

‘or decreases fhe spacings between the rollers to very close tolerances.
It is not diffiéult to see how this saves material and decreases losses
resulting from the product being "out of specs.”

For”measuring and controlling the thiéknesseS'of coatings 'on

paper, one technique is to combine two thickness gages -- one to measure
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the uncoated feedstock, and the 6ther to measure the coated product .--
with a computer which calculates and then controls the aétual differ-
ence between the twﬁ, which is the coating. This radioisotope pro- -
cedufe is obviously much faster than the traditional "sam@le‘and weigh"
method and is also continuous and nondestructive. The close control of
tolerances greatly reduces .off-specification scrap. |
It is alsq possible to determine thicknesses of thin layers by é

2L-30

"backscattering" procedure (Fig. II-4). Recent development of

bremsstrahlung and characteristic x-ray sources has added more variety
to the possibilities for determining Jthicknessc—:s'.51"33

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

radioisotopes in thickness gaging are:

1. Lower consumption of raw materigls. Ordinarily, the manu-
facturer must set his thickness tolerances on the high side
in 6rder to be able to meet a certain minimum requirement at
all times. Since the automatic radioisotope-aétuated 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
welgh actual control samples, scrap is greatly reduced.

5. 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 to make manual adjustments
and to carry out tedious analyses.

.Density Gaging. ObviousIy, the measurement of thickness is not

réally,different.from'tﬁé measurement -of denéity.’ The -first :one assumes
a fixed density, and the second a fixed thickness; Hence the equipment,
at least in principle, is almost identical to that used for thickness
gaging. By far the largest single use of any kind of gaging equipment
is in the tobacce :industry to control’the:"firmﬁess"'of cigarettes.

. Several thousand_individﬁél gages are in continual use in the U. S.
alone. The principle is clearly illustrated in Fig. I-9, p. hO.Bh
Density gages are.also~dﬁite7satisfactory,for~detecting,interfaces,in
pipeline flow (Fig. .‘11-5) . As the second of two liquids of different
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 direction.

-An unusual application of a density gage is«ﬁo measure the -degree
of polymerization of butadiene and styrene (synthetic rubber). As the
two reactants polymerizé, the density changes, and the detector reading
,cah‘be calibrated in terms :0of percent .completion of the polymerization
(Fig. II-6).

Without making specific reference to any individual application,
we point out that density gaging has been used éuccessfu;ly;in‘many
different industries and in many ways. Included are sugar solutioms,
-slurries (of.lime, clay, and metal 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,,nock wool,,gasoline and otherthydrocarbons, Jet
engine fuels, andvrock‘wool blankets, toimention a few.

-Radiography. Industrial radiography, like'medioal teletherapy,
was well developed with X radiation: long before the advent of radlo-
1sotopes. The literature on the subJect is volumlnous.55 The use of
rad101sotopes to‘replace traditional x-ray sources and machines has

resulted in a number of’ advantages, 1nclud1ng low cost, portablllty,

). 36-39

-operablllty in small spaces _and greater'effectiveness (Flg . I-10

60 6,36- 39

‘The most used isoctope for radlography has been .Co.

its 5.5-year half-llfe-andnl.l7- and.l.BB-MEv,gamma rays. Sources of
Co60 of all sizesaand shapes have been available'ffom“cdmmercial sup-
'plierS'for;many’years. A promising competitor; howeﬁer,»as suggested

earlier, is fission-product CslBT,yo-yz'with a 30-year half-life and

13Tm

0.66-Mev gamma ray from its Ba daughter.

.0f farticular interest are some of the 'more specialized and
exotic radiographic sources that are continually being developed.
Many of these have extremely high specific actitities and can serve

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

resolution and definition. The use of Sm 153 for‘examining turbine

blades has already beenmentioned.20 Considerable success 1is antici-

125

pated with the use of I" - as:a source45 (Fig. ITII-1, p.80)§ Iridium-

192,(Tl/2v= T4 4, 0.1-0.6 Mev 7), because of its relatively soft gamma
radiation, is particularly useful for radiography'ofilight cast= .
ings,38’hh'h8 as is 127-day Tl 0 with its 0.08%-Mev gamma.ray.h9'51

For measuring the thickness of concrete, Co6o,»Cs;37),Ifl92, and Tml7o

52

may all be used.
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An-unexyloited.but,potentially.valuabie type of radioegraphic

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

ol #T 55,56

ationss5’52+ from such radioisotopes :as fission-product

155

and from E and‘Cé;hu157 The -energy of the secondary radiation can

‘be controlled between very narrow limits byAappropriate choice of
matrix -or backing.

In'general,,anything"thatAan x-ray machine can do radiographically,
some radioisotope can also do.

Tracing. As is the case -in most fields of radioisotope utiliza-
tion;,industrial tracer techniques:offer'a:wide variety'of applica- .

58

tions. 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 precipitation, or mechanisms of reactions can be

59-64

‘rapidly evaluated. The applications to wear studies are classic,
with piston rings, gears, and lathe bits being only a few of the many

items that have been studied extensively. The effects of lubricants

‘on various types ‘of wéar have been studied in great.detail,6o’65‘with

resulting improvements to both: lubricants and bearing surfaces. The

wear characteristics of automobile tires have been evaluvated with

. 6
radiotracers.

The petroleum .industry has been particularly receptive to the use

.of radioisotope tracers.in'many,of'their'operations;22’67-72 Studies

T3-T5 76

of catalyst flow, coke formation,

[

and hydrogen exchange on
.catalysts, ' made possibIe 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 be detected by use of a radiotracer
such‘as.Sbleh triphenylstibine added to one of the petroleum products

being transported8o (Fig. I-1I, p. 42). As the tagged section of flow

passes the detector, the fluid can be appropriately diverted.

King72 has tabulated some -of the isotopes most often used by

refiners.

PROCESS . ISOTOPES USED
Radiography, mixing, inventory, trouble . Coéo, 08133, 92

shooting, wvapor line, sediment
Catalyst mixing, inventory, stack losses Béluo, Celhh, Cr5l,
R85 5cH6 oS0, 4198
Liquid flow rates and mixing IlBl, 1132, Rb86, Br82
Heat exchanger leaks Sb12h, Négh, Br82
Gas flow rates HE, Br82, Kr85
Entrainment g0 oth G124 (60
| 132

Batch mixing I

The study of laundering efficienci¢s8l’82

with various radiotracers
hags resulted in better detergents (Fig. II-?).

A specialized application of tracer technology is activation

58,83-87

The specific applications are varied, and run from

89,90

analysis.

and from

g2

checking backflows in water valve588 to forensic use

dating archeological specimensgl to studying zone melting. (See also

page ).

Miscellaneous Appliéations. 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 to show the breadth of
the possibilities is in .order.

In many instances, the presence of static can be a very serious
problem -- from the -standpoint both of potential explosions, and of
causing much scattering of fine particulates or interfering with the
flow of fibers. Static'eliminators93'95 hafe almosf completely solved
this problem (Fig..II-8).

The use of radioisotopes in luminescent signs and markers has tre-

85

mendous possibilities.96’9T Tritium- and Kr v-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 1in 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 productSL The other is the
use of radiations, usually gamma rays, for pasteurizing foods, steri-
1lizing surgical instruments, effecting mutations in seeds énd plants,
;and catalyzing chemical reactions. Perhaps the most<interesting;in-
stance of the last use is the decision by Dow Chemical Company to use
0060 to catalyze the production of ethyl bromide -- the first appli-

cation of radiocactive energy to catalyze a commercial chemical reac-

tion.98
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TEST FOR WASHING EFFICIENCY
USING RADIOACTIVE PHOSPHORUS - P32

LABELED BACTERIA - SWATCHES
PLACED ON CLOTH WASHED
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2 - _ 4)
. o ::?:ACTIVITY Qﬂ - RADIOACTIVITY OF
) E 5"‘:‘"“ - DRIED SWATCHES
o) - MEASURE | " AGAIN MEASURED
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I - EFFICIENCY OF WASHING PROCEDURES FOR REMOVING BACTERIA
2 - COMPARATIVE EFFICIENCIES OF VARIOUS DETERGENTS
3- AMOUNT OF CROSS CONTAMINATION

USAEC-ID 25A
Fig. II-7 §
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III. APPLICATIONS IN MEDICINE
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The - literature on ﬁedical useé of radioisotopes is briefly reviewed
here."e 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-
.Tished papers are listed heré, 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 weil—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,5 journa.ls,LL bibliogré.phies,5 and reviews6 partly
or entirely devoted to this field. Radioisotopes are used in both
diagnosis and therapy (Table 111-17), in the former iniextremely small
amounts;: in the latter, chiefly in malignant or malignancy-related con-
ditions. Safety in their use is ensured (1) by requiring the licensing
of physicians who use them -- and theg only after special training;

(2) vy standardization of handling techniques and adoption of special

safety regulations‘by_hospitals.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 incorporated will be used.in future issues.



Diagnosis
Test Measurement Usefulness
131 studies of thyroid function; Percentage of dose concentrated in. Valuable index of thyroid

T
NaI, usually oral

1131 for diagnosis of thyroid
carcinoma; oral

Fed9 iron metabolism; usually
intravenous iron citrate; oral
doses used to study absorption

Crol red cell survival; red cells
‘labeled with Cr°1 in vitro and
injected intravenously

CoB0-vitamin Byo; oral

1131 1abeled rose bengal; intra-

venous

thyroid, percentage of dose excreted
in urine; plasme free and bound T

Scanning and external procedures -

Serial plasma assays for several
hours; red cell assays for about
10 days; external counts over
spleen, liver, sacrum; blood and
fecal assays after oral dose

Serial assays of blood (red cells)

for 2 or 3 weeks; external counts
over spleen, liver, heart; fecal
assays for gastrointestinal

“bleeding

Fecal and urinary excretion; some-
times external counts over liver

Rates of removal from bloodstream

‘and concentration in liver

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
impaired erythropoiesis versus
hemolysisy oral test indi-
cates absorption defects: ”

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

8



Test

1131_1abeled fat; oral

CrSl, P32 red cell mass; 7151
: 2k

albumin-plasma volume, Na“~",
ghe for Na and K spaces

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

Usefulness

Information on intestinal
absorption, pancreatic
function '

These tests give data on red
cell and plasma volumes,
fluid balance and electrolyte

-status; may be helpful in

presurgical evalvation, study
of metabolic and endocrine
disorders.

‘Therapy

1151 as Nals usually oral

Patients Treated

Uncomplicated Graves! disease
patients over 40; complicated
Graves! disease any age

Toxic nodular goiter in selected
patients '

Usefulness

General results excellent;

multiple -doses needed in -some
cases; significant incidence
of early or delayed myxedema

Eventual control of toxicity
in most cases; may require
repeated doses; concern over
malignancy already present
at onset, plus desire for
rapid result, may recommend
surgery for patients who can
be well prepared

c8



pi2 as soluble phosphate; oral
or intravenous

Colloidal Aul98, p32 90

Patients Treated

Thyroid carcinoma in selected
patients

Certain patients with angina

pectoris or intractable congestive

heart failure
Chronic granulocytic leukenmia

Chronic lymphocytic leukemisa
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

levkemia 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 er phlebotomy alone

Occasionally some value

Rarely useful

Symptomatic value; partially

supplanted by nitrogen
mustards

Very limited value compared
with other forms of therapy

¢8



Patients Treated Usefulness
Direct injection into tumor in - Believed useful if properly
certain cases of prostate carcinoms; used in carefully selected
attempt to radiate lymphatic cases
channels ' :
0060, Csl57, radium-226, Certain localized tumors, especially Useful in skilled hands for
radon-222, srPOfor implantation carcinoma of cervix, head, and neck ‘properly selected patients
and brachytherapy,4 ' : ‘
Coéo, cs13T for teletherapy For all lesions suitable for Highly useful and practical

external radiation therapy

F*Reprinted with minor style changes with the kind permission of publishers, from G. A. Andrews,
Medical §tudents and radioisotopes, 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 Lawrenée,9 for example, cancer has not once been reported
as a result of radioactive lodine therapy of thoﬁsands»of hyperthyroid
patients; and in 25 years, the survival rate of more than 500 poly-
cythemia vera patients treated with P52 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 L5, 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-

151 P52,,Adl98 crot, Fe?? 205

‘est amounts are I 7, , , and Hg“ 7, but many

_others are used .in smaller amounts; large quantiﬁies of 0060 and 05157
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 and costs are lowered. Criteria
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 béing exaﬁined.or treated.

- Radioiodine, for example, while not entirely thyrold-specific, is an
ébvious choice for thyroid conditions, as'iS'céicium.for bone. Speci—
ficity may sometimes be obtained.by incorporation in compounds (emg.,
radibcobalt.in vitamin 312, which localizes .in the liver). An isotope
may be localized physically as a wire, as:a colloid, or as the recently
introduced.ceramic beads.lo Both the physiological and biologiqal half-

-1life must be considered, and selection may be made on the basis of the

need for particular radiation characteristics -- from a soft beta all
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the way to a hard gamma radiation. In earlier work, isotopes with a '
short physical half-life were found inconvenient-to use;ll but they are
findingvapplication now with development of new instrumentation and
sources of supply.

Todine

ot (8.1 4, 0.33- and 0.61-Mev B's, 0.36- and 0.64-Mev y's).

.Iodine-lBl is most commonly used for diagnosis of thyroid,disorders.l
Other uses include incorporation in human serum albumin for determina-

tion of the total circulating plasma volume, placentography,12 estima-

13

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

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

IlB 13

l-la'beled compounds, and T l-labeled methyl iodide has been used

for detecting left~-to-right cardiac'shunts.lh Rose Bengal containing
131 >

1 is useful for -liver function tests and for blood flow testél and

has been suggested for detecting liver metastases that are not obvious

from,surgery;l6‘ Recent reports indicate the Rose Bengal-IlBl hepatoscan

17

to be a satisfactory technique. Other§115l-labeled compounds reported

useful are Hippuran for renal testslS,and for determining cerebral

circulation time;l9 Diodrast -for evaluating venous diseases of the

lower‘extremitiesgzo sulfobromophthalein for liver function tests;gl

131

and compounds for studying fat metabolism.22 An T -labeled compound

23

demonstrated 200-m1 pericardial effusions in a simulated system, ~ and

31

an accurate and reproducible method for insulin assay with Il has

been reporteci.gl¥

25

In therapyi'IlBl has been used for nontoxic™ as well as toxic

goiter;l It is used as a palliative in thyroid carcinomé, and an ﬁ
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IlBl-tagged4fat-soluble»medium, which accumulates in regional lymph

nodes, is pbtentially useful for irradiation of neoplasms;26 Thyroid

121

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

T5% and*congeStiveaneartufaiﬁﬁieﬁiﬁﬁéo%AOfﬁtﬁose*aﬁflictéd:27 For-

tunately, gamma irradiation of the ovaries from urinary excretion of

131

administered I is considered negligible.28

185 (57.4 4, no B, 0.035-Mev 7). Iodine-125, which is easily

produced by neutron bombardment of Xelgh, is becoming increasingly

valuable in diagnosis. Irradiation of a patient by it is about half29
that from~Il5l,,assuming that the biological half time 1is equal to the

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

it;BO and Hippuran  labeled with Ilg5 has been used for renograms.Bl

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

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

thyroid testség.and has been suggested for indicating the extent of

33

arteriosclerosis. In a promising new technique for lipid digestion

151 and another labeled

125

and absorption studies, a compound .labeled with I

25 3L

are administered simultaneously.

55

With-Il The promising use of I

in radiography”” is indicated by a photograph of the bones of a hand

made with this isotope (Fig. III-1). -Exposure to both patient and

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

-35.4-kev photons. Portable x-ray equipment is being developed with
125 36

I sources.

1192 (2.3 hr, 1.5- to 2.1-Mev B's, 0.53- t0.0.95-Mev 7's).
32

The use of Il , which is easily recovered from a tellurium source,

would decrease patient exposure to 1-2% of that from I151 and would
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TWO PHOTOGRAPHS OF HAND, TAKEN WITH IODINE-125

Fig. III-1 a
Fig. ITT-1 b
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allow repeated administration;57v Thyroid function after 1151 therapy
1%2 '

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

151‘ 38

‘energy gammas are easily detected in the presence of residual I

23 (13.3 hr, no B, 0.16-Mev y). With 1125, exposure of a patient
21

would be only 1-5% of that from Tt
39

Experiments on preparation of

curie amounts are projected.

1124 (b d, 1.53- and 2.13-Mev B's, 0.6- and 1.72-Mev y's).

Todine-124 has been suggested for greater uniformity of dose in thyroid
. 40

carcinoma.

Phosphorus

po° (14.3 4, 1.71-Mev B, no y). The largest use of P° is in

treatment of polycythemia vers and chronic leukemia.l It has not. been
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 P52 as the-phosphate.ul

32 198

Colloidal chromic phosphate-P”~ and Au , as well as nitrogen

mustard, for control of malignhant intracavity effusions are compared

in a recent re*\;'iewlJr2 of 222 cases treated with_P52 and 2110 with Au;98.

Colloidal chromic phosphate~P52 has been used for palliation of cancer,
and colloidal zirconyl phosphate-P32 administered intravenously to more

than 250 patients with chronic leukemia and4l§mphomas is reported to
43

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

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

L

genesis using sodium phosphate-P52 has been described, and the ability

32

of newly proliferating cells to concentrate P”~ has been used to
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differentiate benign -from malignant G)cula.rlcesiorls.!‘Ls
.Gold

a® (2.7a, 0.97-Mev B, 0.41-Mev 7). Gold-198 is most commonly

used as a col}eid;l which has -0.003~ to,0.00Y-u-dia;.particles. When
ﬁhis'material is admigistered to a pat;entfand a scan-is performed,
normal liver shows an even.gradation»of'actiVity; but lesions result
in activity conc:t—:n’crafciovns.V;;Ll'6 Diagnostic uses include determination of

15

liver blood flow, and in regions where the parasitic Taenia.Echinococcus

granulosus occurs ‘it has been used for localizing hydatid liver cysts

L7

and feor feollewing up healing after drug administration:or surgery.
Colloidal gold has been used in treating both primary carcinoma
,and-metastases.h8 Transportation te the lymph nodes is hastened .if

the particles are coated with silver;hg but radioactive colloidal gold
50

has been injected directly into the Iymphatics. ‘Other uses are in

51

treating leukemia”™ and .in conﬁrolling;malignancy?induced‘intracavity

fluids.52
198

Interstitial implants of Au” seeds have been used for hypophy-

sectomy and for-palliation:df metastatic ca,rcinoma.s5 The hypophysis

Aimplantatien reguires about.30 min. Problems in surgical and radio-
« 5

“therapeutic pituitary ablatien are discussed in recent reviews.

..Chromium

ot (28 4, no B, 0.32-Mev y). Hexapositive CrSl,,in Ngécf?loh,

" attaches to the red cells and may be used to determine such quantities
as red Céll survival time4l A new instrument for accurate blood volume
~meaéurement uses Cf5l-tagged red cells or Il3l-albumin.55 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 for a simple method for'qpantitatidn of menstrual
blood loss’C and for spleen studies.” ! Tripositive chromium (as

Cr51013) in solution attaches to plasma proteins and is useful for
51

determining plasma volume. Serum albumin labeled with Cr”~ is easily

prepared and has been introduced for demonstrating gastrointestinal

58

protein loss.

p) 59

Implants of Cr L have been recommended for cancer therapy.

‘Iron

Fe?? (45 &, 0.26- and 0.46-Mev B, 1.1- and 1.3-Mev 7). Detailed

methods for Fe59 tests are described in a recent brochure.60 As the
chloride, citrate, or sulfate, FeS9 has been used for-iron«absorption
and uﬁilization«studies.6l It haé also been used for determining red
cell survival time, but the necessity of labeling the cells in vitro
makes it iess convenient than Cfsl. ‘The ‘advantages and disadvantages

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

Fe55 (2.9h‘y, O,OOS9—MEV x ray following electron capture).

Comparison of the percentage utilization}of intravenously administered

Fe’? to that of o;gltFess has been used for iron absorption studies.65

Mercufy '
203 | | : S
Hg (47 4, 0.21-Mev B, 0.28-Mev 7). Besides the use of mercury
6.

isotopes in tracing kidney drugs, HQEOB has been used for localizing

brain tumors and for determining cerebral»circulation.time.65 Neohydrin

and Chlormerodrin labeled with‘HgEO5

66

tions.

have been used for kidney examina-
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.Boron
10 . 10 . . . .

B _When-the stable isotepe B 1is depos;ted.ln brain tumor
“tissue and activated by neutron bombardment, the released alpha radi-—:.
ation is effective for control and pa.lliation.67 By this treatment,.
cells of transplantable sarcomas in mice have been killed and cancer
has disappeared .in 2-4 weeks.68 This method of treatment is not new,
but basic techniques :are still being.investigated.69

Fluorine

.Flg (L.87 hr, 0.65-Mev positron emission). Fluorine-18 has ‘been

used as a;replacement,forVCahT and SrSS,in bone SCanning.TO It has
also found application in thyroid studiesTl and .in -locating brain
tumors.72

Selenium

sel? (120 4, no B, 0.14- to 0.28-Mev y's). The high specificity

of‘8é75—selenomethionine for the pancreas suggests that this compound

might" be usefulvin early detection of pancreas ca.rcinoma..75
Krypton

;Kr85 (10.6 y, 0.67-Mev B). Because of its low solubility, in-

Jected or'inhaledKr85 is useful in determining cerebral and coronary -

Th

bIbod flow and cardiac and pulmonary shunts. -For example, if a right-~

to-left cardiac shunt is present, activity in the arterial system rises

rapidly vhen Kro> is given intravenously.'® If & left-to-right shunt
85

fié present, the Kr 7 concentratien in the pulmonary artery reaches a

value 20 times that in a systemic artery following.inhalation of this

gas.76 A simple technigque for studying pulmonary function with Kr85

7

has ‘been devised, ' and a neW'techniqpevfor rapid and accurate
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4
]

measurements of serial‘ﬁeart blood flow was reported recently.78

Strontium and Yttrium

520 (28 y, 0.54-Mev B, 2.27-Mev B from~290'daughter, no ).

In an external source containing Sr9o designed,fbr use in ophthalmoiogy,
the Sr9o'beta.particles are filtered out so that only the Y90 betas.
actually reach the lesion. The lens is not irradiated;;

"Radiation curettage," destruction of the uterine mucosa by radi-

90

ation from a Sr” source placed .in the uterine cavity, has been recom-
‘mended for control of endometrial bleeding when no malignancy is

indicated. ”

Sr85 (65 d, no B, 0.5-Mev 7). Strontium-85 has been used .for

localizing bone tumors80 and for studying bone metabolism. Because of

90

its 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 7). This isotope, which can be obtained

quickly, as needed, from 80-hr YBT

, has been mentionedSl for possible
use in obtaining information available in a.short time; for example,
circulation time, cardiac ocutput, and various clearances, and in radiog-
raphy.

v (64.5 hr, 2.27-Mev B). Injected ceramic v° particles of ~60

u dia., which are trapped in capillaries of the lung, liver, and other
‘organs, have been used for cancer thérapy.82 Thirty-five patients

with Parkinson's disease were .improved by brain implants .of ceramic

Y9O 290 may be eluted with citrate from a cation

90

exchange resin preparation of Sr” . It may be infiltrated as a solution,

beads.85 Carrier-free

implanted in a plastic filament, ©r applied in a bag or absorbed in
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blotting;paper.85

Because it is a pure beta emitter, colloidal YQO results in less

98

exposure of hospital personnel than Aﬁl , and it has been used for

“contrel of malignancy—induced'effusions.86 Complete pituitary destruc-

tion has been reported as a result of packing the fossa, following
87

surgery, with powdered Y9O dispersed in wax. For superficial radi-

ation therapy, 290 has been incorporated in small plates, which can

be selected to cover an irregular‘aréa.88 Transperineal injection ef

¢ 89 TIntravenous YO gave good

90

has been used for prostatic cancer.
results in eight polycythemia vera patients.
.Calcium

Ca)-l-5 (16)4- d, 0.25-Mev B, .no 'y). .C‘a’lcium-el#S has been used de‘

studying calcium metabolism, Pagett!s disease -of bone, and hypopara-

91

thyroidism.”

¥

céhT (4.7 4, 0.66-and .1.94-Mev B's, 0.48- to:l.EeMeV«7'Sfaccom-

panied by 3.5.d sc*7 daughter with 0.46- and 0.62-Mev B's and 0.175-

Mev 7). Possible medical uses of the now-available CalLT

,.-Wwhich is of

interest because of its high gamma energy, are being extensively. inves-

tigated.”®
. Cobalt

P (5.3 y, 0.31-Mev B, 1.17- and 1.33-Mev 7). By far the larg-
est use of C06o is in teletherapy units;lb’c’95 descriptions of which

may ‘be obtained from various equipment manufacturers (see~also book.

review section of thisVissuﬁ). Such units were widely'diStributed by

)

1959 (Table III-2 In 1962 they were reported to number 1400, of

which 550 are in the U.S.A. and Latin America;95 They are reported96



e Unit - . : Unit
Location . Location
: | 1192 o 15T PO 192 3T o0
Africa . ' Lebanon - - 1
Algeria - - 1 . Philippines - - 4
Union of South Africa - - 1 Thailand - - 1
America j , Europe
Argentina, - - 3 Austria - - 2
Brazil ’ - - - 8 Belgium - - 2
Canada - 2 2L Denmark : - - 2
Chile - C - 2 Finland ‘ - - 1
Cuba, : - - 2 France - Lo
El Salvador - - 1 Germany (Fed. Republic) - - N
Mexico - - 12 Greece - - 3
Peru o : - - 1 Hungary - - 1
Puerto Rico - < 2 Ttaly : - - 26
United States - 6P 26U Mona.co - - 1
Uruguay - _ - - 2 Netherlands - - L
Venezuels A - - .5 Norway : - ‘ -
' ’ ’ : Portugal - - 1
Asia : Spain , - - 5
Burma - - 1 Sweden - - T
Ceylon - - 1 Switzerland - - L
China (Taiwan) - - 1 ' United Kingdom 1 8 3%
Hong Kong ‘ - - 1 Yugoslavia - - 1
India - - 3
Indonesia - - 1 Oceania
Tran ‘ - - 1 Australia - - L
‘Israel ; - - 3 New Zealand - - 2
, : . - _ e
Japan 200 Totald 1 18 689

See following page for footnotes.

66
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Footnotes to Table
aReprinted, with minor style changes, from reference 9k.
bThese figures represent the number of licenses issued as of
Auvgust 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 vhich informetion is available.



91

to be in use in Communist China, and have been referred to as the most

97

important product of Atomic Energy of Canada Ltd. A nonroutine use

of 0060 teletherapy is a possible new treatment for leukemia -in which

blood, circulated outside the body through a tube, is exposed to 0060

radiatibn.98

Cobalt-60 needles have been implanted in tumors, and seeds en-

closed in nylon tubing have been used in interstitial therapy and»ih

60

wounds after surgery for a malignant condition.99 Spheres of Co ,

gold-~plated to prevent dusting, may be placed in hollow organs such

as the uterus or bladder.loo Cobalt-60 may be incorporated in plastic.
and molded to fit irregular areas such as the oral cavity;lOl
Vitamin Blg,labeled with 0060 has been used in diagnosing perni-#

103

. ' . 102 . .
-clous anemia and . localizing liver tumors.

Other: Cobalt Isotopes. 70056 (77.3 4, 0.4h4- and 1.46-Mev B, 0.85-

l.fSuMev y); co” (270 4, no B, 0.014- and 0.12-Mev v); 0058 (71 4,

0.48-Mev B, 0.81-Mev 7). Various other cobalt isotopes have been_usedl

to label vitamin 312‘ Cobalt-57 is repor’cedloz’L to give the lowest
irradiation of a patient. ILabeled vitamin 312 (COST) has been shown

105

to concentrate in the parathyroid in dogs and is therefore poten-
tially useful in parathyroid conditions.
Cesium

CslBT (30 y, 0.51- and.1l.18-Mev B, 0.662-Mev y from daughter 33157)'

This isotope, which is recovered as a by-pfoduct,from the processing of
nuclear reactor fuel, is a relatively new isotope, but many Cs157 tele-
therapy units are in use (Table III-2). The long half-life and low

cost .of the activity are the principal advantages-over'(}o@° Typical
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lc,93a,106 (See also book review-

units have been described elsewhere.
section of this issue.)
JIridium

.Irl92 (T4 4, 0.67-Mev B, 0.30- to 0.47-Mev 7's). Radioiridium
192

teletherapy is an:old_idea.;lo7 A new 100-curie Ir irradiation unit

weighs only 38 1b; a 10-curie source weighing 28 1b is also available.108

A unit with interchangeable ends of different sizes and shapes, for

interorificial therapy, has been described recently.lo9

The half-life of Ir-’° is about 5% that of 0060, and its less
penetrating gamms rays allow greater local absorption and necessitate

less protection for hospital personnel. .Internally, it has been used

as seeds embedded in nylon ribbon or as needles;1lO Experimentally,

192

-labeled resin suspension has been used with external counting
111

an Ir
‘for determining gastric emptying rates.

Arsenic and Copper
Th 64 , : . . .

and Cu (17.4 d ‘and 12.8 hr, respectively; positron emitters).
' 112

As

These isotopes have been used for localizing brain tumors.

»As76 (26.5 hr) and AsT? (26 hr). Arsenic-T76 has been used for
. o

brain tumor localization,'as has As , which yields nearly three times

113 e

as many positrons per average disintegration as As’ .
Gallium

el (14.3 hr, 0.64- and 0,96-Mev B's, 0.63- to 2.20-Mev 7y's).

Gallium-T72 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

14

warranted by the radiation delivered.’l
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8

6
Ga~" (68 min, 1.9-Mev B, 1.1-Mev 7). Gallium-68 has been suggested

for such applications as brain tumor localization by annihiscopy. A
source from which Ga68 can be easily and rapidly obtained has been de-
Asigned.llBV

Palladium

pat% (13.5 nr, 1.03-Mev B) and PA°° (17 d). A mixture of these

two isotopes has been used for interstitial irradiation.ll6

Tantalum
Ta,182

(115 4, 0.36- to 0.51-Mev B's, 1.12- and 1.22 Mev 7's).
Tantalum-182 wires have been used as tissue implants in control of
malignant.conditions.ll7

Ruthenium-Rhodium

Intragastric beta irradiation with Ru106-Rth6 has been tried.ll8

Lutetium

el (175 d; also 6.8 4, 0.50-Mev B, 0.18- and 0.38-Mev 7).

Lutetium-177 has been suggested for infiltration to lymph nodes involved
in malignant disease;l19
Sulfur

g2 (87 a4, 0.167-Mev B, no 7). Sulfur-35 has been used for deter-

mining extracellular water and as a therapeutic agent. in chondrosarcoma
and mycosis fungoides;lgo Labeling of Congo red dye with 835 decreases

the amount of dye needed for diagnosis of amyloidosis, eliminating the

side effects that occur in some patients.lgl Methionine labeled with

855 has been suggested for use in detecting pancreas tumors;lge

Sodium

Na oo (2.6 y, 0.54-Mev B, 1.3-Mev y) and Naeh (15 hr, 1.4-Mev B,



100

2,7~ and 1.4-Mev 7‘s). These isotopes have been used for measuring -

‘sium. However, it must be remembered that Rb

isotope. Myocardial scanning tests have been made with Rb86 in-dogs.

extracellular water, sodium space, and exchangeable sodium; for deter-

mlnlng when skin grafts are complete; and for cancer therapy. 1,123 Be-

cause of its shorter half-life, Nagu hanadvantages for some uses.

Potassium

KA?-(lz.u hr, 5.6-Mev B, 1.5-Mev y) and K+ (22 hr, 0.3- and 0.27-

Mev B's, 0.37- to 0.62-Mev 7*s). These isotopes have been used to

-Tocalize brain and breast tumors, measure exchangeable potassium, and

study potassium uptake by red blood cells.l 12} Less shielding is re-

n

quired with K 5 because of its lower energy gamma radiation.

.Rubidium

6 (19 d,,l.78--and(O.TE—MeV'B's, 1.1-Mev 7). Since rubidium

acfs similarly to:potassium and has a more convenient half-life than

L2

K 7, it has been suggested for use in determining exchangeable potas-

12kc . . 86

‘is.not a potassium
125

.Bromine and Chlerine

2 (35.7 hf,,O.hh-Mbv B, 0.55- to 0.78-Mev y's). Bromine-82

(faﬁios~in-blood and spinal fluid have been used to differentiate be-

126

tween tuberculous and nontuberculous meningitis.:” "~ For determining

127 38

extracellular fluid, it has advantages over the 37-min Cl1”~ or the

3 x T0°-y €120 (ref. 1a, p. 233).

Selutions of Br82,)enclosedfin a -rubber balloon, were used .in

123%e

early work!? for treating carcinoma of the bladder.

. Silver

A (7.5 .d, 1.05- and 0.69-Mev B's, 0.3h-Mev 7). Colloidal
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Ag was one of the early radioactive colloids used;128 Silver-111,
injected inte the bloodstream as a protein-silver complex, is remoﬁed
less rapidly by a cirrhotic-liver than by a normal one;129

Zinc

-Zn§3 (38 min, . 1.38- to 2.34-Mev B's, 0.67- -and 0.96-Mev 7's).

Zinc-63 was used in early work for control of malignant effusions;l

Its use in studying zinc metabolism was reported recently;lBO
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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-
niqueé used in research with radiocactive isotopes were.deVeloped,prior
to World War 1151’2 these ‘methods used naturally radioactive. or cyclotron-
producéd radioisctopes, and counting equipment was scarce and,not-very
sensitive. But, since the availability of reactor-produced.isotopes,
~starting in 1946,5 and. of much better counting equipment as a result of
the developments of Manhattan District. research, these techniques aﬁd

~tools are now available to almost all research organizations. The-result‘
has been an "explosion" of publications describing instances in ﬁhich‘
radioisotopes have helped: to.solve problems that wéuld 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:

“It is not often that a single tool or technique is the uniting
factor to bring together scientists and specialists in such '
different fields as are here represented today. - Radioisotopes
have achieved this because they have unique properties as research

tools and are applicable to every branch of experimental sciencel

This usefulness of isotojés.in all branches of science has'reéﬁlted
~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'developmenp was held at
Oxford, England;lp Other conferences were held at. Oxford in l95h,5 in
Paris'iﬁ.l957,6bin Copenhagen in 1960',7 and in Mexico City in 1961.
Many papers were also presented at.the two Geneva Conferences.on Peaceful

Uses of Atomic Energy in 19558 and,l958°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 & Physical

Medicine Sciences Total
Oxford 1951 : 67 31 . 98
Oxford 1954 46 2L 70
‘Paris 1957 111 118 229

* .
Copenhagen 1960 - 1ks
‘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 subjects. The proceedings of
these conferences provide an effective introduction to the use .of radio-
isotopes in many fields of research and . give a 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 obtained from
%he asyﬁmetric beta~ray angular distribution from polarized 0060 nuclei.
(Paris, Vol. I, T37)

Bdtany: Up to-SO%Vof the material assimilated by a plant.leaf in
the form of sugars labeled with Clu was shown to be-directed from the
leaves to.the roots, where they are converted to organic acids and later

. to amino acids. (Paris, Vol. IV, hgh)
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Biology and Agriculture: The mammary gland of the cow.was shown to

use butyrate (sodium butyrate labeled with Cl%) 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 1151

-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 exchangéability_of‘

F18 between the alkali fluoride -and a fluorocarbon. (Geneva 1958,

Vol. 20, 132)

Analytical Chemistry: The amount of silver in a developed photc-f

31

graphic image was determined by reacting it with Il and counting the

film (Oxford 1951, Vol. IT, 105). Silver in a film has also been deter-

oL Se75, Hg203

mined by reaction with Cr 5. , or Agllo and counting. (Paris,

Vol. II, 284)

Organic Chemistry: It was proved that the iodide in methyl iodide
and molecular iodine (1151) exchange at room temperature (Oxford 1954,

Vol. II, 33)

Physical Chemistry: The solubility of strontium sulfate (labeled’

with 835) was shown to depend on the particle size. (Copenhagen, Vol.-

III, 531)

32 51

Physiology: By using blood cells labeled with'both-P and Cr’™,
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, 193)
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~Metallurgy: - The optimum method for the»purification of’aluminumvby
zone melting'was detérmined with radioactive tracérs‘and activation
analysis. (Oxford 195k, Vol. II, 75)
7 Astronomy: Results of an analysis of a recently fallen meteérite

37 39

for 35-day Ar and 325-year Ar showed that the cosmic ray flux is the'
same in the asteriod belt as it is in the earth's orbit. (Copenhagen,

Vol. I, 3)

Archaeology: The gold and copper contents of 500 Greek silvér-coins
from the fifth century B.C. were determined by activation analysis. From
the results, the source of the silver was found; and from the amount'of
coppef débasement, the economic héalth of the city issuing the coin

could be judged. (Copenhagen, Vol. II, 261)

Meteorology: The water balance for the Mississippi basin was
measured using:tfitium,put into the atmosphere dufing'bomb:tests. ‘It" 
was concluded from this balance that the average residence time of water
in the Upper Mississippi Valley is 15 years. (Paris, Vol. II, 63k4)

» Geology: The age of the most ancient rocks of the Baltic shield of
the Kola Peninsulas in Russié was shown to be 2.5 x 109 vears by means of
the K'0-Ar method for age ‘determination. . (Paris, Vol. II, 550)

It is obviously,impoésible in a publication such as this’fo review
all uses of radioisotopes in scientific research. in the'seétions.Which
follow, some of the major fields in which radioisotopes are used will be
reviewed and a few selected uses in other fields indicated. In this‘
issue the major fields reviewed are physics, biology and‘agriculfure,
inorganic and analytical chemistry, organic chemistry, and geophysics.:

In,future'issues; other research fields will be reviewed.
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. PHYSICS

The ‘relation betweeﬁ isotope'téchpology and‘physics reséarch,has
always been very close. - The prdperties bf enriched stabiekisotopes andvl
radioisotopes that are prepared as'part of thé isotope program are investi-
gated by physicists to further their fundamental understanding of the
properties of matter, and new isotopes and better methods er-thé pro-
duction of already known-isotbpes frequently,resultvfrom'these;physicai
stﬁdies.

Isotopes now provide the physicist with much broader fields fbr
stﬁdyithan.theyfdid préviouslyg rather‘than 92 elementé and about 280 e
stable or naturally occuring radioactive iso£0pé55'they have éloée’to
2,000 individual nuclides to be studied. ' The growth in the number of
new'isofopes'is best.demonstrated by the increasing size of the "Table
of Isdtopés," (the.so-calledA"Seaborg'Tablé")mwhich has been published at

-intervals by the Reviews of'Modern_Physics.lo,'In 1940, this table(wasan

pages; in 194k, it had grown to 32 pages; by 1948, it was & péges; and
in 1953, 182 pages. The latest edition, in 1958, was 320 pages.

Séveral groups - already collegt and distribute data on nuélear'
properties; we do not intend to duplicate théir work. Since déta such
as half—life,.type of decay, and decay energy are necessarybin isotope
work, however, we review briefly the available data compilations and
publications in this issue, and in future issﬁes 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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nuclear data.iS'A_Directory_to Nuclear Data Tabulations;;l by R. C.
Gibbs and K. Way. This directory, which was issued. in January 1958,
included an annotated listing of about 200 tabulations of nuclear data

published"up:tolNovember‘1957'. In the 1959 Nuclear'Data‘Tables,l2 this

compilation was revised and updated to December 1958. Approxima£e1y~60

‘new tabulations were listed. It was updated to June 1961 in Part ki of .

13

the 1960‘Nuélear-Data;Tables. with 80 new references.

The - prlnc1pal group in the United States devoted to gatherlngv
'nuclear data is the Nuclear Data Project, supported by the’U. S Atomlc
EnergyxComm1581on under -contract with the National Academy,of Sciences =~
National Research,Councillin Washington. The work of this gro&p.originated
at Clinton,Laboratoriele.in l§h6,and was‘later»formall&;organized under
the National Bureau of Standards. In 1953, 3ponsorship Was takenibvérr
by the NAS-NRC. The data compiled by this group havé been published in

15

a nﬁmber'of reportSithroﬁgh the years, and currently they are issuing'
data‘in loose-leaf form on 8—1/2 x 11 in.»pages.l6 This new. form,
started in 1958, now supersedes almost all their earlier publications.
The subscription rate for eaéh year is $17. on paper, $20 on card sﬁock,
-and the datavnow.issuéd.fill about eight large three-ring or pést binders.
This group reports all data no matter how‘peculiar unlesslitrhas'clearly

.been superseded. ’It is,ﬁheir belief that unusual or odd values may éome-
times be the clue to unsuspected anomalies. Since only a single value
of each property can be shown.on level schemes, thé‘Nuclear Data Group
selects a value vhich is often shown as "adopted values" in the data
Shééts. In the aépéndix to the.sheets, selected;vélues,fgr 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'suphf
complete data),thié group has published a summary'of‘fbestf data‘on: 3
radioisotopes most frequently encountered. - The data and,référencesv
on which these besﬁ values are based are given in the appendix.‘vThis

17

book, Radiations from Redioactive Atoms in Frequent Use,” covers the

following elements: »HB, Clk, Nage, Néeu,,Pie,'éiss 0136,,K¥2,,Ca45,’f
e, 1, 0o, m®, m, s:0-y°, 191 ana au’%. mis book

waS‘intended:especiallyifor those in the biological and medical'fieldS"
who are 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 Ta’bles15

,are.such,publicationé.

A number of sumaries of data are also avéilable,,ih more.convénienﬁ 
ready-reference form. The General Electric Company,l8 the Harshéﬁ Cheﬁical
Coﬁpény,lg and the Nuclear Research Center in Karlsruhe, Fédéral Republié
of Germanygo publish wall charts of the isotopes. -These'charts, whiéh
are‘quité similar -in appearance, plot. the atomié numbef‘of thé nuclide
against.the neutron number (atomic mass minus atomic number), as. shown
in Figure IV-l. .Each of them requires a wall space of about th feet
by four feet for mounting;,and.the Harshaw and. Karlsruhe charts are‘iﬁf e

color.

Another reference compilation intended for desk use is the Trilinear

Chart’of‘Nuclides,gl by W. H Sullivan. This chart, rather thah being
‘made for mounting on the wall, is in a 10 x 12 in. loose-leaf binding
and accordian-folded. The entire chartAwhen stretched oﬁtris.about,lY

feet long. Using hexagonal shaped blocks, as shown in Figure IV-2, thé:
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author plets atomiC~number agaiﬁsﬁ atomic weight,;atcmic-nﬁmbér’aéainStb‘ 
neutron~number; and atomic weight against néutroﬁ’number, with~équal
emphasis. Revisions are made pefiodicaliy by pasting gummed stamps

over a nuclide for which values have changed,-

- The most up to date single-volume compilation of nuclear data is

EngrgﬁfLevelS‘of’Nuclei: A =5to A = 257,22 PUinsﬁed_in 1961'as the_ 
~ first .volume of the new. Landolt-B8rnstein series: - The béok5VWhiéh
contains three different. tables, covers the‘literature tovabout<Jﬁne
1960. The first,fable is a.coﬁpilatién of nuclear data on*éleméﬁts of
‘atomic weights 5.to 20 by Ajzenberg-Selove and Lauritsen. The second
table, by Way, Gove, McGinnis, and Nakasimé,_coVérs{elements'pfzatomic:
weights 21 to.212. The,third,.by'Jf Scheer, cOvers'eiémentS'fro¢ ét6mic.
wéight 213’to.257. Because members of the Nucléar;Déﬁa.GrGup'partici- ‘
pated 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»l958..‘A Russian.

book,kDecayJSchemeslof Radio’activell\luclei,23 bnyzhelepov‘and Peker; h&s 
recently been published in a translation by D.rLyvAllan. An earlier

edition of this book was translated<by'Atomic-Energy'of Canada,lLtd.,'i

Chalk River, in 1957.2M NuclearbTables, Firsthart,~Nuclear‘Properties;25
by.Kunz and Schintlmeister, which also seems to have had its origin.in
. Russia, covers data to about 1958, The'introductor&;material is giVen
in German, English, and Russian and the tables ére in German. The
second part,.Nuclear Reactions, has.not yet~been'pubiisheds
| ' 26

Two other tables, primarily of historical interest, are by Mattauch,

27

and by Grdgoire, Joliot, and Curie.”' The Mattauch tables were published
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in 1949 and include data to the end of 1948. They are roughly equivalent
in content to the "Seaborg Tables" of that year. - This was the last of

thé«Isctopic Reports issued periodically by the KaiseTAWilhelm,Institutv

fllr 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.i of their: Radiochemical
MManualeslin Jahuary 1962, »ThisleO-page book contains.the fdlloWing‘
tables: o -
1. . Physical Characteristics and Availability of3ImpOrtantV' 
- Isotopes ‘ | |
S 2. .Ph&siéal Data on Iﬁﬁurityllsotopes
3,4, and 5. The Naturai Radioactive Series
6. Beta-Emitting Isotopes Grouped by Half-Life and Radiatibn
.Energy
‘8. . Positron-Emitting Isotopes
9. Approximate Minimum Detectable Aétivitieé
It also includes sections on Production of Isotopes,. Special Irradia-
tions in Reactors,. Physical Charactéristio;s of Radioactive Sources‘,

and Standardized Radioactive Solutibns.

Neutron«Cross—Sections

One of the most important nuclear properties in atomic energy
work 1is the neutron croés-section. Severai groups among the Atomic
Energy Commission,contractors are actively,engagedfin;cdordinating and
collecting data on cross-sections. To cor:elate: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-section measurements, evaluates
the need for cross—section information in the various activities of the

Commission, and suggests appropriate research projects. Informal progress

29

reports, giving the status of neutron cross-section work at the various

sites, are issued.
- The neutron cross-section project at Brookhaven National Léboratory v

is divided into two parts: the Reactor Cross Section Evaluation Group

30

which publishes periodic news letters summarizing new cross—section

data, and. the Neutron Cross Section Compilation Group which has published
31

a collection of neutron cross-section data. Tt is an aim of the com-

pilers of this work to pick the best data where this is possible. This

group also published a compilation on Neutron Cross Section Angular

32

Distributions

in June 1956; a new edition is due before the end of

1963. D. J. Hughes, who headed the Brookhaven project until his death
' 33

in 1960, wrote.Neutron Cross Sections, which gives & brief explanation

31

of neutron theory, explains how the data in the neutron tabulation”  -were

obtained, and tells how to use .it.

The other group in_the AEC working with neutron cross-section daté
is under the direction of R. J. Howerton at the Livermore site of the
"Lawrénce Radiation .Laboratory of the University of California,v Their

3

compilation”” is in three parts: (1) a tabulation of neutron cross—
sections from 0.001 to 1k.5 Mev; (2) a list of "best values" from Part I
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.
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BIOLOGY. AND AGRICULTURE

No other field of science has felt the impact of isotopes as
strongly as biology. Since isotopic tracer research techniques 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
ﬁo stable to artificially radiocactive.isotopes. - Hévesy. (This is the
Nobel Prize Winner who signed 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

35

Research, pioneered many of these uses. (See p. )

In 1923, Hevesy first used an isotope of lead (thorium-B) to study
its distribution in the horse-bean (Vicia gggg).56 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 bismuth (radium—E)¢in the rabbit.o

In 1934, after the diécovery of_deuterium by Urey, Hevesy received
some heavy water from him and used it to measure the mean lifetime'of |
water in the human body58 and the speed of exchange of water betﬁeen '
the body of a goldfish and ité environment.59

To complete the.piéture,'in 1935, shortly after the discovery of
artificially fadioac%ive'iSOtOpes, Hevesyused,P52 tbat“heahad made to

study the metabolism of phosphorus in rats.ho
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Despite thése early uses of isoﬁopesvin biolég& éna the‘pawer-of”
lthé method, isotopes did not éome into general use -in biology untii af£érv
Worid War II. There were‘twolreasons for this slow grOWth. First,rgéod
trééefs with 1ong halfnli&es ﬁere not known for Cafﬁén and hydrogen,vtheb
two most_impoftant biologibal’elements, until léﬁé i9§9 when Alvarez and
Cofﬁog*discovered tritium,ul an& early 1940 when Rﬁbeﬁ and»Kamenhe
discovered Clh; second, isotopes were not generally.éééilable at,reésonablé‘
_priéésxuntil production waé started in nuélear reacfgrs in'l9h6.,;The~
increaéed use of isotoPes in biology since;the.war is fef1ected in the”_

nuﬁbér of‘papers using isotopés published in the Journal of BiologiCalkf;

" Chemistry. In 1945, ré.dioisotopeé were used by authors in 1% of the
reports and stable isotopes in W%. By 1956, 39% of tﬁe papers réportéd
the uée of radiéisotopes and T% used stable ones. B

Iﬁ‘l958 the Atomic Energy Commission published Séveral.bibiiographies
cqvering’the open literature from 1948 to 1957 on useé of isotopes in a
number'ﬁf“different.fields. A brief examination 6f15vof thése bibli-
- ographies, summarized in Table IV—% gives a good pictﬁre of the amount )

of‘;iterature'on'the'use of isotopes in biology and agriculture.

Biochemistry,Textbooks .

'To cover the uses of isotopes as tracers in biology and agriculture,
Vevéﬁ sﬁpgrficially, is too lafge a job to be undertaken in this réview.
Several éood textbooks are available in this‘fiel&;'however,Yeven the
aﬁthorsidf these books emphasize that they can do‘ﬁo more than provide
a general intfoduction to a very large subject. | | v
1k

- Isotopic Tracers in Biology,usiwritten by the co-discoverer of C ,

M. D. Kamen, was originally published. in 19hT. Theil957arevision of
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Table IV-1 NUMBER OF REFERENCES IN AEC BIBLIOGRAPHIES
' ON USE OF ISOTOPES IN BIOLOGY

Number of

Bibliography ' .'~ . References
Utilization of Radioisotopes in Physical and Biological | |

Sciences, General Topi.cs)‘1L5 | k_ , | ' ’u92
Isotope Techniques in Biological Sciences™ 807
Isotopes. in Biochemistry and Biosynthesis of Labeled -

Compounds ™ o 230
Rédioisotopes in Animal Physidlogyh6 B | 2439
Radioisotopeé.in Agriculture} Animal Husbandry, '

Bécteriblogy,.Fértiliéer-uptake,.Plant:Physiology, 'V,<1

_Photosynthesis,. and Entomologju7 | 1335

TOTAL " ,'u7503
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this book included for the first time the use of stéble‘as well as radio-

active tracers. (The original titlé‘was Radioactive Tfacers'iniBiology.)
.This'bodk has a brief review of nuclear cheﬁiétrYfand physics before
discussing the general biochemical éspects ofitraCér:methodoiogy. Kamen
then déscfibés three‘applications‘of tracers in intermediary metabolism:
002 figation‘in photosyﬁthesis, biosynthesis 5f~¢holesteroi, and“biéw :
’synthesisiof ﬁorphyrin. A sufvey of the physiological and medical
aspects of tracers is then foiloved’by'chapters devoted ﬁo the biolqgicgl
uééébof isotopes of specific elements: hydrogen; carbon; oxygen;,ﬁitrogeﬁ;
phosphbrus;and éulfur; and trace elements. | B

No .review of books on the use of radiocactive tracers in biology

would bévcompléte'without a mention of Hevesy’s'bqok;,Radiqactiﬁe‘Indi—v
catqfs;ug:published in 19h8. As mentioned above, Hevesy originated maﬁyf
of'théftechniques using radioactive isdtopes; theréfore, he is~especiallyv
well fitted to write this book, which is a survey of uses of radidactive,
indicators. in the fields of animal physiology,.péthoiogy, and‘biochemistry.'_'
In the ?reface, Hevesy states that,he‘waé-"contemplafing” a companion V
volume on the use of tracers in plant physiology. This book has not yet
appéared{. Hevesy gave the probable:reason for this and for the fact that
his>b§okihas never been revised in fhe preface when,heiéaid:

" &iew of the increasing use of tracer methods it is very'poésible“
thét.not many surveys will appear in the future,»bui the results
7obtained by meansg of radioactive indicators will be incorporated
.into textbooks dealing with the over-all aspects of the specific
topics concerned. At present, however, it seems Jjustified to

offer a collective presentgtion of the results.
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Hevesy's fOrecast;that,the isbtopelliteraturelwould éoénxbecome too
-voluminous for~surveying in a,single:volume‘was.accurate, and all of,theb'
later texts on the use of tracers in biology and égriculture have made
no attempt .to achieve complete coverage. They'have'given only selected f
examplesf |

Radioactive Isotopes in,Biochemistry,SO by“E. Broda~df thé’University‘

of Vienna, was originally written in German in 1958 but was translated

.intO;English in 1960. This book stafts with‘a revieﬁ.of the prihéipies'

of work with radicactive substances and of radiochemistry. Slightly

over half of thé book, however, describes methods for the use 6f‘isotbpé3’

in intermediary metabolism. The following items are discussed: phospho-

ryiatioh,and photosynthesis, carbohydrates, fats, proteins, nucleic acidé,

and special topics such as immunological problems and biosyﬁfheéis of heme,

cholesterol, and lignin. | |
Three other books concerned with the use of radioisotopes:in bioclogy

and agriculture are briefly described in Section VI, Education with Radio-

52

isotopes: Radioisotopes in Biology and Agriculture,sl-lsotOpic Tracefs,

25

_andvTechniqueslof Radiobiochemistry.

of these,,Radioisotbpes in Biology

and Agriculture deserves speclal mention since:it is the only one that

51

is devoted primarily to agricultural research. Comar's”  chapters on
teéhniqﬁés.forvhandling isotopic tracer experiments with animals and

plants is particularly valuable.

Specialized Books of Biological Importance

Often in biological work autoradiographic techniques are used to -
find where a particular element has been deposited. -Yagoda, in Radio-

active Measurements with Nuclear Emulsioné,sh«describes this method
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with both biological and physical applications. Boyd's book,Autoradio- :

graphy. in Biology and'Medicine,'55 intended for;the biologist .or medical

doctor, .is written with the aséumption that,the reader knows ﬁothingl
‘about - the subject. |

Now. that tfitium is readily,ayailable, it has{become,moré and more
important.iﬁ biological work. The procéedings‘of afsympbsiumvheld in .
Vienna by the Internafional.Atomic.Enefgy Agency in May 1961;'Tritium“  -

56

“in the Physical and Biological Sciences,” gives a good éummary of the .

currenf»status of work using this isotope. The first volume of,the"
pfoceedings diSCusseé the physics and chemistry of tritium, and the
second voluﬁe.covers.biological applications:
TRITIUM IN THE PHYSICAL AND: BIOLOGICAL SCIENCES
' VOLUME II BIOLOGY
"Preparation of Tritiated Compounds
'Generai‘Aspects of Tritium in Biological Studies
Synthesis of Tfitiated Biological Compounds
Radiation‘EffeCts of Tritium
Disfribution and‘Metabolism of Tritiated Thymidine and Related
Compounds 'in. Stﬁdying Cell Metabolism
Use of Tritiated Thymidine and Related Compounds in Radiobiology

Use;of,Othér Tritiated.Compouﬁds;for»Metabolic Studies

. Advances in-Tracer-Methodology357 is 'a collection ..

of papers presented .at an Annual Symposium on Tracer Methodology sponsored
fby NeWLEngland Nuclear -Corporation and other industrial organi2ations; :
This book contains the proceedings of the fifth symposium held in 1961,

and selected papers from earlier meetings. The major emphasis is bio-
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logical'uées of tritium, although several other‘subjeCts,are diScussed:‘
briefly. It has several good paperslon.the Wilzbach58 method of tritium

labeling (exposure of the organic or biological compound to tritium gas).

. Photosynthesis

Probably the most spectacular success of isoﬁopes in biolbgy'ami
agricuiture is the help they have given in solving the problem‘of‘the
chemical mechanisms of photosynthesis (Figure IVFi). Calviniand Bassham

have written two books, The Path of Carbon in Photosynthesi359 and The

3PhotosyntheSis ofnCarbonvCompounds,6O which describe the prdblemé'Which‘,

were -encountered in'studying photosynthesié before -the introduction bf |
:isotOpe§ and the success*that,has been achieved with them. The stofy,tu
'is sumarized in the following quotations from their Introduction and
?rologueﬁ | N

“The separation and identification of metabolites as intermediaté
compounds . in phofosynthetic carbon reduction proved to be an'almbst:

 impossible task, despite the efforts of many able ihvésfigators,,as
long as only classical methodé of analysis were available. vHowever,,
.in 1939, Rubin, Hassid, and Kamen reported a method of using:thé
tracer-element technique in following the mechanism of carbon

59 - o

assimilation.
The technique of Rubin, Hassid, and Kamen,6l mentioned in this
l*quotation, used Cll,,which was a great advance.over'classical methodsj_
but the extremely short half-life of cll[(tl/2 - 20.5 min) still left
much to be desired. The story continues: |

”Fortunately, the discovery of the long-lived isotopic carbons
(carbon-1L) by Samuel Rubin and Martin Kemen in 1940 provided the

ideal tool forvtracing;these synthetic routes.



Figure IV-3
RADIOACTIVE CARBON-CI4
FOR STUDYING FOOD PRODUCTION BY PLANTS-PHOTOSYNTHESIS

@

PHOTOSYNTHESIS -
SUNLIGHT - CARBON DIOXIDE AND WATER
\_ USED BY PLANTS TO MAKE FOOD /

RADIOACTIVE CARBON DIOXIDE

\_ADDED TO AR IN JAR _/ RADIOCHEMICAL ANALYSIS OF

_PLANT PRODUCTS AT VARIOUS
INTERVALS " OF GROWTH -/

SHOWS:
[ - RAPIDITY OF LIFE PROCESSES
2- INTERMEDIATE STEPS IN PRODUCING FOODS
3- ROLE OF CHLOROPHYLL (GREEN PIGMENT)
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”'In'l9h5, carbon-1k4, radiocarbon, became available in large amount s
as a.producf-from nuclear reactors. With the encouragementvaﬁd
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.

TTis year (1961) Professor Calvin was awarded the Nobel Prize for
his work on the assimilation of "carbon dioxide during photosyn-- =
gthesis?6o . o ' ' o

-This gives some idea of the impOrtance.of Clu.in the study of photo-
synthesis; however, it is beyond our scope to discuss details of this
work. Another interesting'commentary on the impact.that isotopes have

had 6n.the.study of photosynthesis is given by"Rabinowitch.in,the intro-

duction to the'last volume of Photosynthesis and Related Proceséés!62

”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.,.....,»Seventeeﬁ'years

~and 2,000 printed pages later itiis time to stop--even if this
closure has come in the midét,of rapid and promising developmentS'

in several areas covered in the narrative.

N mistake, which proved almost fatal to.the completion of the task,
.ﬁas to postpone the publication of the-wholeAmanuscript,iﬁ41945
when it was first finished in draft form, at a time when war had -
imposed a hiatus upon the progress of non-applied research. Inéteéd
only half of the manuscript was prepared for publication atﬂthat'.
time (and actually published, as Vol. I in 1945); while the second.

"~ half was set aside for final reviéion after the war. When in 1946,
the author~returned.frdm the Manhattan District.to.the Solar-Ehergy
_Project at. Massachusetts Institute of Technology, the rapidity with
which new research data began to.écCumulate made it difficult . to

: )
‘digest and fit into the frame work 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 énimalS'is another important use of iéotopés in biology'and
agriculture (Figure IV-L). The growth of papers in this field has been
at least .as explosive as that”in photosynthesié. Beca@se complete covefége
of this large amount of work would require all of our,available~space,’ﬁe
will only note some of the books’oh,metaboliém which contain much work
‘using:isotopés.

A very dramatic example of how the literétufe in this field haé

grown ‘is in the study of mineral metabolism in humans. 1In 1939, Shohl's

book on this subject, Mineral Metabolism,63 was almost 400 pages long. -

Publication of a new 2-volume, Y-part, book on Mineral Metabolism,64 which

was intended to have the same scope and coverage as Shohl's book, bégan |
in 1960 and the last 2 pafts have just.been released. These L parts are
now . over 1600 pages. | |

In biology and agriculture, two.bf the most important elements ih‘,
plant and animal métgboli;m afe nitrogen‘and,phosphorus. The metabolism
of each of these:elements has been covered in at least two books. In a .
sympbsium at The Johns Hopkins University in 1955, the function of metallo-
flavopfoteins in inorganic nitrogen metabolism was discussed, and these |
papers have,been_pu,blished.65 Another-book .published recently that coveré
nitrogen metabolism in plants66 has .a  bibliography of 215 pages. . This

gives some idea of the amount of work being done in this field.



Figure IV-4

RADIOACTIVE PHOSPHORUS - P32
FOR swov OF PHOSPHATE FERTILIZER umxz

P32 INCORPORATED A\ - ®
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" FOR RADIOACTIVE  FOR TOTAL
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SHOWS

- FIXATION OF - PHOSPHORUS BY SOIL

2- PHOSPHORUS UPTAKE BY PLANT

3-PROPER TYPE AND PLACEMENT OF FERTII.IZER
4-EFFICIENCY OF FERTILIZER
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Symposia were held’at The‘JohnsvHopkins University in both 1951

and 1952 on the role»of*phosphorQS'in the metabolisonf plants:and animals.
The“proceediﬁgs of these symposia.were\pubiished in_two,volumes.6T

| The metabolism of ét least.three other elements has also been covered
in mohographs.' The relétionéhip of aniﬁals, plants, and'the,soil in
copper metabolism was discussed at .a symposium68-on 60ppervmetabolism; ;
‘held at Johns Hopkins in 1950. - Because of the short half-life of Cul*-
(tl /o= 12_.8,hr),,isotopes were not used. extensively in the stuaies

‘reported; however, a good paper describing isotopic methods for: elements =

having relatively*éhprt,half—lives vas given. In~The.Métébolism‘of‘Sulfur

Comfounds,69~published in 1958, the authors note that .of the 800 refer-
encesicited,,over-half of ihem.were~published;after~l950. A book.on‘
calcium.metaboliémYQ was published in 1957. The Intérnational Atomi§ 
Energy Agency sponsored a confefence on medical uses of Céu7 invDeéembér
1961. Although the title is "medical uses," séveral good reports-oh
calcium hetabolism in hu&ans  and on techniques for use of thié new |

T1

~isotope werelgivén.

New Work
It was noted earlier that there was a large-increasevin isotopic
work in biology when long-lived isotopes of carbon and hydrogen ‘were
discovered. Uhfortﬁnately, there ‘is still no good long-~lived radio-
active ‘isotope of okygen. As a rule, when an oxygen tracer is needed,
. . . » 18 o ‘ . _V . . 72375
the stable isotope 0" .is used. Workers at Washington University,

St. Louis, Mo., have recently been producing‘o15 (tl/2 = 2-1/4 min.) by

- the deuteron bombardment . of nitrogen in the air by a cyclotron. The O15
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thus produced by theleA(d,n)Ols reaction is immediately purified'and the
experimental animal breathes it. ‘With the experimentél set-up shown in
Figure IV-S, it‘is possible to usé 015'to‘studyvthe phyéiology 6f oxygen
in the bédy. ‘StudiesAwith,humans have.éhown‘that it is also feésible:tdv
use this method as a diagnosticvtechniqugﬂin‘clinical’mediCine. |
Recently radioisotopes have been used to.studyjthe movement of an
element in the different parts of an ecological sysﬁem. These studies
have now become so extensive that the word "radioecélbgyv.has‘been‘coined
t0.describe them, An example of this type Of study is an~experiment done
at Oak Ridge National Laboratory.Tu' Two-millicurie portions of CsljlJr
.were'put<iﬁ the trunks of several white oak trees. Figure'IV-6téhowsJ
where the acfivity was found 165 daystlaﬁer; ,Potassium-QQ was‘alsb:
in3e¢ted in some of the trees,and the differeﬁces in‘behavior'betweén
Cslah and K#2 were founda' | |

One of the most,eXCiting;new}uses”of‘radioisotoPes.in biology is

“the experiment;-—-hOPefully'named’Gullivér’-— designed to try to .show
‘ 75,76

whether or not there is life-dn Mars. ‘This experiment is based on’
the assumption that .if there is life és we know it on Mars,;there‘will
certainlyvbebmicroorganisms present in'the>soil. FolloWing-lahdingroﬁ ‘
Mérs, the apparatus is designed to shoot two ZS?ftvsﬁrings,c§ated;with
a sticky silicone  grease out into the soil and then.pﬁll them:back in;
A culture medium containing sodiUm.formate-Clh and glucose-clh3(uniform
label) will then be put over the sfring. AIf there is life present,’the'
radioactive carbon dioxide which will be given off can.be determined by‘

a counter (placed so that the clb’ in the culture medium does not affect

'it) and the data telemetered back to earth. The current version of this
' o
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Figure IV-5

TRAPS FOR THE REMOVAL OF NITROGEN
OXIDES, CO, €O, , 0,

SOLENOD VALVE" @g ANESTHESIA ~

Anhydrous Cokium Sulfate . APPARATU«S
(Co50,) ’ :
Mixture of M and
Copper Oxides .

sT - - FRESH

Sodlum Nydroxldo-hbesfu . . . E TO AIR
Absordent L . SMOXE STACK :

DRIERITE

HOPCALITE

ASCARITE:

Diagram shows the method © devised for the utilization of 0'? in studies on the
physiology of oxygen in the body. The radioisotope has e half-life of only 2-1/4
minutes and must be used :meediately after production. The radioactive oxygen is,
produced by bombardlng air with a deuteron beam from the cyclotron, then passed
through filters that remove oxygen compounds other than molecular oxygen before

“belng administered to test animals by means of a trachial tu’be.

From: Atomlc Energy Research 1961 A special Report of the United States Atomic

Energy Comnnssion, 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 days, the tracer had become redistributed in different parts of the ecolo-

gicél 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 Atomié

Energy Commission, December 1961 (p. 115). This drawing is also available

as ORNL-LR-DWG-68158.
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1-1/3 1b. instrument has been tested successfully in Rock Creek Park in

Washington.
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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 tﬁo arbitrary'parts. . Rather than make this split, we will combine
the discussion of literature common to the two fields and then presént ‘
short»sections’on éach subject separately.

7

Radiochemistry has been defined by Paneth'' as "the chemistry:df

bodies detected through their nuclear radiation,"” and BrodaTB

has‘diVided :
the field into fundamental and appliéd radiochemistry. In fundamental
radiochemistry, the radiocelement .is the object of the research}.in gpplied
.radiochemistry the radioisotope 1s used as a tool. Inorganic research
falls in the category of fundamental radiochemistry because the goal is
to learn about the preparation and properties of an isoctope; 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‘differént.
The literature of radiochemistry was reasonably uncomplicated and
easy to féllow until shortly after the discovery of artificial radio-
aétivity'in 1933 by M. and Mme. Curie-Joliot. .For many years, two books
by Paneth'' and Hahn'® published as.the result of their Baker Non-Resident
.Lectureships at Cornell University were the standard referenées. In these
books, published in 1928 and 1936 respectively, only naturally radioactive
igotopes were discussed although Hahn, in a postscript to his.introdﬁction,
noted that the discovery of artificial radioactivity "will withéut doubt
lead in the future té an extraordinary‘broadening of the field of Applied

Radiochemistry." Hevesy and Paneth in the second edition of A Manual of
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Radioactivityao covered both artificial and natural isotopesj however,

the largest part of this book was devoted to .the physics of isotopes and
78

radioactivity rather than to radiochemistry. Broda'  in Advances in

Radiochemistry covered the literature of rédiochemistry 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.

Bibliography

The Subcommittee on Radiochemistry of the NAS-NRC has published an

_excellent bibliography, Soufce'Material for'.Radiochemistry.8l W. 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 procedufe or an elaboraté counting technique
given full play in the regular literature. Often . different groups
record thgir procedures in documents which are circulated within
the framework of the AtOmic Energy Commission. Most of these
documents are also available for sale but many times the "out-

‘sider"” is not aware of the report or of its availability.

This coﬁpilation 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

. soas . . . n
works which, of course, are indispensible in planning new procedures.
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‘Fach of the entries in this bibliography is evaluated as to ité
potential usefulness in radiochemical work. It is divided into the
following major sections: |

Booksvon_radiochemistry5Anuclear:chemistry, and nuélear=physics

‘Textbooks and reference works

‘Textbooks and instruction manuals with emphasis on techniques

General compilations of references.?ertinenﬁ to radiochemistry‘
- Collections of radiochemical procedures

General.

.Monograph series on the’radiochemistry of the elements

‘Ion-exchange and éolvent.extractioﬁ

. Activation analysis

Nuclear geochemistry, oceandgraphy, geochronology

Counting techniques
Nuclear data,compilationsi
Where and how to obtain radiocactive 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 Special

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 Elements

As Meinke noted above, radiochemical separation procedures are

widely scattered and sometimes written in abbreviated fom. Soﬁe»AEC
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ingtallations have compiled theilr procedures and issued.them in the
form of repor’tsag5
The best compilation of radiochemical procedures now available is
the monograph series onAradiochemistry of the elements, being prepared
under the sponsorship bf 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. All the elements except hydrogen, helium,
vlithium,_and boron will be covered in 60 monographs.when this series
. is complete. ATheré are four volumes still to be issued. Table IV-2
is.a cross-referenced table of contents.for the series, which may be

obtained from the Office of Technical Services.for the prices shown in

the ﬁable.

- 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-
‘niques had been used on the Manhattan Project to develop them for the
separation .of uranium, plutonium, and fission.products.

The close similarity between inorganic radiochemical and analytical
" chemical techniques was noted by Finston and Miskel in an article in

3Annual.Beviews of_Nuclear SciencéBl‘L for 1955:
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Table IV-2 NATIONAL ACADEMY OF SCIENCE - NUCLEAR -SCIENCE
SERIES ON RADIOCHEMISTRY OF THE ELEMENTS

-NAS- Other
Element Symbol NS, No.  Elements Authors ‘Price,$
Actinium Ac 5020 RE, Sec, .P. C. Stevenson %.00
» Y W. E. Nervik
Aluminum Al 3032 Ga .J. E. Lewis 0.50
Americium Am 3006 Cm R. A. Penneman 0.75
T..K. Keenan
Antimony Sb 3033 -- W. Maeck 0.50
Argon Ar 3025 Ne, Kr, F. F. Momyer 0.75
Xe, Rn o '
Arsenic As 3002 - ‘H. C. Beard 0.50
Astatine At 3012 -- E. H. Appleman 0.50
Barium Ba 3010 Ca, Sr D. N.. Sunderman 1.25
C. W. Townley .
Berkelium. Bk 3031 Trans- G. H. Higgins 0.50
curium : . '
Beryllium Be 3013 - ‘A. W. Fairhall 0.75
Bismuth Bi W. Gibson
Boron No radiochemistry
Bromine Br 3005 ¥, C1, J. Kleinberg 0.50
I G. A. Cowan
Cadmium Cd -3001 -- -J. R. DeVoe 0.75
Calcium Ca 3010 Ba,.Sr D. N. Sunderman 1.25
- C. W. Townley
. Californium cf 3031 Trans- 'G. H. Higgins 0.50
curium
.Carbon C ‘3019 N, O -J. Hudis 0.50
Cerium Ce 3020 RE, - Sc, .P. C. Stevenson 3.00
: , Ac W. BE. Nervik
Cesium Cs 3035 - *H. L. Finston 0.75
M. T. Kinsley :
Chlorine Cl 3005 F, Br, .J. Kleinberg 0.50
I ~G. A. Cowan
Chromium Cr 3007 - J. Pijek 0.50
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Table IV-2 Continued
NAS- Other )
Element Symbol NS, No. Elements  Authors Price,$
Cobalt . Co 3041 - ‘L. C. Bate 1 1.00
G. W. Leddicotte _
Copper Cu -3027 -- F. F. Dyer 0.75
o . G. W. Leddicotte
Curium Cm 3006 © Am R. A..Penneman 0.75
' T. K. Keenan. - ,
Dysprosium .Dy 3020 - RE, Sec, P. C. Stevenson 3.00
Y, Ac W. E. Nervik
Einsteinium ‘Es 3031 Trans- ‘G. H. Higgins 0.50
4 ‘ . curium .
Erbium Er 3020 RE, Sc, _P. C. Stevenson 3.00
Y, Ac W. E. Nervik. :
Fermium o Fm 3031 Trans- G. H. Higgins :0.50
, curium :
Fluorine P 3005 c1, Br, J.. Kleinberg 1 0.50
‘ I -G. A. Covan o
Francium Fr 3003 -- E. K. Hyde 0.50
"Gadolinium Gd 3020 RE, Sec, P. C. Stevenson - 3.00
' ‘Y, Ac W. E. Nervik ‘
Gallium Ga 3032 Al . J. E. Lewis 0.50
Germanium Ge 3043 - -J. A. Marinsky 0.50
Gold Au 13036 -- -J. F. Emery 0.50
G.. W.. Leddicotte
Hafnium Hf 3011 Zr E..P. Steinberg 0.50
Helium No radiochemistry ‘
Holmium Ho . 3020 RE, Sc, P. C. Stevenson 3,00
: Y, Ac W.. E. Nervik
Hydrogen No radiochemistry
Tndium In 301k -- ‘D. N. Sunderman 0.50
C. W. Townley -
Todine ‘I . 3005 F, C1, J. Kleinberg .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
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Table IV-2 Continued

W. Leddicotte

o NAS- - Other
‘Element Symbol NS, No. Elements Authors  Price,$
Lanthanum La 3020 RE, Sc, P. C. Stevenson 73,00
Y, Ac W. E. Nervik
Lead Pb 3040 - W. M. Gibson 1.75
Lithium - No ‘radiochemistry
Lutetium ‘Lu 3020 RE, Sc, P. C. Stevenson 3,00
: : Y, Ac W. E. Nervik '
Magnesium Mg 302 -- A. W. Fairhall 0.50
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
Neodymium - Nd - 3020 RE, Sec, .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 e L. J. Kirby 0.50
Niobium ‘Nb 13039 Ta E..P. Steinberg 0.75
Nitrogen N 3019 c, O J. Hudis 0.50
Nobelium TNo 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 - 0. T. Hfgdahl 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 - 0.50
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3004

NAS- -Other
Element Symbol =~ NS, No. Element Authors Price,$
Praseodymium Pr ~3020 RE, Sc, P. C. Stevenson 3.00
| Y, Ac W. E. Nervik
Promethium . Pm 3020 RE, Sc, P. C. Stevenson 3%.00
) o Y, Ac W. E. Nervik : o
Protactinium Pa 3016 - ‘H. W. Kirby 1.00
Radium Ra - M. L. Salutsky
Radon Rn 3025 Kr, Ar, F. F. Momyer L 0.75
) Xe, Ne _
Rhenium Re 3028 -- “G. W. Leddicotte 0.50
Rhodium Rh .3008 - G. R. Choppin 0.50
Rubidium Rb 13053 - " G. W. Leddicotte 0.50
Ruthenium Ru 3029 -- E. I. Wyatt ©1.00
» L , R. R. Rickard ,
. Samarium Sm 3020 RE, Sc, P. C. Stevenson 3,00
o Y, Ac W. E. Nervik
Scandium sc 3020 RE, ¥, P. C. Stevenson 3.00
o Ac W. E. Nervik
Selenium ‘Se 3030 - G. W. Leddicotte 0.50
Silicon si 3049 -- W. T. Mullins 0.50
G. W. Leddicotte
Silver Ag 3047 - D. N. Sunderman 0.75
C. W. Townley
Sodium Na 3055 .- W. T. Mullins 0.50
. G. W. Leddicotte
Strontium Br 3010 Ba, Ca D. N.. Sunderman 1.25
_ ' C. W. Townley L
Sulfur S 3054 - G. W. Leddicotte 10.50
Tantalum Ta -30%9 Nb E. P. Steinberg 0.75
Technetium Te 3021 - E. Anders 0.50 -
Tellurium ‘Te 3038 - G. W. Leddicotte 0.50
Terbium To 13020 RE, Sc, P. C. Stevenson 3,00
Y, Ac W. E. Nervik
Thallium T1 E. L, Brownlee
Thorium Th - E. K. Hyde 0.75



‘Table IV-2 Continued

161

Zr

Steinberg

NAS- Other A
Element Symbol NS, No. Elements Authors Price,$
Thulium Tm 3020 RE, Sec, P. C. Stevenson 3.00
: Y, Ac W. E. Nervik ‘ ,
Tin Sn 3023 - W. E. Nervik 0.75
Titanium Ti 303 -- C. K. Kim 0.50
Tungsten W 30L2 - W. T. Mullins 0.50
. . . G. W. Leddicotte. - o
Uranium U 3050 -- ‘J. Grindler 3.50
" Vanadium w 3022 -— J. L. Brownlee 0.75
- Xenon Xe 3025 Ne, Ar F. F. Momyer 0.75
. Ytterbium Yb 3020 RE, Sc, P. C. Stevenson 3,00
, Y, Ac W. E. Nervik |
Yttrium oY 3020 RE, Bc, P. C. Stevenson = 3.00
; Ac W. E. Nervik }
Zine Zn 3015 -- H. G. Hicks 0.5
Zirconium 3011 iy E. P. 0.50
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MThe 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 ghemistry
literature has been. carefully scrutinized, and suggestions are made
as. to the application of procedures which may not have been used

oy . . ¥
for radiochemical separations.

The Subcommittee on Radiochemistry has now started. a series. of mono-

85

graphs on radiochemical techniques, thch 1s a.companion.series to the
.Radioéhemistry of the Elements monographs. These are intended. to.supple-
-ment‘rathér;than replace or‘duplicate:ekistingvreviews 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 éeries covers in'
detail two very specific . and useful types of solvents widely used,ih

85

‘radiochemistry -- high-molecular-weight-amines

85b

& and ﬁrieg-octylphosphine
oxide. Other monographs. in this series cover low~level radiochemical
. separations, rapid radiochemical separations, detection and measurement
-of nuclear radiation, and paper chromatography and electromigration
’£echniques.

. Because of the.importance of solvent extraction and ion:.exchange

techniques to,radiochemistry,;Source'Materiql fortRadiochemistryw8l has

a special section:devoted to them. To.give detailed. reviews.of these

or other separation methods is beyond our scope;. however, the April issue

of,Analytical Chemistry in even—numberedAyears gives. excellent and
complete»reviews-of'theée and many other separation methods.88
. One specialized radiochemical technique is activation analysis, in

which a sample is.irradiated with neutrons and. the resulting radicactive
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elements are identified and the amount present determined (Fig. IV-T).
89

This technique was originated:iﬁ 1936=by Hevesy and Levi, 7 who exposed
samples of rare earths to a radium—berylliﬁm neutron source to detect
and determine impurities. - However, it did not gain wide acceptance
until nﬁélear'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 Ra,cliOc:hemis‘b‘r:;r.81 Several new and interesting

uses of this technique that have recentlyrbeen‘develOPed are discussed

later -in this section.

New Develqpments in Inorganic Chemistry

In general, new developments in inorganic radiochemistry are covered

90

in the Annual Reviewé:of.Nuclear-Science. The 1962 volume contains the
following articles that may interest readers of this review:
R. L. MBssbauer,.Recoilless»Nuclear-ReSonance Absorption, p. 123-52
L. Yaffe, Preparation of Thin Films, Sources, and Targets, p. 153-88
‘R. H. Herber, TIsotopic Exchange Reactions in Nonaqueous Systems,
p. 329-58
G. Burbidge, Nuclear Astrophysics, p. 507-76

Since 1959, there has been a review series, Advances:in .Inorganic -

Chemistry and Radiochemistry. The three volumes that have appeared to

91

date have had more inorganic than radiochemistry, but the 1961 volume
had. an article by A. G. Maddock and E. H. Willis on "Atmospheric Activities

and Dating Procedures.”

92

The first book of Inorganic Isotope Syntheses ‘was published. 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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' Flgure IV-'T | o “
INDUCTION OF RADIOACTIVITY
© FOR ACTIVATION ANALYSIS |

INDUCED RADIOISOTOPES
' ~ o L IDENTIFIED BY RADIATION
SAMPLE IRRADIATED WITH - CHARACTERISTICS
NEUTRONS IN NUCLEAR -

REACTOR

" SAMPLE CONTAINING
UNKNOWN ELEMENTS

- ADVANTAGES:
I - ELIMINATES TEDIOUS CHEMICAL PROCEDURES

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-1D-229 _ RADIOISOTOPES

79t
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stable iseoteopes. A chapter -on general procedures. is. fellewed by chapters

- on methods for synthesis.of compounds.containing;deuterium,atritium,.le,

o8 82, ¢35 130 gna 131

2

‘ New:DevelopmenfsﬁinaAnalytical,Chemistry

New developments in the applications.of radiochemistry'to analysis

- are reviewed every other year»inﬁAnalytical.Chémistry. The most .recent

reviéw, by Leddi'cotte,;was..in;1962.95 ‘The three earlier reviews.were
,by;Meinkel9h These.four‘review,articlesVcontain“over'AOOO'references;'
- but . in the last two 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;intgresting new ‘analytical techﬁique fbr.détermination of dissolvéd
. oxygen in water was fecentlyjdescribed byiﬁ;«G;‘Richter~and A.rS.‘Gillespie,
Jdr., of the‘Besearch'Triangle~Instifute. The»faét.that,even;in;extremely
low,concentration%.oxygeh.dissolved;in water rapidly and quantitatively
oxidizes: thallium metal is the basis for this method. ,Thisjfact,Adis—
covered by WrightJand;Lindsay;95,hadAbeen‘usediin4an,iﬁdustrial instrument
~which measured:the’eleétriéal conductivity of the :effluent stream. ﬁy |

ok

2 : -
 substituting Tl and "counting' the effluent. stream, Richter and Gillespie
could determine 0.2 ppm of oxygen in pure water and were able to use the
method in water containing many more  impurities:than in the original

methed. The authors believe that .this method has a potential sensivity

.greater than any other knewn method. for this determination.

~New;Deve10pments;in,Actiyation,Analysis

Although:actiVation énalysis.has‘been<known:for‘ahrelatively‘long

.time, very few analyses are run routinely by this technique. Meinke and
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ShidelerQT.{ 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 thistieldkare'directed'toward
the solution of both of these problems. - Several. laboratories are
working on small neutron sources that ére relatively portable and not
-too expensive, whereas others are evaluating ways to speed up analyses
and put.them on & .routine basis.

Neutron Sources. Olive, Cameron,. and Clayton of the UKAEA Isotope

Research Group have recently reviewed high-intensity neutron sources -

98

-and their applications. in industry. Nﬁclear reactors are not con-
. -sidered, but radioisotope sources andvacéelerating 1mach.ines'are discussed
.in-some detail. These.auihérs conClude-that»radioiSotcpe sources such
as those shown in Table IV-3 will usually be limited to.a neutron flux
of about 106.to 107 n/sec. (In this section, neutron fluxes stated
without an area term are based on a kLn geometry,j If higher fluxes
are needed, small accelerators will probably be more economical.
HennellyY? has published information on a 1000-curie Sbic’-Be
‘source that has a neutron flux of.lOlOvn/sec. This sourcé has a half-
life.of‘only 60 déys,,but“it:can be easily regenerated: in a reactor.
<He;estimates that it could be operated fdr,$5000fper year. The British
98

review” points out. that.the worst. drawback from this type of source
is its intense associated gamma-ray emission, -about 10 r/hr-at,l 't

from 1 curie.
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Table IV-3 .RADIOISOTOPE NEUTRON SOURCES

Yield

- Source Half-Life n see ! curie™t
2 Be(a,n) 00 22y " 2.3 x 10°
2227 Be(a,n) 22y 1.5 % 107
Ra226-Be(a,n) 1622 y 1.3 x 107
‘PogloaBe(a,n) - 1384 2.5 x 106
Th228aBeka,n) 1.9y " 2.0 x 107

;sblg%aBe(y,n) 60 d 1.0 x10°
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Strain and.Leddicotteloo'have~recently_published work .on alpha,

L1

gamma, .and neutron sources made from Am?ul. They_preparedvAm2 Be

‘sources thai.had a total neutron emission of 4.5 x 106 n/sec. This
resulted in a”flux‘ef'2.56-x:10h nem 2 sect. Although this flux is
low, they believe it would be suitable for macro concentrations of a
large:number‘of'materials. -As Am?”l becomes évailable, this type of
‘source should.be.more‘important.

Nuqleoniclelvrecently;reviewed.the use..of accelerators for the
- production of neutrons. . Currently the major interest.in neutron sources
for activation analysis seemé:to be in the small parﬁicle accelerators
which generate neutrOHS'byithe'HB(d,n)Héurreaction. In the British
-review»mentionedﬂabove,98 data. from the Nucleonics article on such
machines, which cost .about $20,000 (Table Iv-4), are~summarized.b

97,101

- Two recént,reporté describe the installation and use of Texas

.Nuclear Corporation Cockecroft-Walton neutron generators. . The installation

91

at . the University of ‘Michigan is.routinely producing a thermal neutron
flux of 2 X'J.OS,n'cm_2 seé_l, whiéh,the-authors believe is about the limit
with presént.target-designs. The Oak ﬁidgérNationai,Laboratorlel generator -
flux isAaboutHB.S,X~108 noem S sed . |

An interésting;type of neutron-éourcefhas.recentlyAbeen described by
Gluck, McFarling, Kircher, Townley, and Sunderman at Battelle Memorial
Institute in a study done for the USAEC Division of Isotopes DeveiOpment.102
Designed for activation_analysis;on a.flowihg stream, the irradiator uses
awPo-Be~source~that,can:be lowered into the activation cell shown in
Fig. IV-8. The activation achieved with this cellvin a fldwing stream

was tested with several concentrations of manganese, indium, vanadium,

and silver solutions.
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Table IV-4 - LOW-COST ACCELERATOR ‘NEUTRON. SQURCES

;Voltage Operating  Beam

Manufacturer "Type Supply “Voltage Current
High Voltage :Engineering Corp. AN 400 - Van de LOO kv . 150 pa
-Burlington, Mass., USA » Graaff V
Texas Nuclear Corp., Austin 17, 9500 - Cockeroft- 150 kv - 1 ma
Texas ‘ Walton :
vsbciete Anonyme de Machines Type J - - Felici 150 kv - 1l ma
. Electrostatiques, 21 Rue
Jean:Mace, Grenoble, .France

20th Century: Electronics, NGH: 150 - 150 kv .1 ma
. Croydon, . Surrey, England ST
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- Rapid Meﬁhpds of Analysis. In addition toféméll:portable neutron
generators, Me;nke\alsolstatedlthat.anélyseé:should.be done rapidly.
‘Three'differentvapprogches.areqbéing‘investigated: (1) Meinke has been
working on quick radiochemical separationamethodSSSd-following'activaﬁion

so:that ~the isotopes with:short half-lives can beudetermined;lOE’lou

(2) Guinn and co-workers™O0? 106

are working on instrumental methods in
which:neutron.activatien.is followed.bngamma-ray;spectr@métry,Qiﬁh né.
,chemistry;,freQuently;the'gamma-ray spectrum.isidetermined several times
to.determine half-lives of various activities;;(é)vWainerdi and co-workers

‘at Texas. A &HM,107’1O8

are:studying‘very;eiaborate techniques:in which -
tthe-activation.and.counting'sequences are<controlled by a computer. - The
samples :are ihtroduced‘ihto»the system;in:batches;bf 100, activated;in
‘the reactor, counted in a. gamma-ray spectromeﬁer, and«the»resultS»are
calqulated.and printed out}‘ Since the entire sequence. is. controlled by
thelcomﬁuter,.this;methodlshbuld.be}ideal for‘routine analyses.:of large

numbers.of samples.

‘Uses of Activation Analysis.  Several l&borat@ries-havé‘recently

looked at.the possibilitiesﬂof'uéing'activation'analysis‘tovaidhin\the

1examination.of‘evidencexfor~léw;enforcemehtfpurposes.
V..P.‘Guinn199¢ofAGeﬁeral AtqmiCS'has:aevelopedAaAtechnique to

determine whether~dr‘ndtéa.suspect haSrrecently_fired a.gun. The technique

-involves careful cleaningfof'the suépect’s trigger'hand,.activating;the

22 ona Bald?

removed material in a.reactor, chemically,separating'thefsbl ,

and determining these two activities by gamma-ray spectrometry.  Guinn
is now working with'the Los Angeles Police Department on:the application

of this method.
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Bate, Pro, and Leddicotte of Oak Ridge National Laboratory and the
Alcohol and‘Tobacéo'Taleaboratory, Internal Revenue Sefvice, have examined
a number of samples of black automobile paint and some soil and soot
'.samples,llo and they have concluded that‘actiQation analysis would be a
‘useful technigque for the forensic scientist to use in identification .of
. these maﬁerials. |

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<anaiysis could.be used to determinerthé ééuse ofldeathVin cases

of suspected arsenic.poisoning.lll 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 éase-in which activation
analysis of a hair was introduced. in cou:ct.ll2 In this case the body
of a young woman was féund 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 activation analysis and the results shown
in Table IV-5 were obtained. - The difference between the P--/Sb>° ratio
-in the two.hairs.wés presented. in the Canadian cpurts as evidence of

identity.
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Table IV-5 NONDESTRUCTIVE ANALYSIS OF SINGLE HAIR
IN EDMUNSTON, N.B., MURDER

B-activity®

total, Sp2 vSBS p2/gP?
c/min c/min c/min
Exhibit hair specimen 3540 1783 1757 1.02
(found in hand. of victim)
‘Male suspect hair 2462 1272 1190 1.07

Victim's hair 1908 1276 632 2.02

*
B-activity after 20 days decay

S35 .low-energy component on B-absorption analysis -- decay confirmed

:P52 high-energy component'on 5-absorption analysis ~-- decay confirmed
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.ORGANIC CHEMISTRY

For years the organicbchemistvhad needed a method to distinguish
between carbon atoms in various parts of an'ofganic molecule. With the
availability of radioisotopes, his need was answered;land now, for the
first.time, he was able to say with assurance how the various parts of
a molecule behaved in a reaction. Obviously, the most.important . isotope

1k

in this work.is C'', but the stable isotope Cr- is also used when two
carbon tracers are needed. Tritium sefveS'extensively for tracing hydrogen,
and if a second tracer is needed, deuterium is available. . Sulfur-35,

32 131 - PRI . ‘
P77, and T are also used to a limited extent.in organic research.

Several good .bocks. 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.butvalso a history

of its development over the past 15 years.

The first book devoted entirely to the use of carbon isotopes in

113
14

describes techniques using Cll,'C15, and C .. . In the introduction,

organic and biochemistry, . Isotopic Carbon, was published in 1949, and

Calvin indicates the tremendous interest. which had started to develop
in this subject:

"It is. our conviction that .isotopic carbon aé 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 scdpe of
‘ this book, and they have been included -only as a bibliogfaphy,
Appendix X, which contains all published tracer applications of
isotopic carbon up to,July,,l9A8.“ [Appendix X contains about 195

references. |
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_After 1k years, Calvin's book is still a valuable reference. .He

b and Clﬁ.

describes most of the basic techniques for'ﬁorking with both Cl
. In one chapter-of almost 100 pages, he summarizes all of the syntheses

of organic compounds:with‘isotOpes;published up-tO.April 1948. Since
most of the compounds described were .the fundemental ones needed in

many organic. syntheses, this chapter<is‘stili useful if one wants to
synthesize, rather than buy, a specific compound.

Nevenzel and co-workers at. the Medical Schdbi of the University of
California at Los Angeles have prepared;fwo7bibliographiesAof the litera~
‘ture on synthesis,of-organic compounds containing isotopes. Their
original bibliOgraphyllh.covered compounds published through 1952. This
report contained.TMBVréferences-in 175 pages. The organic compounds are
listed by name. in an empirical formula index, and references are given
to a list of original liferature citations. There is élso an author
‘index. - In 1957, the same workers published a supplement to.the original

p)

bibliogfaphyll .which .contained corrections to the original work and

. covered literature:for the years 1953 and 1954. This bibliography was
indexed in the.samé way. as the original and contained about 550 additiqnal
references. ‘At,thiS‘point, the.authors gave up thelr original plan to
-follow.all literature on the synthesis of ofganic compounds containing

“tracers:

" ' ' .
The originally planned yearly supplement.to this bibliography has

proved impractical with the limited manpower presently available.
Future supplements will be compiled on a reduced scale with emphasis

[\Y
being placed on abstraction of more obviously preparative papers.
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Murray and Williams in 1958 published a two-volume: work, Organic

Syntheses with Isotopes.ll6 The first4volume~describes”syntheses with

Clhvand thejsecond‘discusses compounds -labeled with isotopeé.of the

halogens, hydrogen, nitrogen, oxygen, phosphdrus, and sulfur. The

authors cover the literature through 1955. - They include chemi‘cal, but

17

not biological syntheses. Catch‘,l .in . discussing Murray and Williams'

book says:.

"Mhis last book, after a brief and useful introduction -- too brief
unfortunately to cover the field adequately -- embodies .about 800
practical methods for isotopic syntheses, of whichvover hOO'in
Volume,i-deal with carbon-1k.  References and brief information on

.many more preparations are also given. The methods are presented

in the style of Organic S_ynthesés, and this may lead the incautious
reader to assume that (as in that. unrivalled.collection) all the
methods have been independently checked;.bumAthis;in general appears
not. to bé-so,,and a corresponding degree of dependability is not to
be assumed. . With this reservation (which:is not .a criticism). the

book will be found well worth its rather high price.“

- Three other books.on the subject of isotopes in organic'chemistry

shouid also be mentioned. The first, by Burr, Tracer Applications_for

the Study of Organiq‘Reactions,ll8 was published in 1957. The second,

‘by Catch, Carbon-1lL Compounds,llr‘was.zpublished in 1961. The third and

most -recently published book in the field is .Isotopes in Organic

Chemistry, *” by Miklukhin which was published in Russia in 1961.

.Thé book by Burr is written primarily for the prganic chemist, and
the‘isotopic applications are érranged according to the reaction classi-
fic@tionsfmost familiar~fo the organic chemist. This érrangement,results
in the subérdination;of:techniques:used,in tracer work andlemphgsis on the

resﬁlts. “Byrr's text covers.the literature through 1952; however, he has
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added an appendix. in which literature citations,. arranged by chapters,

are given for material that appeared in Chemical Abstracts up to early

1955.

Catch's book:.is arranged with emphasisAon techniques for working
‘with Clh, and is thus a valuable complement. to Burr's. - He states in
his,introduction that he has not.tried to cover the literature compre-
henéivély; therefbre,vhis bibliographies are seleétive and should .be
.more valuable than:if they had been exhaustive. . He covers the litera-
ture through 1958 with a few references.to 1959 -and 1960. An appendix
pfovides,some coverage through 1960.

No. English translation..of Miklukhin's book is available at this
time. Most .of thermaterial is in tables and references, and both:the
formulas of the.compounds. and the references. to all but the Russian
work .can be:folldwed With,only_a»very:slight knowledge of Russian.
This book is divided into. three parts: (l) "Methods.for»bbtaining
-and Physical Properties.of Labéled'Organic Compounds"” with a bibliog-
raphy of about 1300 references;. (2) "Isotope Exchange Reactions" with
1400 references;. and (3) "Research.on Mechanism.of Chemical Reacti@ns"-
with about .1300 references. The references cover the literature. to thé
beginning of 1957.

Today the organic chemist who wishes to work with tracerS‘frequenfly

-will not have to synthesize avcompound before he starts.work. The. 1962

edition of The Isotope Indexl2o 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 locatioﬁ,.but does

not count compounds having the same label but different specific
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activities. - In addition, about 225 compounds are reported containing
tritiun labels, 95 labeled with §77, 50 with P>=, and 40 with.T'oT,

vTherInﬁernationaleirectoryAof RadioisotoPes,l21 which was published

in 1962 and covered. the entire world, listed the following numbers of

availlable tracer organic, compounds: clh about . 1280; tritium about 250;

131

1131 about 55; PoC about .50; S22 about 120.



A‘GEOPHYSICSA‘

Isotopes have assumed an . 1mportant place in- many fields of geophysics
‘research in recent.years.g The Internatlonal Atomlc Energy Agency held a

symposium.on~oﬁe of thése flelds,,radlpactlve dat1ng,,1n~Athens,,November

19-23, 1962, Thé-January;l965.Infernaticnai:Atoﬁic EnergylAgency Bulletin
had a good report.of’this meetihg,c"Dating fhe“Past-with'Radioactivity."
We reprint this érticle here wi£h a»few.edithiéi chénges and the addition

of some. references which ﬁéy add tolits,value;f’
/rVery soonvafﬁervihé discoVery of fadidactivityj measurement s of the
heavy_radioactivéveiéments-éxisting‘iﬁ'hature,were.Undertaken:to‘detérmine

L, 122 but . only when  Professor- Wlllard

the age éffroéks by Rutherford in 190
.Libby,in aﬂ‘evening leeﬁure‘during:the flrst~Un1ted.Natlons Conference,on
the Peaceful Useswof Atomic—Enefgyyin Gené#aaih}l§5§ aescribed how he an@
his,researéh team had!eVolvedﬂtHe'Clg détiﬁgitechﬁiqne did*researéh,on.
rad1oact1ve datlng recelvé é.real 1mpetus.~ 5~ Sincefthatltime laborafories
in many'countrles have made rapld progress and geologlsts, geoPhy3101sts,
'geodhemlsts,and'archaeologlstsuhave JOlned.forces:WLth nuclear~scmentlsts
to perfect the technlques and w1den the range of 1ts appllcatlons.
Professor leby'had flrst worked Out the radlocarbon datlng techhlque

in theory) hlS team had found and extracted radlocarbon from . sewage slushes
'1n-Balt1more, conductedta-worldw1de assay,of Woodsxand'developed the
necessary countlng pfocedures and.” equlpment., They;then conducted actual
datlngs, both of samples of known age, whlch proved that the method
"worked", and of dbgects_pfrhlthertorunknown age. He flrst‘publ;shed his
findings .in 1952.12u‘ Interes£.in'the.l950's éentréd:méiﬁly;roﬁnd the

Libbyjmethodvusing_clh as the‘"éhrondméter" and the dating of archaeological
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and other'relatively.recent objects.125 Lately the interest and: tech-
niques have again shifted. to the age determination.bf the very distant
past -down to the very,drigin:bf ogr'solar-system and to the application
of ‘the radiocactive -dating method,to-problems.in.the.earth.sciences, such
as the movements of air and water masses, the:origin.and nature of rock
formations,and.the history of meteorites.

”Thié,shiftxof interest was clearly discernible at a. five-day inter-
national symposium organized. by IAFA in Athens, 19-23 November 1962,
which, . although also dealing with Clu,and archaeology, mainly discussed:
_geological and meteoritic problems. The‘symposium.was'co-sponsoréd by
. the Joint Commission on Applied Radiocactivity of the International
Council. of Scientific Unions (ICSU); the Greek Atomic Energy Commission

acted ag host.

‘Methodsvand,Possibilitiés

“ The general principle of radioactive dating“ié based on measuring
the decay of certain givén radioisotopes and/or the build-up rate of
other radioisotopes.in:the decay chain. Tokobtain,resul£s with only
_small marginswof‘error'it<is,necesséry;to knowvas,exactly_as”possible
the half-life of the radioisotope concerned and to be sure that.in the
sample to:be measured: the agtivity‘of the radioisotopes has.not,escapéd
by other means than -the natural decay. One mustTalso be able to measure
»gmall’amoﬁnts.of~radiation, which.is‘difficult bgcause of the back-
gréund radiation that is alwayS‘present from other sources. In radio-
»actiye dating one uses both natural radioisotopes with very long half-
lives which have survived since the formation of the earth and the solar

-system.(nucleosyntheéis) and. -- more recently -- radioactive isotopes



181

formed. by the cosmic ray‘bombardmentfboth.directly'on the. surface of the
earth. and in the atmosphere and beyond;

"The half-life of.Clg, formed- in.the atmosphere by the neutrons frem
.cosmic rays béing absorbed by nitrogen and transformed: into this radio-
active isoto§e~of carbon, had been assumed~in the earlier days of radio-
dating to be éboutv5600 years.lgu In a paper by two Swedish.research
workers .from Uppsala University (Olsson and Karlén)126rit was pointed
out that recent. investigations.at Uppsala, the US National Bureau of

27 and,Aldermaston'(UK)128 seemed to agree.that the half-life

Standardsl
129 s

value more correctly should be set at 5700 years. .The determination

- of the half-life of CluAis.particularly,hnportant'asnthis,radioisotope

is the main tool for measurements up to 50,000 years back and consequently

~the most used method in archaeoclogy. -For dating samples. of much greater

age, radioisotopes occurring in nature are used. A paper by a German

87

and a Swiss scientist (Herr and Hirt) reported the use of Re® with a
half-life of 48 million years to measure the age of iron meteorites.
The results‘corfesponded very well with the general assumption, based
on the results. from:other radiocactive 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.

”JSome 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 a report.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 methodVis to determine the loss of hélium:in’the
sample through;reasons.other than the natural decay, as for instance
through "escape" caused by the highfemission~veloéity,of the alpha
particles, radiatien dgmag@,and heat .diffusion.

“The thermoluminescence method was discussed in a couple of papérs.
This  is based on measuring the glow of a sample when exposed: to heat.
Certain elements undergo-electronic rearrangement when exposed to radiation,
with the electrons accumulating. in "traps". This rearrangement is stable
-at.the normal temperature of the 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.oef datingVuranium-bearing,rocks waé
~to measure the build-up of Pbgoé, which.is a stable isotope at the end
- of the uranium disintegration chain, and to«compafe thisrwith the amounf
of’U258 contained in the sample. The same principle can be used in com-

06

paring the amount.of’Pb2 with other preceding radionuclides injthe

chain.  Experiments reported by Yugoslav.scientists (Gojkovic, Deleon,
‘s - 206,210 .
and Cervenjak) showed that by determining the Pb W/Pb ratio results
. were obtained which corresponded well with .results from.other methods.
“0One of the main tasks. in present-day radioactiVé-datingAis:to
-develop counting techniques and equipment which cén'be used . to measure
the. very low. levels of activity usually involved. - H. Oeschger, of the

.Physical Institute of the Berne University, surveyed present low-level

radiation detectors (gas and scintillation counters) and described
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.methods for the suppression..of the background radiation. -He -was of the
opinion -that . although currently‘ﬁsed:techniques were adequate for samplés
not. older than :50,000 years, imﬁfovements in,techniéues and. devices -~
which'geemed.quite.feasible~—--would open up new. promising possibilities.
In that case, one might, for instance,.use Cll’L for dating up to 60,000
to 70,000 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 be eased. - It was.also most
-probable, he‘éaid,,thét with higher sensitivity in couﬁting1techniques
~unknown ‘radioisotopes with very long half-lives: would be detected.

eBy using ‘a-sensitive mass spectrometer one can obtain reliable
results with the-K—Ar;dgting-method'even;when the séﬁplesuhave low

-concentration or are of relatively short age. Thisiwas reported. by

“tWo German scientists (Gentner and Lippolt) who had,exéerimented with
fossil bones:frbm,the‘Black Forest and volcanic minerals:from the

.Eifel Mountain.

GeologyAandﬂApplicationsiin,MeteorOLng'and Hydrology

Tt ‘became clear -in the course of the Athens symposium that .in:.the
last.féw,years,the radiocactive dating method has not only sharpened its
‘sensitivity, but.also increased its time dimensions.in both. directions.
The progress in methods to.determine-the'ratiotbetween'UZEh.and U258,
,for-instance, has made it possible to make more precise age determinations
'of,samples‘aged;lO0,00vaokmore than one million years (Thurber). .At.the

210,‘formed'in

.other end of the scale; it was shown that the use of ‘Pb
.theVAtmosphere through the decay of the short-lived gas.hagg,,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.a'paperlffbm.California University
v(Golaberg), which reported on studies.of Greenland glaciers and the
Colorado and Sacramento rivers. . These studies also. indicated that. the
composition;of:river»waters'is.determinedtnot only by the. geology of the
drainage'baéin,vbut‘alsé by inorganic or chemical reactions. occurring
‘in the waters.

’The use of Clu,and other radionuclides formed by cosmic radiation
Ain”finding,out aboﬁt:the-large—scale movements .of air‘iﬁ.the atmosphere
were -discussed. In an Indian paper (Lal) it was stated that.it was now
p0ssibleut0’determine'the'rates.of accunmulation of - extra-terrestrial
dust on the earth in the last few million years by measuring the.Al26
and._M,ris5 concentra#ionssiﬁ-these,sediments. At present it is estimated
that .one thousaﬁd tons. of such:dust reaches :the éarth-eﬁery day.

#According to the same paéer, radioactivity,formed.bn-the surface of
the earth by cosmic radiation can also be used for-erosion studies; alt@ough
normal erosion rates are so:high:that.surfaces,exposed at present would
have been tens of meters underground some hundred.thousand years ago.
This method. is therefore suitable-only for measuringiféiatively recent
erosion rates.v Studies :of cosmic .ray-produced radioisotopes have also
been found,useful;in.the study of oceanic.circulation processes and. the
1chfonologyvof oceanic sediments.

“TIt was, for‘instanCe,,reported.(Bién,-Rakestrém;éhd Suess) that .the
estimated south-north speed of the water in.the-Pacific Ocean ameunts .to
10.04 dm/second; i.e. it,fakes approXimately'&OO years for the water at

,hOO s0uth,latitude~to=réach,the 40° north latitude.
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-K. O. Mﬂnnich.from:Heidelberg:University;discussed the measuring of
artificially produced Clu.in,the high atmosphere; he was.of;tﬁe-view‘that
the old'”Box-model" to explain the slowfintermixing1of 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 has been to measure
separated radioisotopes from.a sample. This:method has'the.defect.thai
_some decay prodﬁcts:fromithe;isotope»to be measured have been lost during
the cooling time of the rock. Strontium-87, a daughter isotope of.Rb,
seems, however, to remain.in the rocky. .. a methed of measuring .a whole-
‘rock sample. rather than the separated isotopes. for its concentration
of Rb:in relation :to Sr therefore 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 determininé‘the ihitial.8r87/8r86-ratio.in:the rock at.the time
of its formation. - The authors,reported.thatvfor most rocks this value
is close to 0.708 and this'value can- be used without ﬁaving,to make
indiVidpél measurements;forvéaCh 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,.pfébably by uranium
‘dissolved. in acid ﬁater flowing through alkaline limestone and thus
falling out as uranium:salt (Lenz .and Wendt).

“he K-Ar dating method has been used to determine the age of tekbites
(z&hringer), which are/found;in three main areas: North America,

Czechoslovakiayand Australia. The australites seem to be very young,
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about 600,000 years old, the Czech tektites about 15 million years, and
those from North America more than 30 million .years. Tektites are spheric,
dark-greenish, glassyf&bjects, 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 confent,similar;to that. in acid earth¥formed.rocks,,would
lead to the conclusion that tektites were of terrestrial genesis.
“Therdiscrepancies,found~in using the radieisotopic method for geo-
zlogical.datihg'deﬁend very largely, on temperature.chaﬁgesvand base~eichange
by ground water,. stated J. L. Kulp of Columbia University. He reported
on ‘recent. experimental work on:the baserexchange:propertiesAof bietite,
where age determination results had been particulgrly;discrepanﬁ; His
conclusions were that thermal effects rarely caused.discrepahcies of -
more than 10 per cent, whereas ground water exchanges would explain the
differences that have resulted. from using the Rb-Sr or K-Ar methods.
These discrepancies have their value, however, in,pr@viding valuable
-information:.on a region's geochemical history.
“ A..P. Vinogradov, of the Biogéochemical Institute of the Soviet
Academy of Sciences, reported on Clhvdating,of peat .deposits along.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 fall to.earth,and the pfoductionﬂoﬁ radioactivity in man- -

‘made satellites:wds.the-éubject-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.formatioﬁ of penetrating particles:in~épace.

A United States paper (Fisher) stated.fhatadata;dbtained”from:using
'lead‘as asdafing.toolvshowed that stone metéorites had an age of 4500
‘million years, that is, the.same as .the crust .of the earth. The-evidé%ce
in respectypf ironnmeteorites; using the K-Ar~ratiO'methbd,.sets.their
age at .up to almest twice as muéh. . There are no.other'datauthat,éupport
.the qommbnly held assumption . that iron and stone.meteorites.and.theA
earthritSelf were ‘formed at.the same- time. With;thé results.at present .
-available. one must .conclude that iron meteorites are much.older -than
‘stone ones.

”The same techniques:that are'used.for~measuring.the‘age of meteoriteé
has also been applied lately to the fragments of man-made satellites. ‘A
‘paper from.a‘féseargh group at. the Smithsonian.Astr0physicél Observatory
. (Fireman, de Felice and Tilles) gave a survey of thé'ﬁork-carried.out
there. The paper stressedkthaﬁ.the prodgction‘of radioactivity in
satellitesfis guite different frbm;its-production;in.meteorites. In
meteorites radiocactivity is uniform;. in satellitesvconsiderablé*Qariations
are observed because of their -excentric trajectories and théir-intefaction
with-the Van Allen . radiation belt. - Samples of some Of”fhevDiscoverer
~satellites, it was reported, had been analysed for tritium in lead, steel,
and. aluminium. These’inveStigétions,have a.direct.bearing on:the plans

for manned space travel.
. ' . ' AL .

Other papers ‘described. techniques.for the use of C .or other radio-

nuclides produced by cosmic. rays to date the time of the fall to-earth of

meteorites. The results. so fér'available tend to prove that many meteorites
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have had longer "terrestrial lives" thanuhas:hitherto.beéﬁ»assumed. It
was generally agreed that Clu,provided a good tool.for dating meteorites
and that further~deve10pments,in this technique would increase‘its
accuracy and‘range, which might prove particularly. interesting in:dating -
prehistoric meteorite craters;

(fTo.obfainwthe same kind of information that has resulted.from. the
study of recently fallen meteorites by "direct" observation would require
a .two-year long space.travel in an appropriately constructed space
vehicle. |

“Ehe’spatial and time distribution of cosmic radiation intensity

iwere.dealt with in several papers. . In aapaper~froﬁ'3rookhaven:National'
Laboratory (Davis, Steennery and Schaeffer), a method of comparing the
acfivity,of a short-lived radioisotope with a long-lived one to . establish
the spatial density of cosmic :radiation was described. Argon-3T7, with a
half-life of 35.days, and~Af52-with a half-life-of'BQS:years,vwere useds
The results have’led to the conclusion. that.the presenﬁ‘cosmic.ray
intensity at one Astfonomical Unit. (the earth.orbit) is within 15 pef
cent of the-intensity,at-a distance of several Astronomical Units. The.
-results also showed ‘that the production of radionuclides by cosmic rays
. is independent. of the meteorite's orbiﬁ. . Special studythaSAAlso been
made of the effects of solar flares, as for instance the one that . occurred

357

.in:November 1960,ncomparing'the Ar content. of stainless :steel samples
from Discoverer l?, which,waS'launched,during;thevintense solar.-flare in
November 1960, with samples from Discoverer 18 and 26.

qAnother paper from -the United States (Goel and Kohman) dealt with

varistions in cesmic ray intensity in.time. 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 would be expected.

156 36

The paper concludes, on the basis of C ‘and Ar ‘investigations, that
cosmic ray intensity has been decreasing over the past few hundred million
-years. The research also indicétesvthatAerosion of the meteorite during
its space travel has been "general and significant".

aiﬁese cohclusions,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 greater than the average during the entire life-span of the
meteoriteél Another paper from the same Institute (Vilosek and Winke)
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 catastroPEic for stone but not
for iron. A Belgian-US paper (Cré&vecour and Schaeffer) also dealt with
this question and stated that definite conclusions as to the changes
in cosmic ray intensity in time could be made only after such problems
as thé erosion of meteoritesuin‘space and the production rate of radio-
isotopes in meteorites had been solved, although measurements of the

A126/Bélo ratio indicated that cosmic:radiation intensity had been constant-

~in the last .ten million: years.



5.

190

References .
1. G. Hevesy, Radioactive Tracers and Their Applications,.Proceedings

of the First United Nations International Conference on the Peaceful

Uses of Atomic Energy, Geneva, 1955, Vol. 16, pp. 75-79, United

Nations, New York, 1956.

W. F. Libby, The Atomic Triad - Reactor, Radioisotopes and Radiation,

Proceedings of the Second United Nations International Conference on

_the Peaceful Uses of Atomic Energy, Geneva, 1958, Vol. 19, pp. 84-90,

United Nations, New York, 1958.
Manhattan District, Washington, D. C., Availability of Radioactive
Isotopes, Science, 103: 697 (1946).

The Atomic Energy Research Establishment, Radioisotope Techniques,

Proceedings of the Isotope Techniques Conference, Oxford, July 1951,

Vol. I, Medical and Physiological Applications; Vol. II, Industrial
and Allied Applications,AHer'Majesty's Stationery Office, London,

Vol. I, 1953, 466:p., $11.od, Vol. II, 1952, 17T p.,. $5.75.

J. B. Johnston,.(Ed.), Radioisotope Conference, 195k, Proceedings

of the. Second Conference, Oxford, 19-23 July, Vol. I, Medical and

Physiological Applications,. 418 p.; Vol. II,.Physicél Sciences and
Industrial Applications, 223 Dss Butterworth's ScientifiC‘Publications,

London, 1954, $14 for the set.

'R. C. Extermann (Ed.), Radioisotopes in Scientific Research, Pro-

-ceedings of the International Conference held in Paris in September -

1957 under the asupices of the United Nations Educational Scientific

and Cultural Organization, Vol. I, Research with Radioisotopes in

Physics and Industry; Vol. II, Research with Radioisctopes in .Chemistry |



70

191

and. Geology;'VOl. IIT, Research with Radioisotopes in :Human.and .-

Animal Biology and Medicine; Vol.. IV, Research with Radioisotopes

' ‘in:Planthiology,and,Some Geperainrdblems,;Pergamon;Press,.New'

York, 1958, $60.00 for the set.

International Atomic Energy Agency, Radioisotopes in the Physical

JScienpgs»and Industry,,?roqeedings vathe Conference'on~the Use..of

‘Radioisotopes in the'Physicgl Sciences. and Industry*Héldvby the

In#grnational Atomic Energy Agency with the Co-Operation of the

v‘United.Nations;E&ucatiQpal,,Scientific and Cultural<0rganization,

~at Copenhagen:6flTASeptember,_l96o, Vol. I,.Geophysics,. Metallurgy

“and Solid State Physics, Nuclear;Physics, Industrial Applicatiens,

. Part I: Tracer Applications; Vol. IT, Industrial Applications,

' .Pai“t: II: Applications Using Penetration Absorption and Scattering
of Radiation,.Detectors and Instrumentaxion,,Analytical.Chemistry,

‘Production; Vol..III, Preparation of Labelled Compounds, Organic

Chemistry,JPhysical Chemistry, International Atomic Energy Agdency,

Vienna, 1962.

aProceedingg of the First United Nations‘Inte:naﬁional Conference on

-the Peaceful Uses'of‘AtQmic Energy,. Geneva, 1955, Vol. 10, Radio-

adtive<Is®t0pesfand Nuclear Radiations.in Medicine; Vol. 12, Radio-

active Isotopes and Ionizing Radiations in Agriculture,. Physiology-

" and Biochemistry; Vol. 1h, General Aspects.of the Use of‘Radioactive'

Isotopes; Dosimetry; Vol. 15, Applications.of Radioactive Isotopes

and Fission-Products in Research and Industry, United Nationms,

New :York, 1956.



192

9. aProceedings_of:the Seqond UhitedﬁNationsvInterﬁatiQnal Conference

- on the: Peaceful Uses of Atomic Energy,?Geneva, 1958, Vol. 19, The

Use - of Isotopes: industrial Use; Vol. 20, Isotoﬁés;in'ResearCh;
Vol. 24 and 25, Isotopes ianiochemistry and Physiology; Vol.‘26,
.Isot0pes:in,Medicine;,Vol. 27,‘Isotopeé.in Agriculture, United
Nations, New York, 1958. |

 10. D. Strominger,. J. M. Hollander, G. T. Seaborg, Table of Isotopes,

;Revs. Modern:Phys.,:50:.585—90h (1958).  Available as a separate

publication from American Institute of Physics,. 335 E. L5th St.,
‘New -York 17, N. Y., $2.25.

11. R. C. Gibbs, K. Way, A Directory to Nuclear Data Tabulations,

'NuélearlDatarProject, National Academy of Sciences:- National
. Research Council, Washington, D. C., January 1958, 185 p.,. GPO
.$0.70. :

12. K. Way (Ed.), 1959 Nuclear Data Tables,. Nuclear Data- Project,

WNéiional,Academyuof Sciences - National Research Council,vwashington,
.D. C., April 1959, 151 p., GPO $1.00 p. 1-38.

13. K. Way (Ed.), 1960 Nuclear Data Tables, Part U Short Tables, Nuclear

Data Project,. National Academy of Sciences: - Natiornal Research
Couneil, Washingfon, D. C., December 1961, 249 p., GPO $1.50, p.1-3k.
1. Tuclear Data Committee of Clinton National Laboratory. (K. Way,
Chairman, G. E. Beyd, N. Dismuke, P. W. Levy, H. A. Levy, H.
rSchﬁéinler,.R. W. Stoughton), 1947 Summary of Nuclear Data, August

1946 .- November 1947, Nucleonics, 2 (5 Part.2) (May 1948).



193

15. K. Way, L. Fano, M. R. Scett, K. Thew, Nuclear Data, Circﬁlar<h99,

National Bureau of Standards, Washington, D. C., September 1, 1950,

1309 p., GPO
 Supplement.l, January to.July 1950, April 25, 1951, 56 p., GPO

" Supplement 2, July 1950 to .January 1951, November’26, 1951, 63~p.,bGPO

Supplement 3, January 1951 to July 1951, June 2, 1952, 66 p., GPO

K. Way (Ed.), New Nuclear Data, Nuclear Science Abstracts, 6 (24B)

December 31, 1952, 52 p., GPO $0.25.

Tbid, 7 (2L4B) December 31, 1953, Th p., GPO $0.25.
1bid, 8 (24B) December 31, 1954, 99 p., GPO $0.25.
tbid, 9 (24B) December 31, 1955, 141 p., GPO $0.60.

Tbid, 10 (24B) December 31, 1956, 1k p., GPO $0.60.

Y. Yamada.(Ed.), New Nuclear Data, 1957 Cumulation, Nuclear Data

Group, National Research Council, Washington, D. C., December 1957,

167 p., GPO .$1.25.

K. Way, R. W. King, C. L. McGinnis, R. Van.Lieshout, Nuclear Level

Schemes A = 40.--A = 92 (Covering the ElementS‘Ca-Zr), TID-5300,

NUclear'Data”Project,,National Academy of Sciences - National Research
Council, Washington, D. C., September 1955, 221 p.,.GPO.

K. Way (Ed.), 1959 Nuclear Data Tables, Nuclear Data Project, National

Academy of Sciences - National Research Council, Washington, D. C.,

April 1959, 151 p., GPO $1.00.

‘K. Way (BEd.), 1960 Nuclear Data Tables, Nuclear Data Project, National

Academy of Sciences:- National Research Council, Washington, D. C.,

. Part 1 Consistent. Set.of Q-Values.I. A < 66, February 1961, 21k p.,

GPO $1.50.



16,

17.

18.

19.

20.

21.

22,

" tution Ave., Washington 25, D. C., $1.00.

194

Part 2 Consistent.Set.of Q-Values II. 67 < A < 199, February 1961,
456 p., GPO $2.75.
Part‘3>‘Nuclear~ReactionVGraphs,,August 1960, 181 p., GPO $1.25.

Part 4 Short Tables, December 1961, GPO $1.50.

‘K. Way (Ed.), Nuclear Data Sheets, Nuclear Data Project, National

Academy of Sciences:- National Research Council, Washington, D. C.,

‘Subscription rate $17 per year on paper or $20 per'year»on card

.stock. This form was started in 1958. Sets on paper are available

for 1958 at.$3.50 and sets are available at.the current prices for
1959, 1960, and 1961. The set for 1962-1963 (now designated as
Volume 5) is being issued.

L. Slack, K. Way, Radiations from Raedioactive Atoms in Frequent Use,

USAEC Report .(No Number), February 1959, 75 p., GPO $0.55.

General Electric Co., Dept. MWH, Chart of the Nuclides (6th Ed.),

December 19, 1961, Schenectady 5, N. Y. No charge for single copies.

Harshaw Chemical Co., Chart of the Isotopes, 1945 E. 9T7th St.,

Cleveland 6, Ohio,. $5.00.

Chart of the Nuclides (2nd Ed.), July 1961, published by Federal
Minister of Nuclear Education, Federal Republic.of Germany, available
frOm‘the:PublicatiOHS'Office,.National Research Council, 2101 Consti-

W. H.Sullivan, Trilinear Chart of Nuclides, January 1957, 9 p.,

GPO .$2.00. Revision sheets are also available from GPO for a

‘subscription price-of $1.00.

A. M. Hellwege, K. .H. Hellwege (Eds.), Landolt-BYrnstein. Numerical

-Data and Functional Relationships in Science and Technology Group I



23.

2h.

25.

26.

27.

28.

.29.

195

;Nuélear;Ehysics and;Technology,vVol. I Energy Levels of Nuclei:

‘A = 5-to0.A = 257, Springer-Verlag, Berlin 1961, 800 p., about $53.

“B. S. Dzhelepov, L. K. Peker (Trans. Ed., D. L. Allan) Decay Schemes

.of Redioactive Nuclei, Pergamon Press,. New York, 1961, 786 p., $20.

V. S.szelepovx(sic),AL.vK. Peker, Decay Schemes of Radioactive

. Isotopes,. Publication of the Academy of Sciences, USSR, Moscow,
1957. . (Translated by Atomic Energy of Canada Limited, Chalk River,

1957, as AECL-45T), 176 p.

. W. Kunz, J.rSchihtlmeister,,Nuclear Table53vFipsﬁuPartﬂNuclgar

. Properties, Vol. 1, The Elements from Neutron to.Tin, 1958, 465 p.,

Vol. 2, The}Element5~fromuAntimony1to'Nobelium,.1959, 641 Py

' Akademie-Verldg, Berlin.

-J..Méttauch,,A.rFlammersfeld,JIsotopic Report,. Verlag der Zeitschrift

flir Naturforschung, TUbingen, 1949, 2L3 p., $9.45.

R. Gnégoire, F. Joliot, I. Curie, Constantes SélectionneesfPhysique

 Nucleair (Vol. 2 in Tables de Constantes et Donnfes Numeriques)

Herman & -Cie, Paris, 1948, 135 p.

'The Radiochemical Centre, The Radiochemical Manual, Part.l:: Physical

Data, United: Kingdom Atomic:Energy Authority,.London, 1962, 102 p.,
$2.10.

John A. Harvey; Sécf, AEC Nuclear Cross Section Advisory Group,

~ Meeting,. Hanford, Octeber 28-29, 1959, USAEC Report WASH-1026,

December 1959, 69 p.,. 0TS $1.75.
ibid., Meeting Washington, D. C.,.April 28—29,v1960, USAEC'Report

WASH-1028, .May 1960, Tk p., OTS $2.25.



30.

196

1bid., Meeting Argonne National Laboratory, Sept. 19-21, 1960,

. USAEC..Report WASH-1029, October 1960, 82 p.,.OTS $2.

1bid.,”MeetingﬁLos Alamos, Feb. 20-22, 1961, USAEC Report WASH-
1031, March 1961, 82 -p., OTS $2.

John R. Stehn, Sec., AEC Nuclear Cross Section Advisory Group,

‘MEeﬁingQMIT'and Yale, August 29-31, 1961, USAECZRéport.WASH-lOE5,

October 1961, 45.p., OTS $1.25.

' 1bid., Meeting Celumbia University, Dec. 4-5, 1961, USAEC Report

WASH-1®34, January 1962, 30 p.,. 0TS $0.75.

-Tbid., Meeting Brookhaven National Laboratory, May 1hk-15, 1962,"

USAEC ‘Report WASH-1039, September 1962, 41 p., OTS $1.25.
Nbutron,CrOSS‘Sectién_Evaluation Group, Newsletter No. 1,. USAEC

Report . BNL-607, . Brookhaven National Laboratory, June 1960, 6 p.,

- 0TS $0.50.

" Laboratory,.October 1960, 8 p.,, 0TS $0.50.

“Laboratory, February 1961, 6 p.,. OTS $0.50.
Tbid.., Newsletter No. 4, USAEC Report BNL-672, Brookhaven National
Laboratory, May 1961, 7 p.,. OTS $0.50.

Tbid., Newsletter No. 5, USAEC Report BNL-69k,. Brookhaven National

- Laboratory, October 1961, 8 p., 0TS $0.50.

Tbid., Newsletter No. 6, USAEC Report BNL-T32, Brookhaven: National

Laboratory,. June 1962,.9 p., OIS $0.50.

i

Thbid., Newsletter No. 2, USAEC Report BNL-63k, Brookhaven National

;Ibid‘,“Newslétter‘No; 3,.USAECTReport.BNL—655, Brookhaven National

Tbid,, Newsletter No. 7, USAEC :Report BNL-T768, Brookhaveh'National

.Laboratory,; October 1962, 1k p., OTS $0.50.



1.

32.

© . Part I, Vol.

.35.

. .Part .I, Vel.

197

D. J. Hughes, R. B. Schwartz, Neutron Cross.Sections, USAEC Report
BNL-325,  Second Edition, Brookhaven National Laboratory, July 1, 1958,

373 p., GPO $4.50. ' ' ' | .

D.<J..Hughes,.B.‘A..Magurno,.M..K. Brussel, . Neutren.Cross Sections,

USAEC Report BNL-325, SecondvEdifion, Supplement.No. 1, Brookhaven
National Laboratory, Jan. 1, 1960, .129 p., GPO-$2.

D. J..Hughes, R..S. Carter, Neutron Cross Sections Angular Distributions,

_USAEC. Report BNL-400, Brookhaven National .Laboratory, June 1956,

102 p.,. 0TS $0.50.

- D. . J. Hughes,,Neutron“Cross:Sections,ﬂPergamon«Press,'New York,

1957, 182 p., $5.

‘R. J. Howerton, Tabulated Neutron Cross Sections.0.001 - 1Lk.5 Mev,

;USAEC'Report'UCRL-52263(rev.), University of California, Lawrence

Radiation ‘Laboratory, Livermore,.October 1959.

-Part I, Vol. 1, H-,,Ti, %09 p., OTS $5

2,,23Vf505n,‘3uu p., OTS $5

3, Elef95Am,:252-p., 0TS $h

- 1bid., Semi-Empirical Neutron Cross Sections 0.5 - 15 Mev,. Part IT,

Vol. 1, USAEC Report UCRL-5351, Universiﬁy of California,.Lawrence

‘Rediation Leboratory, Livermore, November 1958, 274 p.,. 0TS $4 (2)

Ibid., Tabulated. Differential Neutron Cross Sections,. Part IIT,

-Vol. I, 0-15 Mev., USAEC Report UCRL-5573, University of California,

- Lawrence Radiation:Laboratory, Livermore, January 1961.

G. Hevesy, Adventures in Radioisotope Research, Pergamon-Press, New

York, 1962, 2 Vols., 1047 p.,. $30.



36.

3T

. 38.
39.

Lo.

198

-G.-Hevesy,.The,Absorptibnaand Translocation of Lead by Plants,

‘Bicchem. I, 17: h39 (1923).

I. A. Cbrlstlansen, G. Hevesy, S Lomholt Radlochemlcal Method of

Study1ng the Clrculatlon of Bismuth in the Body, Compt Rend., 178:
132k (1924). |
.G. Hevesy, E. Hofer, Elimination of Water from the‘Human’Body,

Nature, . 13k4: 879 (1934)-

G. Hevesy, E. Hofer, Diplogen.(Deuterium). and Fish,. Nature,.133:
495 (1934).

0. Chiewitz,.G. Hevesy, Radioactive Indicators in the Study of

. Phosphorus Metabolism in' Rats, Nature, 136: 754 (1935).

41,

Lo,

)4-3'

L"h”o

4s.

L6.

L. Alvarez, R. Cernog, Helium and Hyergen.of‘MaSS’B,“Ph s..ReVL,

561 613 (193%9).

'S. Rubin, M. D. Kamen, Radioactive. Carbon of Long Half-Life, Phys.
_Rev., 57: 549 (194%0) and M. D. Kamen, S. Rubin,.Preoduction and

. Properties of Carbon-1h, Phys. Rev., 58: 194 (1940).

J.MA.~McCOrmickA(Comp,),.Utilization of Radioisotopes in.Physical

and Biblogical Sciences;-'Géneral Topics, USAEC.Report: TID-3519,

February.1959, 30 p., OTS $1.00.
- J. A. McCormick. (Comp.), Isotope Techniques in Biological Sciences,

. USAEC ‘Report TID-3512, February 1958, Lk p., OTS $1.25.

J. A. McCormick. (Comp.), Isotopes in Biochemistry and Biosynthesis

of Labeled Compounds, USAEC Report TID-3513, March 1958, 89.p.,

0TS $2.25.

J.vA.~McCormick.(Comy,),ARadioisotopes in Animal Physiology, USAEC

Report TID-3515, December 1958, 118 p., OTS $2.50.



199

W7, J. A.lMcCormick (Comp. ), Radioisotopes.in Agriculture, Animal
Husbandry,;Bacferiology,,Fertilizer Uptake,.Plant,Physidlogy,
Photosynthesis, and Entomology, USAEC Report TID-3516, 67 p.,
0TS $1.75. |

4L8. M. D. Kamen, Isotopic Tracers in Biology, 3rd Ed., Academic Press,

Inc., New York, 1957, 47k p., $10.50.

L9, »G.rHevesy,,Radioactive Indicators, Interscience Publishers, Inc.,

New York, 1948, 556 p.

50. . E. Broda, Radiocactive Isotopes in Biochemistry, P. Oesper, Trans-
lator, Elsevier Publishing Co.,.New York, 1960, 376 p., $11.50.

.51. .C. L. Comar,. Radioisotopes . in Biologyvand Agriculture, McGraw-Hill

Book Co.,.New York, 1955, 481 p., $11.50.

52. . G..E. Francis, W. Mulligan, A. Wormall, Isotopic Tracers, 2nd Ed.,

‘The Athlone.Press, London, 1959, 52k p., $8.L40.

53. - S.. Aronoff, Technigues of Radiobiochemistry, Towa State College
Press, Ames, 228 p., $5.95.

-5k, H.. Yagoda, Radioactive Measurements with Nuclear Emulsions, John

Wiley & :Sons,.New York, 1949, 356 p., $9.00.

55. . G.. A. Boyd,, K Autoradiography in Biology and Medicine, Academic Press,

New York, 1955, 339 p., $10.00.

56. International Atomic'Energy.Agency,;Tritium_in the Physical and

Biological Sciences, Proceedings of the Symposium held in Vienna,

May 3-10, 1961, Vienna, 1962, Vol. I Physics.and Chemistry, 399 p.,
$7.00; Vol. II Biology, 438 p., $8.00.

57. - S. Rothchild (Ed.),.Advances in Tracer Methodology, Vol. I.,. Plenum

Press, New York, 1963, 332 p., $12.00.



200

58._.K.AE. Wilzbach,\TritiuméLabelingAby~Exposure of Organic Compounds

to Tritium Gas, J. Am. Chem.. Soc., .79: 1013 (1957).

59. . J.. A. Bassham, M. Calvin, The Path of Carbon-in Photosynthesis,
. Prentice-Hall, Inc., Englewood Cliffs, N. J.,’1957;,10hwp;,q$5.95.

60. M. Calvin, J. A. Bassham,.The Photosynthesis of Carbon Compounds,

W. A. Benjamin, Inc., New York, 1962, 127 p.,.$5.50.
6l.. S. Rubin, W. Z. Hassid, M. D.. Kamen,. Radioactive Carbon in the

Study of Photosynthesis, J. Am. Chem. Soc., 61: 661-63 (1939).

62. - E.. I. Rabinowitch,. Photosynthesis andtRelated;Processes;fInter—
écience;Publishers,~Inc;, New York
"Vol. I, Chemistry of;Photosynthesis,.Chemosynthesis, and- Related
“Processes in. Vitro and inVivo, 1945, 599 p., $13.50.
Vol. II, Part.l, Spectroscopy and Fluorescence:ofohotosynthetic
wPigments; Kinetics of Photosynthesis, 1951, 608 p., $18.50.
-Vbl.iiII,,Part,2,=Kinetics of Photosynthesis (Continued) Addenduﬁ
to Volume I and Volume II, Part.l, ;956, 879 p., $22.00 (Set.$48).

63. CA. T. Shehl, Mineral Mepabolism, Reinhold Publishing Corp.,. New

York, 1939, 384-p.

64. . C. L. Comar, F.. Bronner (Eds.),.Mineral Metabolism, Academic:Press,

Inc., New York,

.Vol.. I,.Principles,.Processes, and Systems,:PartJA,.1960;4hl6 Pes
. $12,00; - Part B, 1961, 536 p., $1k.50.

Vol. II, The Elements

65.  W. D. McElroy, B. Glass (Eds.), A Symposium .on Inorganic Nitrogen

- Metabolism: Function Qf‘Metallo—Flavoproteins , The Johns Hopkins

Press,. Baltimore, 1956, 728 p., $10.00.



66.

67.

68.

69.

T0.

Tl..

72‘ N

T3.

The

201

H. S. McKee,;NitrogeniMetabo}ism1in Plants, Clarendon;Press,.Oxford,

1962, 728 p., $16.80.

.W..D. McElroy, B. Glass (Eds,),;Phqsphqrus;Metaleism,,A-Sympqsium on

'gthefRole<of'Phosphorus”inxthe‘Metabolism of Plants and Animals, The

Johns‘Hopkins'University;Press, Baltimore,. Vol. I, 1951, 762,p.;

Vol. II, 1952, 930 p.

‘W. D. McElroy, B. Glass (Eds.), Copper Metabolism, A Symposium-on

‘Animal,'Plant,,gnd;SoilARelationships,.The Johns Hopkins University

Press, .Baltimere, 1950, 4h3 p.

L. Young, G. A. Maw, The Metabolism of Sulfur Cempounds, Methuen and

Co., .ILtd., London, 1958, 180 p., $3.00.

J. T.vIrving,:Calqium:Métabolism,.Methuen and Co.,. Ltd., London, .

1957, 177 p., $2.75.

International Atomic Energy Agency, Medical Uses of CahT,.Report.of

Conference 6-8-Dec., 1961, Technical Report. Series No..10, IAFEA,
Vienna, 1962, 125.p.,. $1.00.

active OXygen-lS.inzStudyvof‘Kinetics of Oxygen Respiration, Am. J.

Physiology, 201: 582-86 (1962).

S. W. Rudman, Production and Use of Oxygen-15 as a Biological

Tracer,. Dissertation Abstr., 22: 2843-L (February 1962).

J. P. Witherspoon, Jr.,.S. I. Auerbach, J.. S. Olson,. Cycling of
Cesium-134 in White Oak Trees on Sites of Contrasting Soil Type
and Moisture, USAEC Report.ORNL-3328,. 0Oak Ridge National Laboratory,

Oct. 23, 1962.



5

76.

202

'G. V. Levin, A. H. Heim, J. R. Clendenning, M. F. Thempson,
"Gulliver" - A Quest for Life on Mars, Stience, 138: 114-21. (1962).
G. V. Levin,'A. W. Carriker, Nuclear Instrumentation in Space:

“Part 3, Life on Mars?, Nucleonics, 20(10): T1-72 (October 1962).



1T

78.

9.

81.

- 82.

83.

8)"'0

85.

203

F.‘Paneth,;Radio-Elements”As,Indigators, and Other Selected prics

in TInorganic Chemistry, Cornell University Press,. Ithaca,. N. Y.,

1928.

.E. Broda,,Advances:in:Radiochemistry,‘Cambridge‘University,Press,

Cambridge, 1950, 152 p.

0. Hahn,,Applied;Radiochemistry, Cornell University;Press, Ithaca,
N. Y., 1936, 278 p. |

G. Hevesy, F. A..Paneth, A Manual of Radicactivity, 2nd E&., (Trans-~

lated by R. W. Lawson), Oxford University Press, London, 1938.

Subcommittee on Radiochemistry, Committee on Nuclear Science, Source

Material for Radiochemistry, National AcddemyVof Seiences: - National

Research Council, Nuclear Science Series Report .No. 27 (Rev. 1),

Publication No. 825, 1960, 39 p.

U. S. Atomic Energy Commission, Special Sources of Information on
Isotopes, USAEC Report TID-4563 (3rd Rev.), April 1962, 83 p.,

Available without charge from Division of‘Iéotopes?Developmenp,

.E.g., J. Kleinberg (Comp.), Collected Radiochemical Procedﬁres;

USAEC'RepbrtiLA-ITQl (2nd Revs), Los Alamos Scientific Laboratory,

.August,1958,,28T‘p.,~OTS $5; and Oak Ridge National. Laboratory,

Radiochemical Methods,. Master Analytical Manual, Section 2, USAEC

“Report .TID-T015 . (Section 2), November 1957, 300 p., OTS $6.50.
-H. L. Finston, J. Miskel, Radiochemical Separation Techniques,. Ann.

‘Rev. Nuclear Sci.,.5: 269-96-(1955).

-Radiochemical Techniques Series, A companion series.to Radiochemistry

of the Elements. Also sponsored by the National Academy of Sciences -
National Research Council. Individual copies can be purchased for‘the

price indicated below:



86.

87.

88.

89. .

90‘

91.

20k

(a) F. L. Moore, Liquid-Liquid Extraction with High-molecular-weight

Amines, NAS=NS-3101, December 1960, 83 p., $1.00.

(b) J. C. White, W. J. Ross, Separations by Solvent Extraction with

Tri-n-octylphosphine Oxide, NAS-NS-3102, February 1961, 56 .p., $0.75.

(e) T. T. Sugihara, Low-level Radiochemical Separations, NAS-NS-3103,

April 1961,.34k p., $0.50.

(d) Y. Kusaka, W. W. Meinke,,Rapid’Radiochémical Separations, NAS~NS~

310k, Decemberjl96l,V125,p., $1.25.

(e) G..D. O'Kelley, Detection and Measurement - of Nuclear-Radiation,
NAS-NS-3105, April 1962,.138 p., $1.50.

(f) R..A. Bailey, Paper Chromatographic and Electromigration Tech-

niques.in Radiochemistry, NAS-NS-3106, June 1962, 48.p., $0.50.

-G. H..Morrison, H. Freiser,.Solvent Egtractidn'in Analytical Chemistry,

John Wiley & Sons,. New York, 1957, 269-p., $6.75.

"H. Freiser, G. H. Morrison, Solvent Extraction in.Radiochemical

Separations, Ann.-Rev. Nuclear Sci., 9: 221-Lk (1959).

.E.g., R. Kunin, F. X. McGarvey, Ion-Exchange Chromatography, Anal.
‘Chem., 34: 48R (April 1962); and G. H. Morrison, H. Freiser, Extraction,

.Anal. Chem., 34: 6LR: (April 1962).

G. Hevesy, H.-Levi,,ThehActién of Neutrons.on:the  Rare Earth Elements,

‘Kgl. Danske Videnskab. Selskabo.Math-fys..Medd., 14(5): 34 pp (1936).

.E.. Segre (Ed.),vAngual Reviewsiqf Nuclear~Sciencé;_Annual Reviews, Inc.,

Stanford, Calif., 1962, 633 p., $7.00.

-H. J. Emeleus, A. G. Sharpe (Eds,),"AdvanceS'in Inorganic Chemistry and

‘Radiochemistry, Volume 3, 1961, Academic:Press, New York, 1961, 463 p.,

$12.50.



- 205

92. .R.-H. Herber (Ed,),ﬁIno;ganiqiIsetqpic;Synphesés,‘w.nA.»Benjamin,
Inc.,,New:Ybrk,.1962?”2h9 p., $7.50. |

93. fG.»W.~Leddicbtﬁe,tﬁﬁcleonigs,,Anal, Chem. , 3%:«lh3R (April 1962);

oh. W. W. Meinke,:Nucleoniés,tAnal"chem.,tﬁzzilouRa(Apri; 1960) ;. 30:
686 (April<l§58);.28: 736 . (April 1956). |

95. .H..G. Richter, A. S. Gillespie, Jr., Thallium-204. Radiometric Deter-
vmination.of'Diésolved Oxjgen.innwater,_Anai..Chem., 3h: 1116-9- (1962);
and H. G. Richter,;A.,S. Gilléspie, Jr.,.Investigation of a‘Badio-
‘active Technique for the Determination of Dissolved Oxygen, USAEC
ReportuOROhhgi,.(RTI%ESl}-T6—l)‘Research.Triéngle-Institute,
- October 23, 1961,,0Ts'$0150,

96. J. M. Wright, W.‘T.-Lindsay,.Jr.,ﬂProceedingsjof Am. . Power Conf.,
21st Annual Meeting, 1959. | |

97. W. W.»Meinke,.R. W. :Shideler, Two Years EXpefience‘in,Appiyingla
-Low. Cost -Neutron Generator to. Activation Analysis, USAECLReporﬁ
'MMPP-191-1, University of Michigan, December 1961.

98. .G. Olive,. J.  F.. Cameron, C..G. Clayton, A Reviéﬁ,of High'lntensiﬁy
“Neutron Sources,. AERE-R-3920, Isotope Research Division (AERE)
Wantage-Reéearch.Laboratory, Junev1962f

99. .E.-J.vHeﬁnelly,.IntensevSb—Be SOurce:Makes;lOloﬂNeutroné/Sec;;
‘Nucleonics, 19(3): 12L-5 (March 1961).

100. J. E. Strain, G.~W.<Leddic0tte, The:Preparéﬁibn,,Propérties,‘and
‘Uses. of Americium-2Ll, Alpha-,.Gamma-,‘and Neuﬁron~50urces, USAEC
‘ReportnORNL-3555, Oak Ridge National Laboratory,. Aug.. 23, 1962.

10k. J.. E. Stréin,.w. J.VHampton,,G..W; Leddicotte;.The»ORNL»Analytical
Chemistry Division's 150-KV. Cockcroft-Walton Generator,.USAEC Report

_ORNL-TM-362, Ozk Ridge National Laboratory, Sept..10, 1962.



102.

103.

104,

105,

106.

-107.

108.

206

-P. Gluck, J. L. McFarling, J. F. Kircher, C. W. Townley, D. N.

Sunderman, Studies. of. On-Stream.Production .of Short-Lived Intrinsic
Radiotracers for Industrial Process Control, USAEC.Report BMI-1606,
Battelle Memorial Institute, Dec. 18, 1962.

W. W. Meinke, Activation Analysis Utiliziné'Fast Radiochemical

-Separation and Portable Neutron Generators;in Radioisotopes in the

Physical Sciences and Industry,vProceedings‘of the Conference on

~the Use of Radioisotopes in the Physical Sciences and Industry held

by the International Atomic Energy Agency with the Co-operation of
the United Nations Educational, Scientifiec, and Cultural Organization
at Copenhagen 6-17 September 1960, International Atomic Energy
Agency, Vienna, 1962, p.

We W, Meinke,.Techniques,for'Fast.Radiochemistry, in M. W. Brown

(Ed.), Modern Trends in Activation Analysis, A & M College of Texas,
College Station, Texas, 1962, p. 36-L4O.

V.. P. Guinn, C. D. Wagner, Instrumental Neutron Activation Analysis,

_Anal. Chem., 32: 317-23 (1960).
V. P. Guinn, New Developments .in Instrumental Activation Analysis -

‘Accelerators and Analyzers, in M. W. Bréwnw(Ed,), Modern Trends in

Activation Analysis, A & M College of Texas, College Station,. Texas,
1962, p.. 126-32,

Automated,Activation,Anélysis,.Nucleonicé, 21(3): 76 (March 1965).

L. E. Fite, E. L. Steele, R. E. Wainerdi, Investigations,injAutomated
Activation Analysis,‘USAEC‘Report.TEES—26Tl—2;,A & M College of Texas,

November 1, 1962, OTS $5.50.



109.

110.

111,

112.

113,

11k,

‘115,

. 116.

207

Activation Analysis to be Used in Court.(From Radiation News

_Section),Nucleonics, 21(1): 28 (January 1963).

L. C. Bate, M..J. Pro, G. W. Leddicotte, Identification and.Com-

parisonuof'Physical Evidence for Law-Enforcement.Purposes by

.Neutron Activation Analy81s, USAEC. Report ORNL TM~563, Oak Ridge

National Laboratory, Sept. 11, 1962.

R E. JerV1s, A. K. Perkons, W. D. Mackintosh, M. F. Kbrr, Acti-

~vat10n Analy31s in: Foren31c Investlgatlons, in- Modern Trends in

_Actlvatlon Analy31s A &M College of Texas, College Station,

Texas, 1962, p..107-13.

‘M. F. Kerr, Application of Neutron Activation to.Forensic Science,

' Royal Cenadian Mounted Police Gazette,.21(9): 13 (1959).  This. is

also presented in reference-111.
M. Calvin, C. Heidelberger, J. C. Reid, B. M. Tolbert,.P. F.

Yankwich, Isotoplc Carbon, John Wiley and Sons, Inc., New York,

1949, 376 p., $10.50.
J. C. Nevenzel, R. F. Riley, D. R. Howton, G. Steinberg, Bibliog-

of Syntheses with Carbon Isotopes, USAEC Report UCLA-316,.University

. of. California at Los.Angeles, 195L, 175 p.

J. C. Nevenzel .D.-R.: Howton, R. F. Riley, G. Steinberg, A BLbllOg—
raphy of Snytheses with Carbon Isetopes, 1955 EQ,USAEC Report UCLA-

395,.Unlver31ty,of Callfornlahat;Los:Angeles,.July‘25, 1957, 172 pw

-A. Murray, III, D. L. Williams, Organic Synthesesgwith:IsotQpes,

Part.I. Compounds of Isotopic Carbon, 1146 p.; Part.IL Organic
Compounds :Labelled with: Isotopes.of the Halogens, Hydrogen,
Nitrogen, Oxygen, Phosphorus, and Sulfur, 948 p., Interscience

Publishers, Inc., New York, 1958 ($26.50 each part).



e

e

S117.

118.

119.

.120.

121.

122.

123.

12k,

125.

126.

127.

128.

Av 208

J. R. Catch, Carbon-14 Compounds, Butterworth,.Inc., Washington,

D. C., 1961, 128 p.- $5.50.

J..G. Burr,»Jr.,;Tracer~Applications:fof the.Study of Organic

“Reactions,,Interscience‘Publishers,.Inc.;vNeW‘Xork,41957,,291vp.,

$9.00.

-G..P. Milklukhin, Iseotopes in Organic Chemistry, Acad. Sci. of

Ukranian SSR Publishing House,. Kiev,.1961.

J. L. Sommerville. (Ed.), The Isotope Index,‘Scientific,quipment

Company,. Indianapolis, .Indiana, 1961, 208 p.

»InternationalvAtomic.Energy_Agency,’InternatiohaljDirectory;Of

Radioisotopes, 2nd Ed., Vienna, 1962.

E.  Rutherford, The Succession of Changes in Radioactivé Bodies,

" Phil. Trans. Roy. Soc. Ser A., 20k: 169-219 (1904).

W. F. Libby, Radiocarbon Dating,. Proceedings of the First United

.Nations Conference on the Peaceful Uses:of Atomic Energy, Geneva,

1955, Vol..16, p. 80-90, United Nations, New. York, 1956.

W. F. Libby, Radioactive Dating, 2nd Ed., University of Chicago
Press, Chicago, 1952, 175 p., $5.00. "

Radiocarbon Supplement, American Journal of Science, American

Journal of. Science, New Haven, Conn.,.$7 per annual volume.

I. U. Olsson, I. Karlén, A. H. Turnbull, N. J. D..Prosser, A

Determination of the half-life -of ClhL with a proportional couhter,

Arkiv Fysik, 22: 237-55 (1962).

W. B. Mann, W. F. Marlow, E. E. Hughes, The Half-Life of Carbon-1k,

. Intern. J. Appl. Radiation Isotopes, 1l:.57-6T (1961).

D. E. Watt, D. Ramsden, H. W. Wilson, The Half-Life of Carbon-1k,

Intern. J. Appl. Radiation Isotopes, 11: 68-7h (1961).



209
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new value for the half—lifewof Clu: (5730 + 40 y) until several
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‘Nature,,l955:9ki—%5 (1962).



210

V. APPLICATIONS IN AGRICULTURE
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In addition to their application as tracers in studying metabdiic
processes, as mentioned in the section on researéh in biology aﬁd agri-
culture, radioisotopes,are_béing;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

60

briefly. Much irradiation work has been done with xvrays, but Co™~ and

o127

are being usedvincregsingly, and some experiments have been made
with solutions of such .isotopes as 835 and P52, in which seeds, for
example, can be soaked.: |

The most spectacular result of the use of radiation in agriculture
is the eradication of the screwworm fly -- é pest that attacks farm
animals in the southern U.S., Mexico, and Caribbean areas -- with an
‘estimated annual saving of‘éome 20 million dollars.lc Huge numbers of
male flies were sterilized by irradiation and released, and females
(which mate only énce)‘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 Co6o-irradiated seeds and
bulbs, with 27 varieties of flower and vegetable seeds being advertised
by a single company.2 Even more important, of course, are the com-
mercial érops that have been improved by irradiation from various

sources: mustard, tobacco, beans, oil rape, fodder peas, navy beans,

barley, peanuts, and cats. Various other crops are being studied. The
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success of this procedure led to'the development of a portable, l-ton;~

0137 3

source, which can be used in the field.
Irradiation of potatoes to prevent sprouting,in étorage has been
under investigation for some'time. No chemical change has been found
in irradiated potatoes that would make them unséfe for eating, and
Canada hés recently approved this method of potato preservation. The
effect of radiation on onionsAand other crops is being studied. Irradi-
ation "pasteurizaﬁion" (ife., irfadiation sufficient to kill most, but
not all, of the organisms in products that are to be refrigerated) is
aléo being activelyvinvestigated. Since the amount of r#diation-to.'
pasteurize foods 1is énly 5% of that required to kill all organisms, -
this procedure is cheaper and less daméging to flavor and téxture_thaﬁ
complete sterilization. Among the foodé beingiinvestigated for such
procéssing are corn, broccoli, straﬁberries, bananas, seafooa, and
meat. Irradiation is also being.considered for'killing insects aﬁd
animal pests in stored crops.

Variousvother beneficiél uses of radiationAhave been reported.
Output of pehicillin, which,igf;cbﬁrseyﬂis not a strictly agricultural
product, has been increased é thousandfold by repeated mutations‘result-
ing from;irrédiation of the microorganisms prbducing it. More and bet-
ter silk is obtained when the silkworm in the cocoon -is killed by irradi-
atf%h instead of heat.u Russian scientists are reported to be irradi-
ating silkworm ova to produce a higher percentage of males, which give
more silk than :f‘emales.-5 Caviar production has‘been feported fo-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

157

the radiation passing through the silo contents from a Cs™

T

source

-placed in the center during filling.
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VI. APPLICATIONS IN EDUCATION
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.Radioisotopes have been describedAas the most important tooi for
scientifiéAreseafCh‘siﬁce‘the microscope. Although forAmany<yeérs re-
seardh,workeIS'héve‘apcepted isotopes éé an important tool, educators
have .been rather élow.tovadd instruction in the useiof,isotoéesAté_the
chemistry, biology, and physics curricula. Of course, in a historiéal
sense, the term "slow" is felative and the addition of instruction with
radioisotoPesfto college courses probably haé not been slow since it is
doubtfui that any colleges or universities gave instructioh.in_the.use
of the microsgope<as.soon as thirty»years'aftervits iﬁventioh; .The only
reason we might expect.to do better now is that,communicationS'havé-im- V
-proved an&“the,pace éf scientific advancés has become much faster.

The Diviéion of Isotopes Development.of the Atomic Energy Commission
has sponsored projects to develOpfexperiménts:for use in high school,

college, and industrial courses, and descriptions of many such experi-

ments are now available. Choppin, ih.A’Cr0381Referenced Index of Radio--

chemical'Teaching;Experiments Applicable to.Chemistpy,l has summarized

and indexed radiochemical experiments in lS,béoks.that,are readily availl~
able in the United States. His index divides the experiments into cate-
gories analytical chemistry, biochemistry, generél and inorganic chémistry,
organic chemistry, and physical chemistry; and breaks these.broad.SUb-
Jjects down.into.specific,types of experiments. For»instanée;.Physical
Chemistry is divided into: crystal studies (surface area, exphange,etc.),
determination of dissociation constants, kinetic'and exchange studies, |
Sziiard-Cbalmers,experiments, and radiation chemistry. Thié,index is
valuable for any{teacher Qishing to enrich his teaching with experiments

using radioactive isotopes. Rather than simply duplicate this index,
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- this réview will‘indicate—the scope of educational material now available
and will sﬁpplemen‘t the Choppin index in cases of Vitems"that 11: did ﬁot
cover. Pﬁblications indexed_binhoppin‘aré designated by‘(C)-when»ref
ferred to iﬁvthe text and in the bibliography. ” ' |
A;most any modern chemistry, physics, or biology textbook will have
some iﬁférﬁation that is basic to the use of radioisotopes. This kina of
infor@étion is not coveredlhere; instead, only educational materiél,devel-
. Qped1 specifical1y'for-téaéhing the use bf iéotopes.iS'reviewed. ‘For:the
sake of simpliCity, the material has been divided into three ﬁainvséctions
describing the use §f~isot0pes»in (1) high schools, (2);colleges:and uni-
veréities, and (3) industrial training programs: The division into these.'“
three'catégories is arbitrary and.there is considefaﬁle overlappinébamong
them; tﬁerefore'anrexperiment should not be ignored at the college leVel
simply because it is‘liéted in the high s;hool section or visa versa.
Th¢ seCtioﬁ eﬁds with a brief discussion‘of other educationai aids such

as training movies and charts.

License-ékempt‘lsotopes

\Uhdér current AEC regulations, small bu£ significant‘amOunté‘of
most radioisotépes may be bought under what is kndwn as a "general
license." This means that a teacher or student does not have tb»get

a license from the AEC if he limits his use Of;iSOtopesvto the amounts
shown in Table VI-1l. At any one fime, no person shall péssess-more than
a total'qf ten such schéduled quantities. ‘Since fhese qﬁéntities are
amplé}for»most experimenté, the job of educators in:obtaining‘isotopes

is greatly simplified.
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Table VI-1 QUANTITIES'OF ISOTOPES AVAILABLE WITHOUT AEC AUTHORIZATION

Radioisotope

Unséaled

Sealed
Source (pe) -

Antimony 12k

Arsenic 76

Arsenic 7T

Barium 140-Lanthanum 140
Beryllium 7 N
Cadmium 109-Silver 109
Calcium L5

Carbon 1k

Cerium 14l-Praseodymium 1hb

Cesium 137-Barium 137

.Chlorine 36

Chromium 51
Cobalt 60
Copper 6k
Europium 15k

. Fluorine 18

Gallium T2

- Germanium T1

Gold 198
Gold 199

 Hydrogen 3 (Tritium)

Indium 114
Icdine 131
Iridium 192

‘Iron 55
“JIron 59

Lanthanum 140
Manganese 52

Manganese 56

Molybdenum 99
Nickel 59

Source (uc)

1
10
10

1

.50
10
10
50

50
50

50
10
50
10
10
250

10
10
50

10

50
10

10
10
10
10
50
10
10
50
10
10
10
50
10
50
10
50
10
50
- 10
10
250
10
10
10
50
10
10
10 -
50
10
10
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Table IV-1 Continued

,Seaied

Unsealed
Radioisotope Source (uc) Source (uc)
Nickel 63 1 10
Nicbium 95 10 10
‘Palladium 109 10 10
Palladium 103-Rhodium 103 50 50
. Phosphorus 32 10 10
Polonium 210 0.1 1
Potassium L2 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 15% 10 10
‘Scandium 46 10
Silver 105 10
Silver 111 10 10
Sodium 22 10 10
Sodium 2k 10 10
Strontium 89 1 10
Strontium 90-Yttrium 90 0.1 1
Sulfur 35 50 20
Tantalum 182 10 10
Technetium 96 10
Technetium 99 10
Tellurium 127 10 10
Tellurium 129 1 10
Thallium 204 50 50
Tin 113 10 10
VTungsten 185 . 10 10
Vanadium 48 1 10
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" Table VI-1 Continued

Unsealed

Sealed

" Radioisotope Source (uc) .. Source (uc)
Yttrium 90 10
Yttrium 91 | 10
Zinc 65 10 10
‘A1l others not listed 1 10
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‘iSéaled sources in 1icense5exempt qﬁantitiés'are aVailﬁble froﬁ
most of the companiés wﬁo sgll isotopes. A numbef of companies also
sell indi#idual'iéotofeS’af educational kits in‘liceﬁse~exempt quantities.
These isotopés ﬁéually come in a solution of a simple compound such as
chloride or carbonate, and thé'average éost/is about $5 to $10 per
‘isotOPe. The foilowing afe'some of the companies who sell iicense—
exempt isotopes specifically for educational purpbses (cher‘companies

will be listed as we get information):

vabQ££-Labbratories, Oak Ridge, Tennessee

2-pack kitf--P32,:IlBl

é"?aCk kit — P32; . 11313 CrSl) 835} Zn65’ Caus, ASTA‘} Hg203: 0060

Atomic Corporation of America, 14725 Arminta.St., Panorama City, Calif.
Kitswith all equipment including isotopes to do,définite experi-.
ments. .For example: "Bone Metabolism in Goldfish," or "Transport

of Phosphates in Tomato Plants." They also sell the following
13 ' ‘
31 .32 bs 1k 15T g 157 0136,

individual isotopes: I -, P77, Ca -, C ', Cs ~

e, o, 7?9, Wib, rulOCmnl%®, 1?2,

Sr89 SrgO—Ygo 855 TlgmL Z 65

2 2 2 2 e .

b

Bio-Rad Laboratories, 32nd and Griffin Ave;, Richmond, Calif. (This
. company is supplying ffee'isofopes to science teachers for fiscal
year 1963 under the-prograﬁ mentioned below.)
Individual Tsotopes: C, 0o, 5°°, ¥e??, 70, Redium-D, P
131

30
: J

I

Nuclear-Chicago Corporation, 333 E. Howard'Ave.,tDes Plaines, I11.
: : ~ : *
. Kit of 5 isotopes: Pbng-BialO, 0060, Ce%ghfPr%hu,‘Zn65,<ClA,
(As Na2005)
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. Individual Isotopes: The five above and CllL (as glycine, acetic

acid, or acetic anhydride), g>? (in toluene or as sulfuric acid)
:Pée;‘CaMS
Nuclear Consultants Corporation, 9842 Manchester Rd., St. Louis 19, Mo.

Kit of 10 isotopes: Clu, 0060, C8157, Nagz, Zn65, U238,‘I151

P52 Crsl Fe59

2 t

2

Each of the above isotopes can also be bought separately. -

Radiation Equipment and Accessories Corporation, 665 Merrick Rd., Lynbrook,

N. Y. | ,
| ~ 1h-pack kit - BalBa, CslBT, Mn5a; Clh, TlgOh, 855, CO6Q, Fe55,
co?l, NaZ2, gmlhT, 7005 Uranyl nitrate, W03
6-pack‘kit'—lAny of 6'above |
,,RéplééementS'—lAny of‘3=above
‘I' U. S. Nuclear Corporation, P. o."écx 208, Burbank, Calif.
Set of 3 - o, P31, pP
Set of 4 - CeluuaPrluu,~CslBT-Bal57, 0060, Uranyl nitraté

Set of 5 --PbglO-BiglO, 0060’ CeluALPrluh,_zn65, o

Set of 3 -Pml”7, Vo, gr?0-y?°

Isotopes may also be ordered separately,

Isotopes in High School

With the incréased emphasis on science in high schéois has come 
pressure to upgrade the courses with "new and modern techniques.” To
meet thisvgoal, the National Science Foundation and the Atomic Energy
Commiséion are spohsoriﬂg summer institutes to teach highAschool science
teachers how to use the modern tools of scienée. Radibiéotopes ﬁave been

emphasized in these institutes. In these courses the teachers are given
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a kit of equipment and supplies tham 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 courSé,'ekcellent
supplementary teaching material for high school chemistry, bidlogy, or 

physics courses. A booklet, Laboratory Experiments with Radioisotopes

for High School Science Demonstrations (C)2 '
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includes 20 experiments ranging from a determination of the half-life of

131 32

to a study of the removal of P

I 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‘tokteaéhers taking a
summerfinstitute course in radidbioiogy, most of the experiments aré
biological. There are many'more«quantitative experiments in this book .
‘than in the earlier book.--typical ones being "Determination of Range
and Energy of Alpha Particles," "Distribution of P32_in an Animal," and
"Soil Adsorption and Leaching."

Nuclear-Chicago Corporation has compiled. reprints of 36 papers

which appeared in the Journal of Chemical Education (C)h between

February 1949 and June 1959, and which describe experiments and methods
fof 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

déscribed a number of experiments that could be performed in high school
or even in a home laboratory. The advaﬁtage,of these experiments is

that in many of them the radiocactivity is detected by autoradiography,
thus eliminating counting equipment. For those who wish to ﬁéke a Geiger
counter, the article gives a simple circuit that can be assembled 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 g good introduction to the subject. 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 demohstrations,

but these are more concerned with reactor fuel elements than with isbtopes.

EXPERTMENTS IN "INTRODUCTION TO NUCLEAR scance"®

Physics

Ratio.of charge tc mass

Magnetic field assembly for e/m appafatﬁs

Notes for a high-voltage power supply

Diffusion cloud chamber

. Electroscope

Strontium bead sources

Demonstration of‘redioactiverdecay

. Uranyl oxalate actinometer

Biology

Plant irradiation effects

32

- Uptake and.disﬁributionvof P77 in. tomato plent
The response of yeast cells to irradiation
Effects of radiation of mammals

Chemistry
Liquid=-liquid extraction separation
Coprecipitation experiment

Ton exchange separation

Determination of solubility product of silver iodide using iodine

tracer

Experiment .on isotopic exchange
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. ‘ ‘Metallurgy
Safety precautions
Method of conduéting'experiments

Experiment 1: make uranium-aluminum .alloy by melting the elements

‘in a high-frequency ‘induction furnace
Experiment 2: hot-rolling‘the uranium-aluminum alloy
Experiment 3: ¢aét cladding
AE‘xperimenchh: rolling the fuel plate
-Experiment . 5: rinspection of the fuel element

Samples for teaching aids

-Isotopes. in Colleges and Universities

There are two approaches .to the introduétion of isotopes inté

. courses of instruction at both the undergraduate and graduate ievelé. :

In one, experiments using isotopes and radiation are incorporated into
the traditional curriculum in places where isotopes are the best:tool
forajo‘b° In the other, the use of isotopes is taught:in‘a separafe
courée or courses which cut across disciplinary lines. If isdtépes are
a tool like the microscope, then more and more isotope: experiments should
be added’to the traditional courses. The number of college -and university
courses on the use of the microscope is extremely small, while the number
of courseS‘using‘microscqpes is very iarge. | |

Some :of the high school expériments mentioned above are aléo suit-
able for use in the enrichment.of traditional college courseé. In partic-
ular, a number of experiments in the Nuclear-Chicago collec‘cionh 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 Corporstion have
co~sponsored the preparation of a laboratory'mahual, which wés‘designed‘
.expressly to.introduce radioisotope experiments to the chemistry curricu-

‘1um. The pufposes and philosophies behind tHé,preparation of this

‘manual, Radioisotope Experiments for the Chemistry Curriculum (C)T are

describéd by its-editor, Radin, in the Journal of Chemical Education.

9

An instructor's manual is also available.

8

TYPICAL RADIOISOTOPE EXPERTIMENTS FOR THE CHEMISTRY CURRICULUM
Introductory Chemistry:

35

Determination of atomic weights, with 5°7-sulfate

Chemistry of sulfurg thiosulfate, sulfur, and sulfite

-Secular -equilibrium; PbglO-BiglO

Qualitative Analysis:
Determination of a solubility product for caléium-sulfatevA
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:

55

Synthesis of S”7-sulfanilamide

Synthesis of Clh—acetylsalicyclic acid
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Identification of amines by acetylafion with Clu-acetic anhydridé
Physical Chemistry:

Dynamic nature of equilibria between ions in solution and a salt

.Exchange between a metal énd ions in solution

Analysis of the phase diagram of a three compohent,system;

1k

dimethylaniline, water, acetic acid-C

Demonstration of the.adsorption isothermAwith charcoal and acetic
acid » |
Radioactive decay and growth; Celuu-Pfluu
InstrumentalvAnalysis:
Preparation of samples for Geiger cOunting

Properties of Geiger counters

Statistical variation in radicactivity measurements

Biochemistry:

Ion- exchange and paper chromatography; separation of Cl&-glycine

and glutamic acid; isotopic dilution determination

‘Pr0pertie5*of enzymes, studied with an isotopic substrate made

by the student

Incorporation of~Clu-glycine into a protein fraction of mouse

spleen; properties of the in vitro system
The William H. 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 material to other courses.™ These experi-

ments require theée use of a 25-curieAC060 source, - for which they have

supplied detailed engineering drawings.

TRATNING EXPERIMENTS IN RADIATION CHEMISTRY

Interaction of alpha particles with matter -
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Interaction of electrons with matter

‘Interaction of gamms rays with matﬁef

‘Fricke dosimeter

Gas-liquid chromatography. and chemical effects of radiation

Radical trapping I: radiolyéis of water andtdecolorization~of.'

methylené.blue
Rediolysis of methane
‘Polymerization of styreﬁe

Radical trapping II: sol-gel cultures and radiation damage to

living cells

Viscometric.determination of the radiation degradation of polymethyl-

methacrylate in solution
A second,voluméll presents the theories on which these éxperiments

are based and includes a reprint from the Journal of Chemical Education

of the Lind Jubilee Symposium on the developmenﬁ of radiation chemistry.

Johnston Laboratories have also developed a,numﬁer‘of:pieCes of
equipment (Table VI-2) for use in college and‘universityvlaboratories
for teaching with radioisotbpes.l3 The aim iﬁ developing these systems
was to provide training laboratories'with‘equipmentvof higher training
value, lower cost of construction, and greatérvéeneral usefulness than
present. in existing commercial equipment.

A numbef of textbooksiénd laboratory manuals have been prepared to f
teach the use of isotopes in college or university éourses. -Choppin has
indexed the following‘textbooké intended for use in courses on isotope

methodology: Experimental Nucleonics,lh Principles of Radidisotdpe

Methqdologz,l5a Experimental Nuclear'Chemistry,l6 Modern;Radioéhemical
17 ’

Practice,” Radioisotope Techniques,l8 and. A Laboratory Manual for
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5

Table VI-2 SYSTEMS AND EQUIPMENT FOR RADIOISOTOPE TRAININGl -
‘-Drawing
Title ~Number
Radiochemical instrumentation
Liquid scintillation counting of Cl)+ and H3 CAPE-812
‘Low level beta counting CAPE-814
‘Monitoring of natural radon _ ' CAPE-815
Tracer leak ‘detection ~ CAPE-816
Gamma ray spectrometer CAPE-81T
Solid state alpha detector | ' CAPE-818
Industrial gauging ‘ ' | o
Beta thickness gauging CAPE-811
Density and level gauging - : CAPE-813
Tracer flow rate training system ' CAPE-819
Tracer wear studies CAPE-820
Industrial research and process analysis |
Gas chromatography and radiotracer system v CAPE-821
Carbon-hydrogen analyzer CAPE-822

These -drawings are described and listed in Unclassifiied -Engineering

Materials.List, TID-4100, Supplements 13-16, and are available in

packets from Oak Ridge Reproduction Service, P. 0. Box 363, Oak

Ridge, Tennessee.
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.Radiochemistry.19 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 Méthodology "

was revised in 1962 and Chase
has added several experiments not listed. in Choppin's index. 1In hig index
Choppin included the contents of his own book (see p. . of this issué),

Experimental Nuclear Chemistry,l6~which was probably in press at . .the time.

Most of the books that have been written for practical training in
radioisotope techniques have emphasized éhemistry and physics. Choppin's

index is confined to chemistry; however, he does list some parts of Tech-

-niques of Radidbiochemistry.ep This book 'is in two parts; the first deals .
with general principles of techniques and methods and the second with
experiments in radidbioiogy, with emphasis.on Clu work. -TIsotopic

Tracers2l and,Radioiéotopes in Biology and Agriculture22 are also uséfﬁl

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 number of bioclogical experiments are given.

- BIOLOGY EXPERIMENTS IN ISOTOPIC‘TRACERSZl

Determination of atom per cent excess.Nl5 in a sample of an

15

ammonium salt enriched with N

32

Incorporation of ‘P into’hens' eggs during their development

.Persistence of isotopically labeled red cells in the bloodstream
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after injecﬁion, and calculation of the circulating red cell
© volume and blood volume

32

- and Cf

 Labeling of red cells simultareously with P o1

5

- Use of Il l-trace—labeledﬁproteins (a) to study the persistence
in the bloodé%ream of injected proteins, and (b) to determine

the plasma volume of an animal

" Determination of the»intercellularvplasma of ‘centrifuged red blood
cells
Use of a trace-labeled protein antigen in the determinaﬁién'of'the
composition of serological precipitates ‘ :
| %2 52

Distribution of P” in the tissues following the injection of P

containing inorganic phosphate into mice
' b : ,
Incorporation of C -labeled acetate into.the lipids of rat liver.:
‘Determination of exchangeable sodium in rabbits, u.si:'mg‘l\ragLL

Experiments on thyroid

Measurement of thyroid activity by determination of protein-‘

~bound radioiodide -inthe blood.after-injection of.Il3l

51 in the thyroid

Lbcalization-of‘injected Il
. 131 s .
Paper chromatography with I -containing urines
Experiments with radioactive iron.
59

Binding of Fe by'plésmauproteins'

Persistence of plasma~bound. iron in the circulation

Comar's book,22 is not a laboratory manual since it contains no
specific laboratory experiments. Instead, it discusses basic techniques
and principles for-experimentation~with animals and plants. Thé subjects

covered are indicated quite well by the chapter headings.
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 RADIOISOTOPES IN BIOLOGY AND AGRICULTURE
Principles of Tracer Methodology
“Basié Difficulties”in.Traceerethodology
*Health;Physics and- Radiation Protection
:Facilities and,Handling,of;Radioisbtopes'with Animals and Plants
General“Procgdures for-Radioassay
Properties and:Procedures.for Individual Radioisotopes
Autoradiography
-Paper ChrOmatégraphy
- Ion Exchange
Radioacfivation.Ahalysis
The chapter on;Properties.and;Procedures for'Individual‘RadioiSOtopeé
contains:much.infofmation about,individﬁal isoﬁopesvthatywere available
from Oak Ridge Natidnal Laboratory when the book was written.. Alﬁhough
the prices and. some of the specific activities are no longef valid, the_
book still contains a large number of useful data. .For each element,
intake levels (toxicity), radioassay,methqd, chemistry, and typical

methods for use in biology are given.

Industrial~Training

The line between industrial training manuals and books intended. for
academic use freQuently is either rather fine or nonexistent. . For

s ‘ . 18 . . .
example,.Radioisotope Techniques is used in an academic course at

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

'.éddition»to Overman and Clark's book: ;Radioisbtopes in Industry‘Training’

23

 Program5 ‘and Short Course in Basic and Applied Isotope Technology.gu

Radioisqtopes in Industry Training Program is based on a course, given
at.the General Motors Research Laboratories, which comprises 45 lectures

‘requiring 170 hr and 205experiment5‘réquiring_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.

25

‘Radioisotope Laboratory Techniques is used in the Isotope School

at Harvell,zEngland,‘.This.book covers many aspects: of laboratory work
with isotopes, but.it.is not a "cookbook" type.of laboratory_manuél. Tt
would be most valuable if used by the student for background prior to
work in‘the laboratory or by the teacher~inv§reparing a laboratory

manual. - The subjects covered are shown by the chapter headings:

- RADIOISOTOPE LABORATORY TECHNTQUES
Elements of Nuclear Physics
Properties of Radiations
Production of Radioisotopes
Introduction to Health Physics
The Laboratory
Hazard Control
Deéontamination and the Disposal of Waste ~
Laboratory Apparatus

Introduction to Electronic Technigues
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Detectién-DeVices: Integrating Types

Particle Detectors and Their Use

Associated. Equipment

.Errors and Corrections

‘The Statistics.of'Counting
" The Choice -of Counting Equipment -

Special Counting Technigues

Feasibility (Will a radioisptoPe-do the job.at hand?)
Some Chemical Applications

Autoradiography and Gamma  Radiography

~Applications of Isotopes

Radiochemical Procedures: Work with RadioisotoPesgé‘is,a translatién
of a Yugoslav. textbook, written in 1959, intended,for’use by students in
thé School for Training of Personnel in Handling Radioactive Materials,
conducted by the Federal Nuclear Energy Commission Qf”Yugoslavia. This’
book is used in three,aifferent courses: (l) Fundamentals of Radio-
activity and the Possibilities of Their Practical Application, (2) Intro-
duction to Basic Operating Techniques, Specifically to the Techniques
for the Practical Application of Radiocisotopes, and (5) Introdﬁction to
.thé Most - Important Safety Measures in Handling‘Radioacfive‘Materialsf
The text is divided into . ten main subject heédings;

~RADIOCHEMICATL, 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 Principles of Work with

Radioaétive Isotopes

Dosimetry

The Effect of Radiation on.the Organism

Some Examples of the Application of Radioisotopes

Chemical Changeé 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 coﬁtract with the Atomic Energy
. Commission,_has,deveioped three industrial trainiﬁg courses c0ncérned with
radioisotopes, radiation, and atomic power entitled: Survey of Nuclear

27

-Fundamentals and Radioisotope Applications in Industry, 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 course on the use of radioisotopes, or they
could be-used without laboratory experiments as background material for
workers :in théufield.‘ These courses, each of whiéh’requires about 32 hr.
of lecture time to present; are designed for laymen without a,scientifick
background. . The instructors' manuals for these courses providé‘exéellent
soﬁrce‘material for teachers in almost any aspect of isotope and radiation
technology ata popular level. A number ofbgood.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
30,31,32

33

and the courses have

3h

adult education programs,

these courses are given in other reports,

been evaluated for use with union workers,

35

and workers in a navai shipyard.
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SURVEY OF NUCLEAR FUNDAMENTALS AND
- RADIOISOTOPE APPLICATIONS IN INDUSTRYE?.
Introduction (1 hour)
Some Principles of Atomic Structure (3 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 Radistion
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
Radiaﬁion Gages (4 hours)
Fundamentals of Radiation Gaging

Types of Radiation Gages and Suitability for Production

Control
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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 AtOmickEnefgy 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. They have a good collection of

information on isotopes.
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TheiDiviéion of Isotopes Developmentvhas,pfepared a series of about
one hundred-fifty 8 by 10-in. line drawings, which are av&ilable without
charge from them or from the Division of Technical Information Extension,
Oak Ridge, Tennessee. One of these.charts is shown in Figure VI-1 to
illgstrate<general style and quality. Essentially all aspects of isotope
work are covered'graﬁhically'by'these charts, and they are very useful
in teaching aBOut‘isotopes at almost any level. Several of these.éhafts
are also used in.other- sections of this review;‘ ) | |

Many»lé—mm,moving pilctures have been made on isotope technology in
the past 15 years. 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 ﬁse. These films are listed in two pam-

36,37

phlets, which are available from the Commission. The following

moving pictures*of particular interest as visual aids in teaéhing about

isotoﬁes were released in 1961 and 1962: |
OUR NEAREST STAR (Isotopic Power System for the Transit Satellité).
12 minutes, 16mm, 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
semitechnical film follows the dévelopment and testing of the radio-

isotope fuel capsule and the thermoelectric generator that make up

this SNAP system.

ATOMIC WEATHERMAN: STRONTIUM-90 ISOTOPIC APPLICATIONS. 18-1/2
minutes, 16mm, 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. The "atomic"
weather station ié powered by a thermoelectric unit in which the
90

heat from the decay of strontium-90 (Sr””) is directly converted

into electricity.

OPPORTUNITY UNLIMITED: FRIENDLY ATOMS IN INDUSTRY. 28-1/2 minutes,
16mm, . color (1962). This popular-level film, narrated by news

-ccmmentator John Daly, surveys ﬁhe widespread uée;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. L4 minutes, 16mm,
~ black and white (1962). The film, which considers the interaction
of radiation with matter, develops the various processes by which:

alpha, beta, and gamma radiation give ﬁp»energy'to their surroundings.

UNDERSTANDING THE. ATOM: RADIATION ,DETEVCTION.BY TONIZATION. . 30 minutes;
16mm, black and white (1962). The basic principles of ionization
detectors are deséribed,‘particularly in-relation to the pulse

height as a function of voltage curves. ,Brief‘descriptioﬁs of
ionization chambers, proportional counters,'and Geiger counters.are
included, ana examples of instruments operating . in these regions

are shown.
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. UNDERSTANDING THE ATOM: RADTATTON DETECTION BY SCINTILLATION..EO
minutes, 16mm, black and white (1962). A short review of gamma
interactions with matter is shown, with particular reference to
useful scintillétion 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: PROPERTIES .OF RADIATION.. 30 minutes, l6mm, 
black and white (1962). This film includes a.diécussionjof'general
problems of radiation decay, such as the laws of radioactive decay,
including the concept of half-life. Statistical considerations are
introduced, and the bésic notion of the standard deviation in counts

.expected in various experiments is described.

CHALLENGE: INVISIBLE BULLETS. 29 minutes, lémm, 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 whitev

- (1962). Precautions used in working with radiation, and research
to leafn more about handling radiation. Illustrated are "hot caves"
with mechanical slave manipulators or electric manipulators, and
giant "caves" using heavy,dﬁty manipulatoréf . 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 therépy; use -of radioactive tracers in blood and cancer

research.

CHALLENGE: THE ART ‘QF,SEPARATION. 29 minutes, black and white (1962).
With radiation, the chemist is able to work with much greater speed
and ease in the field of chromatography--the éeparation of chemical
com@ounds.intoAbasic substances. Basic principles are ex?lained,

with a demonstration 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
areas of basic nuclear research--the effects. of radiation, the

peaceful uses of radiation, and the dangers of radiation.

Another source of educational material which should not be over-
looked is the technical bﬁlletins issued. by compahies selling;isotopes°
It is not possible to give a. complete listing of this type of informatiqn5
but . some are mentiqned to illustrate.the wide variety of available ma-
terial. |

Nuclear-Chicago Corporation has.prepared a number of 5ulletins that
emphasize techniques for working with radioisotopes. The titlés of the
bulletins indicate some of the subjects covered. A bulletin of particular

interest, Diagnostic Applications of Radicactive Isotopes, deals with the

.medical applications of isotopes.

NUCLEAR-CHICAGO- BULLETINS
1. How to Use Radioisotopic Yield Determination in Quantitative Analysis

2. How to Use -Radioisotopic Analysis for Mixing Evaluation
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-3, How to Use the Radioisotopic Derivative Method in Quantitative

Analysis
L. How to Use»Radioactivitykih Paper Chromatography
5. How to Evaluate an Analytical Method with the Aid of Radioisotopes
6. How to Make Quantitative Determinations by Radiometric‘Ahalysis

T. How to Prepare Radiocactive Samples. for Counting on Planchets -
Part 1 | |

TB. How. to Prepare Kadioactive Samples for Counting on Planchets -
Part 2

8. How to Compute Absorption and Backscattering of Beta Rays
:iO, Quantitative and Qualitative Analysis through Neutron Activation
11. How to Prepare Samples for Liquid Scintiilation Counting
12, How to Compute Neutron Transmission and Diffuéion

13. How to Determine Efficiency Automatically in Liquid Scintillation

-Counting
1k, 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 Radioactive Isotopes.

New England Nuclear Corporation publishes a monthly bulletin,
‘,Atomlight, which generally features articles on the biological or‘médiCal
aspebts of isotope use.

Abbott,Laﬁoratories have published several bullétins on medical
uses of isotopes. These bulletins include: |

Radioisotopes in Medicine: AﬂGuide for Physicians and Hospifal
Personnel, April 1962
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- .Nuclear Medicine: for the Modern Physician andvh;s’ﬁbspital,,l956

Raedio-iron Preparations, July 1962

The Isotope Research Division of the. United Kihgdom Atomic EnérgyV
Authority;,is now.publishing a serles of single page’bulletins.on‘vérious
phages;of isotope use. ;These may be~obtained from the Wantage Reseafdh
Lab;raféry <AERE); Wéntage,wﬁerkg:;‘Ehéiand.‘ (

BULLETINS ISSUED BY UNITED KINGDOM ATOMIC
ENERGY AUTHORITY TO MARCH 1, 1963

B.6 Neutron Detectors

B.7 Semi-Conductor Radiation Detectors
B.10 Statistics of Measurement

C.1 RadioactivévTracers;;Physical Principles

C.2 Principles of Tracer Techriiqué (Chemical)
- C.4 Radioactivation Analysis

C.6 Measurement of Liquid Flow

C.10 Measurement . of Bulk Flow and Mixing Efficiency
c.12 Filter>Testing

C.1% - Siltation Studies

C.1hk Grbund Water Tracing

D.1 Thickness and Density Gauges (Transmission)-

D.2 Thickness and Density Gauges (Backscattering)

D.7 X-raj Fluorescence Spectrometry

E.1 Advice and Services Available in the UK
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VII. STABLE ISOTOPES
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Although popular conception of the atomic energy program associates
the isotopes business with the glamorous "twinkling atoms," the increas-.
ing importance of separated stable isotopes should not be overlooked;
fhese silent partners play a rather important role in the Qverall appli-
cations program. Figure VII-1 shows the growth of thé 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 othef
methods including thermal diffusion, centrifugation, and countercurrenﬁ';
fused salt migration. These methdds will be discussed more thoroughly"
in the second issue of this review.

One of the most significant contributions of this phase of the
isotopes program is the use of enriched stéble isotope targets f§r tﬁe.
prodﬁctionAof radioisétopes. Shorter irradiation times, higher specific
activities, and freedom from undesirable extraneous activities are
characteristic of radioisotopes prepared by bombardment of separatéd
stable nuclides. The reduced extraneous activity usually results from ‘
both increased concentration of desired target nuciide and decreased
contentration of undesired target nuclide.: Table VII-1 lists a few of
the enriched nuélides uséd for radioisotope production, along with ih-
formation to show the advantages of using these targets rather than
normal material. The same advantages apply with respect to cyclotronn
produced radioisotopes.

These advantages are illustrated nicely by CahT. The 4.5-day

isotope when prepared from the 0.005% Cah6 in normal calcium is
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completely overshadowed (by a ratio of about 25:1) by‘the;l6heday‘Cau5'
produced by the irradiation of the 2.1% Cahh also present. However;
if the cah6 is enriched to, say, 30%, the Cahu/0a46 ratio is reduced

to about 1:5, and the resulting CahS/Cah7 ratio becomes.aboutn15125;.vf
. . )+5 -

fhus'a.uSeléss product which is 96% undesirable Ca

useful product whlch is 99% Cah7,

can become a very -

Table VII-1. Enrlched Stable Isotopes Used in Radioisotope IToductlon

Radio- Target ent; Abundance - Advantages | .
‘Isotope  Nuclide "™y ) Bnriched A% B
€d-109 .ca-lba o088 T 80 gg:iig;l '228-:»
' Ca-lr5 Ca~lh 2.1 98 3 'u7"‘__f_.{-;A;,¢;€L
Ca-kT Ca-k6 0.00% éq 10,000 ~c§-h5: '3,on‘
Cr-51 Cr-50 b3 95 o3 --_;,f_;;ﬁfef‘
Fe-55  Fe-5l ‘5.8 98 1T Fe-59: 18,000
Fe-59 Fe-58 0.31 76 250 Fe-55: 2,500
ni-65 W62 37 98 25  Ni-59: 2,500
§r-85  sr-84 . 0.55 5k | 100 ~ sr-89: " 50¢"
a

~A = The approximate factor by which specific activity can be in-
creased for a given irradiation time, or by which 1rrad1atlon time can
be decreased for a given specific activity.

b = The approximate factor by which the concentration of an.
extraneous (unwanted) radionuclide is reduced relative to the -desired
nuclide.

Table VII-2 shows some typicel uses for stable nuclides;l A recent

bibliography covering these and other applications is included in

ORNL 3266,2

-
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Table VII-2.% TYPICAL USES FOR ENRICHED STABLE 'ISOTOFES

Target materials for prepafing high-specific-activity radioisotbpés.
in reactors and in accelerators. Eﬁriched:targets not only increase

the number of activations per unit time of irradiation, but also reduce

side activities introduced by other isotopes. Calcium—hh, CrSO, 0r54,

Fesh 58

, and Fe” are examples of enriched.isotopés used in producing -

radioisotopes.

Studying the isotope effects on bulk properties of elements.
. ‘ -

Specific heat, density, and the like have been studied for’Li6 and Li';
the isotopes -of lead, mercury, and tin have been ‘investigated in con-

58

nection with superconductivity; Ni”~ and Ni6o have been used t0 study
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 a mass spectrometric analyéis‘of
irradiated material can be positively correlated to an activity only
when  the target material is mononuclidic. More thanrlOQ~suchlmass.cona

firmations have been made in this way.

Isotope dilution analyses. Traces of enriched,K39,.Kul,fand NlS

have been used in fertilizér~uptake studies; Kél in geologic age

50 62

déterminations; v, Fesu,,and Ni~" in estimating trace im?uritieé in

crude oils..
" Studying naturally occurring, low-abundance radioisotopes such as .

Kuo, Sn12h’ Rb87 14T

, and S . 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 elémenﬁ. This is particularly true in the case .of the double-

beta-decay studies of Kho.

Preparing calibration standards for mass spectrometers. .'"Blends"

of various concentrations of essentially pure nuclides provide reference

T

standards. An example is mixtures of enriched Li6 and Li" to give a

compIeté range of relative abundances.

Preparing radiolsotopes for étudies of decay schemes and chéracter-
istic radiatioﬁs. Numerous highly enrichgd nuclides have been acfivated,
and the invéstigators have thereby been.-spared the tremendous confﬁsioﬁ
which results-from trying to uhscramble the decay schemes ofvséveréi
_species which are disintegrating simultaneously. |

Medical use. Gallium-T71 has been used in bone-canger studies; .;'

40

K~ has been used in tissue studies of malignant lymphoms..

.Sources of monochromatic light for ‘optical calibration. Wavelength"
standards are preferable when uninfluenced by any isotope effect due

198

to isotopic impurities. Cadmium—llh, Hg ~", and Hg202 have been used ‘”
as standards. The orange-red wavelength of Kr86 has been made the basis
for the official definition of the meter.2a

Optical studies of isotope shift, hyperfine -structure, and nuclear

spin. Huhdreds of publications on these subjects exist,

-Measuring neutron absorption, scattéring, and total cross section.

This probably involves the most concentrated efforts at the preseht time, -
using enriched samples of almost all the stable isotopes.

"Pushing back" the -1imits 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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Iimits-oflpossible abundance -of a particular species. This has been

done for Yb 67, Erng, and Pbglo. The technique has also béen used fbr

180

Ta to ‘help assign an actual value of abundance to an 1sotope pre-

vlously thought to be nonexistent.

-Spectrochemical stahdards. Spectrochemically pure‘Cal‘LO is re-

covered from the“electromagnetic;séparation:of'calcium isotopes.

Wlth minor dhanges, reprlnted with permission from Chem. Eng News

37(5) - 6 (1959).
During the firét ten years -of thé«élecfromagnetic‘separafidns pro-
gram, nearly one féurth of fhe isoﬁppeS‘were used to determine enérgy
levels aﬁdvanother'one‘fpurth to méésufe'Vafioﬁs ﬁeutron"cross sections;3
‘Today much of the effor{Ais involved in the Varioﬁs cross-sectidn stud-
3‘;es;h"‘5 'However,'verylipteresting worﬁ'céntinﬁes on enérgy levelé,6

T

decay schemes, and half-lives,8 and onfsuch other topics as hyperfihe

structure,9 the measuremeﬁt of bulk‘préperties,lo anéaMﬁssbauer stud-
fes. 1112 o -

The use of enriched étable.isétopes in isotopé dilution as an
analytical‘tool-has»good potehtiélili’ Théirguse iﬁ trécer‘work‘ianIVh
ing eventual actlvatlon analy31s is alsc a powerful tool 1h A unique '
u’se»of'BlO consists of 1ntroduc1ng a soluble compound into the blood-
stream:of a patient w1th a brain tumor,,allow1ng the isotope to con-
centrate in the‘tumor? and then irradiating the Bl. with neutrons to

provide‘an on-the-spot treatment of the tumor. Thls is also mentloned

under -"Medical Uses of Radioisotopes.”
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‘A Manual for Nuclear Medicine, E. R. King and T. G.}Mitchell, Charles

C. Thomas, Springfield, I1l., 1961, $13.50, 406 pp.

Due to its early stage of é rapid development, the field of nuclear
medicine is not yet clearly defined. In the broadest sense, it should en-
éompass those effects in man that are causéq by nuclear radiation origi-
nating from both exfernally’located sourceé and internally deposited
emitters. Obviously, this definition would not only refer to the use of
isotopesfi@ the hospital but would also include such diverse areas as, .:.
for example, radiological civil defensé, radiation exposure of high-
altitude jet crews>and.as£ronguts,'radiation-induced changes in human
genetics,ignd maﬁ&_aspects<of§héalth physics.. In the narrowest sense,
nuelear'medicine'is taken:as‘that field of medicine which deals with the
xadminiétration of radioactive isotopes to patients, predominantly for
diagnqsticzpurpdses. King;énd 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. Therefore instructional
material, .laboratory exercises,‘and élinical,érocedures are well tested
and perfectly adjusted to the requirements of/physicians and medical stu-
dents who intend to use radioiSotopesAas'diagnosfic tools. ‘Becausé 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
laboratory 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 laborstory 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 otherwiSé obtainable. Two subsequent
chapters.are devoted to scintillation scanning, which currently repre-
sents the most rapidly gfowing 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 deveiopmental 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 préferentially~in cancerous tissue. The clinical part con-
cludes with chapters .on the 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-
tation necessary for sensible performance of the previously described
clinical procedures.

In sumsary, King and Mitchell's manual is‘intended.for the training
.of physicians and medical students who wish to use radiolsotopes in
diagnostic work. For that purpose the book is admirably suited and

can be recommended very highly.

H. B. Gerstnerj; M. D. Coe
Oak Ridge Instltute of Nuclear Studles
Ogk Ridge, Tennessee
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Klinstliche Radiocaktive Isotope in thsiologie,Diagnostik,und.Therapie

(Artificial Radiocactive Isotopes -in Physiology, Diagnosis,,an& Therapy),
ed. by H. Schwiégk and F. Turba, with 83 contributors. .24 ed. Springer-
Verlag, Berlin, 1961. Vol. 1, 1327 pp.; vol. 2,,1248 pp. Set only,

DM 398.

The two volumes -of this publicatioﬁ.are.divided into three parts
which cover, respectively, properties :of isotopes and baéiclinformation
needed in.iéotope work; the use of radioisotopes .in physiology, pharma-
cology, and diagnosis (with anziptroduction by Von Hevesy); and radio-
-isotope 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 microorganismsé
baction‘of viruses, vitamins, hormones, and enzymes; and research.in
genetics, immunology, and .photosynthesis. Clinical uses-of isotopes
discussed include diagnosis -of tumors and of various conditions‘by
labeled vitamin Byp; treatment of polycythemis vera and thyroid condi-
tions; intracavitary irradiation; hypophysectomy; and methods :of applying
radioisotopes. .Isotopes discussed for therapeutic uses include not only
the well-known ones such as'Au;98, 1151, and,Pée, buf also the less.com-~
‘monly used ones such as As76 and Gé72-“Each chapter ‘is extepsi%ely

documented. A 270-page index is included in vol. 2. (M.G.)
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Diagnostica e Terapia con i Radioisotopi, P. Bastal, L. Antognetti,

-G. C. Dogliotti, G. Monasterio; coordinated by B. Bellion. L3 contributors.
Edizioni Minerva Medica, Turin, Italy, 1962. Produced under the auspices
of the Ttalian Society for Nuclear Biology and Medicine. 945 + ix pp.

(in Ttalian). L 13,000. -

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. vEspeciallya
useful are tables such as those showing the radiation dose to a patient

60 and 08137 ra-

in various diagnostic tests and the penetration of Co
diation from teletherapy sources; the outline of methods for ﬁreparing
isotopes; and the detailed instructions, with photographs, for handling
radioisotopes. Chapters on lesions resulting from excessive irradiation,
protection from radiation,; and Ttalian legislation in this and related
fields will be of interest to the industrial physician and health
physicist. The mathematical discussion of tracer equilibrium and
descriptionévof 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 sﬁecial
interest to the practicising physician are the.last'two sections, where
diagnostic and therapeutic applications for most .of the bddy organs and
tissues and 0060 and Ccs13T 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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-Les isotopes radioactifs en médecine,/M.»de Visécher'aﬁﬁlc. Beckers.

Albert de ViéscheréE@iteur, Rhode S5t Genese, Bélgium (obtainable-from
-Gauthier-Villafs &-Cie,fParis),;l96l. .166 pp. NF 13. |

In the preface, Dr. M. Tubiana, Professor of the.Una_:x}ersii:y of Paris
Medical Schbol, says, "(The authors) have succeeded ... in writing a book
where the spééiaiist will find many useful data and the nonspecialisf |
.can become'edﬁéatéd without becoming coﬁfused." The French.i$ vefy easy
reading foi an'English-speakinglscientist who knows only a .little French,
and a non-nuclééffphysicist considering theiuse of isotopes will find the
first two chaptérs:a convenient compilation of information needed for
understanding radioisotope applications. Most of the actual mé&ical ap-
plications discussed are fairly well established ones. The basis for
their adoption ié ekpiafhed, which should help a newcomer to thé‘field,
but they,are not docﬁmented.

In the Basic infqrmation.section~arejelementary discussions of
atomic structu;é,,radioaétivity, and half-lives and an explahation.of
terms. The:ﬁrincibal isotopes ‘used .in. biology and medicine are listed,
with their-halfllives and Btand y ‘energies, ‘and basic principles of such
equipment as ionization chambers, Geiger counters, .and scintillétion media
are'explaiﬂéd.<'Medical applications discussed include the use of tracers
for stﬁd&ing;blood componehts, circulaiion, digestion, water, electrolytes,
and thyroid fﬁnétion and in tumor<diagnosi5v wRadioisotopic therapy in
hjperthyroidism_and thyroid cancer, in polycythemia vera,<chr§nié leu-

kemia, and lung cancer and in relieving heart conditions is described.

(M.G.)
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Dans la preface, le docteur M. Tubiana, Professeur Agrégé & la

Faculté de Médecine de 1'Université de Paris, dit,((Epes auteurs] ont
réussi ... & écrire un livre ou le spécialiste trouvera un gfand nombre
de données utiles et ou le non-spébialiste pourra;sans'gtré”rebuié:s'inie
tz‘b'erv:\ar’ce:s:'méthodes.)) Cer’cainement s beaucoup d'information est con-:
tenu dans le livre. Pour le novice,il-y-a(un discussion de la structure
du'noyau atdmique,Ade 1a dééroissance radioactivé, et de l‘activité spé—
cifique. Pour le travailleur scientifique il-y-a une liste convenable
des principaux fadioéléﬁents utilisés en biologie ét-médecine avec
leurs périodes de demi-Vié et leurs éhergies de.ﬁ et 7.

‘Bienque ce petit livre n'est pas documenté, il forme un excellent
précis de ltutilisation des radio-traceurs dans 1'€£udevdes maladies
du sang, de la eirculafion sanguine, de la digesﬁion-et,de.l'absbrption
intestinale, de l'eau et des electrolytes, l'exploration de la fonction
thyroidiehne, le diagnostic des tumeurs et lfapplication des isotopes
radioactifs en thérapeutique.

Le livre ne présente pas trop de difficultes pour le technicien

de langue anglaise qui ne parle pas beaucoup de frangais. (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 Chémistry 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 -"debug" the experiments before they wefe published;
therefore, ‘the 4O 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 f%omvff(can be used to enrich traditional
courses. In the prefacerthe author states his .aims:

"The non-nuclear chemist is often reluctant to use radioisotobeSv

"..in his research, because of the idea that their use involves = ..
extensive revision -of techniques, and oxtreme 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-

ity with 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. TFor the student who is contemplating, or

who has already decided to work -in the area of nucleér science or

the atomic energy industry, a thorough knowledge of the physical
and chemical techniques involved in this field is essential. It

.is the author's hope that this book will encourage the use of
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radiocactive isotopes in scientific researéh."

There are several very atfractive features of the book. (1) An |
‘entire chapter in a prominent place (Chapter II) is devoted to radiation
safety; (2) the laét five chapters provide a wide variety of material
from which the student (qr the instructor) éan chooSé that which most
neaflyvfits the need; (3) Appeﬁdix A suggests special projects thét the
student'can do to furtherbehribhrthe caufse;‘(h) most ofiﬁhe experiments
can be doné with'iicehge-exempt:quantities of”isqtopés; (5) a good
bibliog;aphy is.provided,

Appendix.onh;licénsing regulations agd:sources of isotopes‘cquld
be misleéding to»a,stuﬁent or teacher inexﬁeriencedfwithfiSOtopes,
Although Oak Ridge National Laboratory sells liceﬁseQexemptbquantities
of radipisétopes, itlig‘nbﬁ”the~most‘convenient,Of economical source

for these small amounts. Also, The Isotope Index is probably a more

complete source of information on commercial isotope vendors than the
-Nueleonics Buyer's Guide Edition suggested. in the Appendix.
This book, which was also reviewed by J. W. Cobble of Purdue

Uﬁiversity in Journal of Chemical Education for January;l9653 is an

excellent addition to the teitbooks designed to teach nuclear labora-
tory techniques.

(RHL)



268

_Adventures in Radioisotope Technhology, George Hevesy, Pergamon

Press, New York, 1962, 1074k pp., $30 for the set.

If you had to choose one man as the father of isotope technology,
there could be-only~one—logical choice -- George Hevesy. To give his
record of first accomplishments is to gi&é 8 history of isotoﬁe uses:
... use of a radioisotopé;as a tracer in inorganic work (1913,

solubility of lead sulfide and lead chromate)

use -of a radioisotope as a tracer-in botany (1923,~lead,in the

horse-bean)

use of a radioisotope with an animal (192k, biémuth-in the

rabbit) l

use of a stable isotope .as a tracer in biology (l934,,deuteriﬁm

in man) » |
... use of an artificial isotope in biology (1935,,P52 in rats)

making of a neutron activation analysis“(l956,_rare'earths)

These two volumeé,coniéin»loo of.ﬁevesy’s*papers (all translated
into English) on the.use of radioisotoﬁes,_and edited as they are, they
make a fascinating scientific autobiography. By_putting_papérs-in
subject catégories and commenting on each group as‘a whole, the
author is able to give a cohesive account -of hié scientific -accomplish-
ments.

The book opens with a'shorflautobiographical paper which was

originally published in.Perspectives in Biology and Medicine. This

paper helps to place the scientific papers in their proper historical
framework. The book ends with three lectures: the lecture he gave on

receiving the Nobel Prize in December 1944 and two.lectures which he
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gave some time later. These three lectures summarize his scienfific
accomplishments and round out the book.

This is ﬁot a book (or really books) that one can sit down and
read through ;-}rather it can be browsed,ih, read one subject;at.a
- time, or used as.a reference book. Because of Hevesy's tremendous
‘breadth of intefestsbthere;is somethingihere for everyone -- biologist,
physicist, chemist, or medical doctor.

Itlseems a«pity to complain sbout anything in reviewiﬁg a book as
valuable as this; however, I have two criticisms;. First, the comments
after each section, which confain some of the best human-interest-type
information in the book; are too short; They’whet’your appetite for
more. For example, in one comment Hevesy tells that thei600~mg-radium-
‘beryllium source he uséd to make his P52 wés;loaneaAto him by ETofessor
‘Niels Bohr who had recei&ed it:asfa‘present on his fiftieth birthday.
Second, while using this book for bibliography sources in writing
other parts .of this review, I found sevefal incorrect references
apparently resulting from careless proofreading.. In spite .of these
two relatively minor faulﬁs, this is a worthwhile book and highly

recommended for -anyone interested in isotope technology.

(RHL)
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Radioactive Isotopes in Biochemistry. By Engelbert Broda,

Professor of Chemistry, University of Vienﬁa”(Austria). D. Van Nostrand
Company, Inc., 120 Alexander Street, Princeton, New Jersey. 1960.
x + 376 pp. '$11;50.

This book is a remarkably concise sﬁrvey of principles of method-
ology in the use of radiocactive tracers and their-appliéation to
selected problems in biochemistry. The author avowedly makes no pre-
tense to completeness in any direction. The admitted deficiéncies in
detail are compensated for to a large extent by more than 3200 refer-
ences to the original literature, including many of the latest pertinent
papers.

The first third of the text is devoted to eight chapters dealing
with radioelements in biochemistry, principles of radiochemistry, radio-
synthesis, isotope effects, radiation chemistry, radiation biology,
protection against radiation, and measurement of radiocactivity. This
is followed by two chapferé on the application of radiocactivity to
analysis of living matter and absorption and excretion of elements.

The last half of the book entails six.well organized chapters on
the principal problems and special topics in intermediary metabolism.

The English translation reveals a sound grasp of and_ajfeeling;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 International Organizations of Medical Sciences, under
the joint auspices of UNESCO and WHO. $he 27 active participants
represented~six cou£tries.

In his iﬁtréduction, McLean staﬁes that nearly all the uses that
may be made of radioisotopes in this fiéld,are illustrated in the 26
papers presented. Among the investigations reprinted are those on such
widely diversified‘subjects éé teeth, bone tumors, bone grafts, para-
thyroid action, rickets, and calciumimétaboliém, some ‘in vivo and .some

Sr85, Sr9q, Ca45 bt

in vitro. The radioisotopes considered‘arevPBE; , Ca'',

s, w0, M m®?, w3, m?, 1131 kM2 Both formal papers and the
discussion that followed are included. A bibliography at the .end has
some 450 entries. ’ M.G.)

BOCKS RECEIVED BUT NOT REVIEWED iN;THIS ISSUE

Radioactive Isdtopes in Medicine and Biology: Medicine, S. Silver,

Lea & Febiger, Philadelphia, 1962, $8.00.

-Radioactive IsOtopés in Medicine and Biology: Basic Physics .and

Instrumentation, E. H. Quimby and -S. Feitelberg, Lea & Febiger,

Philadelphia, 1963, $8.00

Le cesium-137 in téIéthérapie, R. Amalric and J. P. Vigne,

Gauthier-Villars, Paris, 1962, NF 20.

La Télécobalthérapie en cancérologie, H. Pourquier, Masson et Cie,

Paris, 1962, IF 60.
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Telecobaltoterapia, G. Pisani, C. Cortissone, G. Savino,

A. Malaspina, Edizioni Minerva Medica, Turin, 1962, L 5000.

Progress in Radiation Therapy, Vol. II, F. Buschke, Grune &
Stratton, New York, Lon&on, 1962, 266 pp., $12.50.

Inmediate and Low-level Effects of Tonizing Radiations,

A. A. Buzzati-Traverso,Taylor & Francis, 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, 70O pp., $9.00.

Principles of Radioisotope Methodology, G. D. Chase and J. L.
Rabinowitz;,Burgess Publishing Co., Minneapolis, Minn., 1962, 2d ed.,

572 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 Technologz, Vol I, E. J. Henley

and Herbert Kouts, Academic Press, New York, 1962, 355 pp., $12.00.

Les Applications Industrielles des Radioéléments, A. Blondel,

R. Colas, R. Cornuet, R. Hamelln, A. Kohn, A. Lamm, P. Leclerc,
P. Leveque M. Quesson, R. Rabot P. Rochas, J. Thiery, Editions

Eyrolles 61, boulevard Saint-Germain, Paris, 1962, 352 pp., $9.30.
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Radioisotopes in the Physical Sciences and Industry III,

Inﬁernational Atomic Energy,Agency, Globus, Druck- und Verlagsanstalt,

Vienna, Austria, 1962, 640 pp., $8.00.
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IX. RECENT NEWS ITEMS
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General Electric haé established a new Irradiation Services and Pro-
ducts Section in its Atomic Power Equipment Dept. to meet the growihg de-
mand for radioisotopes and irradiation services. With headquérters at
...Vallecitos Atomic Laboratory (Pleasanton,vCalifornia), it will offer a
..complete range of nuclear irradiation services, including production of

. . radioisotopes.

" Union Carbide Nuclear Co. has announced that interest in isotopes is
sufficient to encourage the company "to become a majorﬁprodu;er of iso-
topes and to provide consultation and services in radiation application
problems." They are now supplying nﬁmerous routinely used isotoﬁes 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 Fébfuary, bacon bé;ame the first food to be approved by the'U.S.
Food and Drug Administration for radiation sterilization. The baconz.
which is‘irradiated in:cans‘with 4.5 megarads from a Co6o;gamma sOurce,
will next beltestedbundér'arctic and tropical conditibns. Some twenty
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
build the first seafood products irradiation pilot plant, at Gloucester,

Massachusetts. The $600,000 plant, with a 300-kilocurie 0060 gamma,. source
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and a capacity of 1 ton/hr, will be used to dembﬁstraﬁe.ﬁhelfeaéibility of
radiation pasteurization of seafoods. The AEC's 1964 Eudget inc¢ludes
$350,000 for a transportable Cof0 irradiator for field studieé with fruits

and $200,000 for a grain-disinfestation pilot plant.

A CO60 irradiation plant has been opened in England by Johnson's
Ethical Piastics Ltd. for sterilizing plastic disposable syringes. The
source initially is a 50-kilocurie unit, but the design is for 250 kilo-

curies.

Export of radioisotofes will be-simplified by recent amendments to
AFEC regulations. A’general license -- one for‘whiéh no application to AEC
is required -- has been established to réplace the specific‘iicense for-
merly requiréd for the-éxport of certain forms of mOderate-quantifies of
tritium andhpolonium. -Use of these isotopes, which is widespread and -
consideredvsafe in the atomic energy indusﬁry,‘will be subject to the
radiation'saféty laws and regulations of the countries to which they are

exported.

The séle price‘ofjheavy water has been. cut from $28 to $24.50 per
pound f.o.b. Savannah River Plant, Aiken, .S. C. The base charge for
leased heavy water has also been cut to $24.50 for leasesfthat do not -
have a fixed base charge. Further price cuts wiil be considered if com=
mitmenté from customers require operation of the heavy water plant at

increased capacity.
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Oak Ridge National Laboratory'ha§599.99%'Ne20 available for routine

- sales. -In March.1963, concentrates of the mid-position isotopes, 10% Necl

.,andA4%;Ar58,tbecame'available in very limited amounts.

Dr. Martin D. Kamen, co-discoverer of Clu, gets the nod for the

American :Chemical Society award for Nuclear Applications in Chemistry

‘gponsored by Nuclear-Chicago Corp. Dr. Kamen ig Professor of Chemistry

~at the University of California, San Diego.

,Ther;.éonsul’éative committee for Eurisotop, the Euratom Information

‘Bureau,,heid its first meeting inlNovember‘l962. A»majdr topic of dis-.

:cussion.waS'how to provide information on radioisotopes not only to the
vgeneralwpublic;but to professional circles that may benefit-ffom using

them. uSuggestiOns offered included traveling exhibits and television

programs.

The AEC has executed agreements with Kentucky, Mississippi, Cali-

. fornia, New York, and Texas for transferring to the states some of its

regulatory responsibility for licensing,"rulegmaking, and enforcement in
the uses of radioisotopes. A similér agreement proposed by‘Afkansas is

being considered.
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