
UNITED STATES, ATOMIC ENERGY COMMISSION 
e 

FOURTH SEMIANNUAL 
7 t REPORT 

REPOSITORY I 

COLLECTION fiEL Qd;-,CcS 

BOX No. 

UNITED STATES GOVERNMENT PRINTING OFFICE I 1948 

For sale by the Superintendent of Documents, United States Government Printing Office 
Washington 45, D. C. - Price 35 Cents 



7 

i 

LETTER OF SUBMITTAL 

The honorable the PRESIDENT PRO TEMPORE OF THE SENATE OF THE 

The honorable the SPEAHER OF THE HOUSE OF REPRESENTATIVES OF THIP, 

SIRS : We have the honor to submit herewith the Fourth Semiannual 
Report of the United States Atomic Energy Commission, as required 
by the Atomic Energy Act of 1946. 

Progress in atomic science and technology-which it is the purpose 
of the Commission to advance and to foster-brings with it many new 
and difficult questions of public policy for the consideration of the 
American Congress and the eople as a whole. The intelligent and 

tions requires that the Congress and the pu lic be well in ormed con- 
cerning the Nation’s extensive atomic energy enterprise, subject only 
to the prudent safeguarding of areas of information affecting the 
security of the Nation. 

The extensive and detailed character of this report is one manifes- 
tation of this Commission’s purpose to seek to further public knowled e 
about this enterprise, owned as it is by the people and so profoun d y 
affecting their present and future security and well-being. 

UNITED STATES : 

UNITED STATES : 

B B democratic consideration of t E ese increasin ly important olicy ques- 

Respectfully, 

s 

t 

i 

U m  STATES ATOMIC ENERGY COMMISSION. 
ROBERT F. BACHER 
Smmm T. Prim 
LEWIS L. S m u s s  
WWM W. WAYMACK 
DAVID E. LILIENTHBL, Chaimwn 
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In order to make its semiannual reports of maximum value to the 
bfembers of the Congress, the Commission has prepared this mid-year 
report as a specialized document giving a comprehensive account of 

The complete 
detailed record of this year’s work mill be contained in the Janu- 

ary report. 
The present report is given over larwely to a rksum6 of the work 

k ing  done with isotopes produced at  bak  Ridge, Tennessee. Some 
of tlie work is being carried on in the research laboratories of the Com- 
mission, but the great bulk of it is being done in scores of medical, 
biolo@cal, agricultural. and industrial research centers, as well as in 
hospitals and in manufacturing plants. Attention is invited to the 
,ppendices of this report dealing with the work o€ the users of radio- 
active materials? who day by day are putting atomic energy at the 
service of man- 

Of special importance, of course, is the publishable information 
dealing vith Operation SANDSTONE, under which code name a 
program of tests of atomic weapons and observations of nuclear 
phenomena was carried out during the spring of this year. This proj- 
ect and certain other important phases of the atomic energy program 
are covered in the current report. 

There is included in this report a statement to the Commission from 
the General AdvisorSJ Committee evaluating the prospects for useful 
po-iver from nuclear fuels. 

There are a number of important phases of the subjects covered 
by this report which for reasons of national security cannot be pre- 
sented in a public report of this character. These are discussed with 
the Joint Committee on Atomic Energy which was authorized by the 
Congress to receive information on all activities of the Commissioh, 
and with appropriate advisory committees comprised of specially 
ualified individuals, such committees being authorized by the Atomic 

inergy Act of 1946. 
The Commission’s major responsibility in terms of plant investment, 

operating costs, and direct contribution to national defense, is in the 
production of fissionable materials, the development of reactors, and 
the development and manufacture of weapons. Radioactive materials 
distributed by the Commission are byproducts of these activities. 
They are of such far-reaching importance to the health, industry, agri- 
culture, and welfare of the nation that the Commission is devoting the 
major portion of this report to the work being done by nongovern- 
mental agencies with isotopes supplied by the Commission. 

major phases of the atomic energy program. 
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FOURTH SEMIANNUAL REPORT TO THE CONGRESS BY THE 
UNITED STATES ATOMIC ENERGY COMMISSION 

I. PROVING GROmTD OPERATIONS 
On May 17, 1948, President Truman announced that three atomic 

meapns of new and improved design had been tested at  the AEC 
proving Ground on Eniwetok Atoll in the Marshall Islands. The an- 
nouncement marked the completion of the first series of tests at  the 

ground, which is being conditioned and placed in standby 
status p f  or further use. 

its Second Semiannual Report to the Congress, transmitted July 
22, 194’7, the Commission stated that it was establishing proving 
grou& in the Pacific for routine experiments and tests of atomic 
weapons. I n  the Third Semiannual Report submitted in January of 
1948, the Commission stated that its goal in the field of weapons de- 
velopment was the scientific and engineering perfection of improved 
&sips, and that thorough testin of weapons and components is 

I n  any program designed to accomplish the effective development 
and production of weapons, the need for proof testing or the conduct 
of full scale experiments is a natural requirement. Failure to test 
developments would soon throttle the design of improved weapons. 
America’s pre-eminence in the field of atomic weapons is not static. 
It depends upon achievement fully proved through tests and upon the 
observation by scientists of nuclear phenomena that can only ade- 
quately be studied by actual full scale test operations. 

the 
one goal relentlessly pursued was the creation of an atomicqornb 
which would work-and work in time to be effective during World 
War 11. It had only to work, it did not need to be too efficient; and 
the related problems of engineering and production were dealt with 
accordingly during the emergency of war. 

The bomb did work. It worked during the war and also a 
later a t  Bikini. But all of these weapons as far as their state 0 de- 
velopment was concerned were almost on a par. They were the war- 
time weapon-designed under extreme pressure and without regard for 
many problems which in thc long run are of very great importance 
in the application of atomic energy. 

With these considerations in mind, the Commission undertook the 
development of plans for the conduct of true field laboratory tests 
designed to determine whether the new desips under development 
by the Commission would work and to determine their efficienc 
from the knowledge thus gained to  proceed as rapidly as possi le to 
further advances in design. 

Initial planning for the tests began in the spring of 1947, when the 
necessity for such tests was apparent to  the Los Alamos Scientific 

rovh 

necessary to the attainment of this o % jective. 

During the period of wartime development of atomic ener 
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2 UNITED STATES ATOMIC ENERGY COhlbi ISSION 

Laboratory of the Commission. The Commission and its General Ad- 
visory Committee and a majority of the Xilitarv Liaison Coninlittee 
approved the test recommendations. The Preskient authorized the 
tests. Thereupon a site KXS selected, and the Conlmissioll asked the 
Kational Military Establishment to  prepare the proving ground aud 
to provide necessary logistic support. A number of agencies of the  
Illilitaq Establishment were also asked t o  participate in the opera- 
tions, aiid to supply technical and other personnel. Sinong these were 
the Armed Forces Special Weapons Pro] ect, the Naval Research Labo- 
ratory, the Kava1 Ordnance Laboratory, the Army’s Aberdeen Proving 
Ground, and the Xavy‘s David Taylor Model Baiin. 

Through the cooperation of the Secretary of Defense, Joint Task 
Force Seven was created on October 18,194’7, for the purpose of ready. 
in the proving ground and aiding the AEC in certain of the scien- 
ti d c, technical, and administrative phases of the test program. 

Joint Task Force Seven was an integated effort on the part of the 
AEC, the Armed Forces, civilian scientists, and other specialized 
civilian elements. The Commission particularly desires to m a k ~  
known to the Congress the outstanding manner of erformance of 
the Task Pome organization. As the agency charge cp with responsi- 
bility for the proof-testing of weapons, the Commission was eminently 
satisfied with the conduct of the proving ground operations and was 
impressed with the efficiency of the combined Army-Navy -Air-AEC 
organization directed b Lieut. General John E. Hull, U. S. Army, 

given at a press conference at  For t  Shafter, General Hull said, in part: 
Commander of the Tas z Force. In a public statement on the tests, 

‘‘14s a military organization, Joint Task Force Seven is 
unique. It was organized along the lines of our best wartime 
experience, but there was an additional element. As  a art of the 

in makeup. This was the Scientific Group, which conducted the 
actual tests and which recorded and is still analyzing the results. 
Captain James S. Russell, U. S. Navy, who is De uty Director 
of the Division of Military Application of the AEE, headed this 
Task Group as Test Director, and Doctor Darol K. Froman, as 
Scientific Director for the Proving Ground, headed the Task 
Unit of scientists within the Task Group. Through Captain 
Russell, the scientific unit operated technically under the AEC. 
This Task Group, by common consent, did not work through my 
staff. The channels between Captain Russell, Dr. Froman, and 
myself were direct. Dr. Alvin C.  Graves served as Deputy 
Director to Dr. Froman, and bfr. Robert W. Henderson and Dr. 
John C. Clark were Assistant Scientific Directors-all from the 
Los Alamos Laboratory. 

”The operation of Joint Task Force Seven, thus organized, was 
the ultimate in integrated effort. . . . It is a tribute to the 
scientists who were members of the Task Force that the Operation 
was successful. . . . Much credit for this accomplishment is 
dueDr. Froman. . . . 

“All of us have been equall? impressed with the scientific com- 
petence, the technical skill, and the sound judgment of the civilian 
scientists and technicians assembled for these tests. Our close 
association has been valuable in many respects and! I am sure, 

organization we had a Task Group which was essential 7 y civilian 
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UNITED STATES ATOMIC ENERGY COMMISSION 3 

pat-es the way for a continuing and increasing cooperative d%rt 
to insure the common defense and security of the people of the 

‘;The military staff of Joint Task Force Seven included Rear 
kdmiral William S. Parsons, USN, and Major General ‘Fl’illiam 

fcepner, USAF? as Deputy Commanders. . . . Brigadier 
General Claude B. Ferenbaugh was Chief of Staff. 

LbEaval units of the Joint Task Force were commanded by Rear 
Admiral Francis E. Denebrink. Brigadier General David A. D. 
Ogden, USA, commanded Army units of the Task Force, and 
l la jor  General Roger M. Ramey, USAF, was in convnand of Air 
Force units under the over-all direction of General Kepner. 

“The inajor portion of the Joint Task Force sailed from Pearl 
Harbor on 8 March in ships of the Naval Task Group. Flagshi 
of the force was the command ship USS MOUNT McmNLEf 
veteran of the Pacific war and of the Bikini atoniic tests. The 
four ships of the coiivoy had aboard the principal participants, 
both scientific and military. Construction of the proving ground 
had been conimenced in late December 1947 by General Ogden’s 
Army units, in accordance with plans developed in coordination 
with the Scientific Group. Some of our construction was per- 
formed by civilian contract. 

“One of the most extensive construction projects was that of 
signal communication. . . . Nearly 1,OOO,OOO feet of sub- 
marine cable was laid under direction of the U. s. Coast Guard. 

“Within the Task Force in addition to  the Scientific person- 

r-AEC 

e tests, 
npa r t :  

ne1 . . . we had engaged at  different periods during the 
preparation for and conduct of the tests personnel from the Army, 
Navy, including Marines, Air Force, Coast Guard, Public Health 
Service, Coast and Geodetic Survey, civilian employees from the 
different Services, and civilians working under contract. . . . 

’ven is 
-artime 
5of the ~ 

:ivilian 
ted the “During the period of construction and preparation for the tests results, some 50,000 measurement tons of material, supplies, and equip- )irector ment were shipped from the mainland and from Oahu to the test 
ed this area. . . . 
nan, as t “The over-all strength of the Joint Task Force was approxi- 
e Task ~ mately 9,800 including civilian personnel. 
:aptain j “Observers of the tests were limited in the extreme, since it 
8 AEC. was the view of all agencies that only those who had actual need 
tghmy for the knowledge should attend. These observers included mem- 
In, and bers of the Joint Congressional Committee for  Atomic Energy 
Deputy I and its staff, the AEC, and the ,4rmed Forces. No other observers 

were permitted. nd Dr. 
om the “To sum up, aside from the value of the tests themselves, the 

operation was one of great profit to the Armed Forces. Valu- 
et - able training in joint, operations was gained. . . . Such ex- 
1 -  perience is invaluable in fostering integration within the 

The tests were carried out during the months of April and May of 
this year and involved three nuclear explosions carried out under con- 
ditions as close to laboratory control as possible, and with very 

Technical and experimental work was primarily designed to obtain 
answers to specific questions arising in connection with the instanta- 
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4 UNITED STATES ATOMIC ENERGY COMMISSION 

neous release of nuclear energy for its explosive effect. Subsidiary to  
the scientific aspects, there was a second roup of observations carried 
out by several agencies of the Armed #orces, designed to fill in the 
gaps in the knowledge sought at Bikini with respect to the effects of 
atomic explosions on m a t h e l  and equipment. 

It should be pointed out that investigative emphasis a t  Eniwetok 
was laced on the scientific aspects because new designs of weapons 

on measurement of the effects of the nuclear explosion, rather than 
on the generation of nuclear explosion itself. 

Much of the technical data recorded a t  Eniwetok is, of course, still 
being analyzed and evaluated. The results are generally clear, how- 
ever, and the tests proved not only the effectiveness of the new designs 
of weapons but confirmed a great deal of the theoretical and experi- 
mental work performed a t  the Los Alamos Scientific Laboratory since 
the war. The experimental data gained a t  Eniwetok is important t o  
future research and development, both for weapons and for non- 
military areas of howledge and application. 

were %l eing tested, whereas a t  Bikini the principal emphasis was placed 

The Atomic Energy Commission, mindful of the Congressional 
direction that its paramount objective shall be to  assure the common 
defense and security, reports to the Congress as follows : 

Operation SANDSTONE confirms the fact that the position 
of the United States in the field of atomic weapons has been 
substantially improved. 
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11. ISOTOPES* 

INTRODUCTION 

Isotopes for scientific, medical, agricultural, and industrial use 
constitute the first great contribution of the development of atomic 
ener y to eacetime welfare. Industrial power from nuclear energy 
may$e a d%ade or longer in the future (see discussion, page 43), and 
most other applications are still largely speculative. But isotopes 
produced in the Nation’s atomic energy establishment at  Oak Ridge, 
Tennessee, are already a t  work in more than 300 laboratories and hos- 
pitals in this country and abroad, adding to man’s store of knowledge 
&out himself and the world around him. 

Isotopes assist science in two ways : as S O U T C ~ S  of radiation for many 
potentially important uses including the treatment of disease and as 
bLtracers” of processes formerly difficult or impossible to observe. As 
tracers, they are proving themselves the most useful new research 
tool since the invention of the microscope in the 17th Century; in 
fact, they represent that rarest of all scientific advances, a new mode 
of erception. 

Kank conquest of nature has generally followed the pattern of 
(a )  observation, (6) understanding, and ( e )  control. The microscope 
and the X-ray machine have brought into view the cells and organs 
of living bodies, the molecules and crystalline structure of matter. 
But until recently man’s vision has not penetrated into the details 
of growth and change in the living cell or the intricate chemistry 
of the molecule. 

Now, using tracer isotopes, the scientist and engineer can observe 
atoms as they take part in basic organic and inorganic reactions, much 
as though the atoms were visibly tagged or labeled. Ror the first time, 
it becomes possible to follow in intimate detail nature’s fundamental 
processes-such processes as : 

Photosynthesis, in which reen plants use energy from the sun 

Metabolism, in which some of these carbon compounds, taken 

to form sugar, starch, cel P ulose, and other energy-containing 
carbon compounds used by man ; 

into the body as food, give the sun’s energy to the living cell; 
*There are differing kinds of atoms called isotopes in nearly a11 of the chemical element8 

(hydrogen, oxygen, carbon, iron, copper, etc.). The atom8 of any chemical element are  all 
alike in their chemical behavior-the way they combine to make all material thinge. Moat 
elements, however. have atoms that  are not alike in their nuclear properties. For ex- 
ample, every copper atom has 29 electrons whirlfng about its nucleus, and i t  is this number 
(the atomic number) that  make8 copper behave the way it does chemically. But the 
nucleus of some atoms of copper contains a total of 63 particles (29 protons and 34 
neutrons), while the nucleus of other atoms of copper contains 85 particles (29 protons and 
36 neutrons). Since these two kinds of copper atoms have different numbers of neutrons 
in their nuclei, they have different atomic weights. They are the two natural or “atable” 
i8otopes of the element copper. 

Cqpper atoms can be made, in nuclear reactors and in cyclotrons, which have nuclei con- 
taining some other number of neutrons than 34 or 36. These artificial nuclei are unstable. 
Any one of them sooner or later converts itself into a stable nucleus by giving off particles 
and energy rR.vs. These artificial ‘‘unstable’’ copper atoms are called the radioittotopes 
Of copper. The radiations from the radioisotope9 of the various elements are all dfi- 
ferent, but they all are able to  penetrate solid matter to a greater or less degree. 

6 



6 UNITED STATES ATOMIC ENERGY COMMISSIOX 

The chemistry of hydrocarbons, in which other carbon corn- 
pounds-coal, oil, gas-that provide man with industrial fuel 
energy are processed into gasoline and other materials that serve 
his purposes. 

Eew as it is. tracer research has alreadv broadened our understand- 
ing of these and many other fundamenial processes of nature. AI. 
ready, medical men are profiting from a better understanding of the 
working of the human body. For the future, it is difficult t o  forecast 
the gains that isotopes will bring. Thev will speed the battle against 
disease, They will help man to nialie-more efficient use of nature’s 
materials, to grow more food, to produce better manufactured goods- 
inshort, to adapt his environment to his needs. 

ISOTOPES I N  RESEARCH 

All told, the 96 known chemical elements have more than 800 iso- 
topes, stable and radioactive. Carbon, for example, has five isotopes ; 
’that is to say, there are five different kinds of carbon atoms all chem- 
ically- the same because their nuclei carry the same electrical charge, 
Where they differ is in their weight. The five Binds of carbon atoms 
weigh approximately 10,11, 12, 13, and 14 times as much as the fun- 
damental hydrogen nucleus. The variation in the numbers of neu- 
trons in their nuclei, which causes these weight differences, is also 
responsible for differences in stability. Two of the carbon isotopes 
are natural and “stable“, three are man-made and “radioactive”. 
Stable Isotopes 

The two natural isotopes occurring in ordinary carbon are carbon 
12 and carbon 13 (‘‘C 12” and “C 13”). Of each 100 carbon atoms 
found in nature, 99 will be C 12 and one will be C 13. This is true 
whether you find the carbon in the starch in a potato, the glycogen 
in the liver, or the coal underground; in the graphite in a pencil, the 
steel in a knife blade, or the diamond in a jeweler’s window. 

Durin the 1930s, phy$cists succeeded in processing a few of the 

produced carbon, for example, that contained 20 percent and more of 
C 13, which was consequently slightly heavier than natural carbon, 
although chemically the same. 

The physicist’s success in producing “heavy hydrogen”, “heavy oxy- 

ogist. All of these elements enter importantly into life processes. 
Carbon compounds, for example, not only provide animals with 
energy but also enter into flesh, and blood and bone. 

Yet investigators had always been baffled by such a basic problem 
as findino out how much of a given batch of carbon atoms taken into 
a livingaody went into fat, starch, protein, or intermediary com- 
pounds and how much went to build bone, flesh, or blood. By chem- 
ical analysis they could extract, purify, and weigh the quantities of 
carbon in a dissected rat, but all carbon was chemically alike, so the 
biologists could not say that this or that portion of the carbon had 
come from any particular batch of food. I n  other words, before 
tracers were available, the biolo ist found it impossible to observe 
and understand in detail how car % on or other food elements are used 
by the body. 

lighter e P ements so as to enrich” them in their rarer isotopes. They 

gen ,> , i 6  heavy nitrogen”, and “heavy carbon” was welcomed by the biol- 
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Given carbon, howerer, that was enriched in C ‘13, he could perfom 
tracer experiment. Feecliiig to: a rat a sample of sugar made with 

this 11eavy carbon, which behaves in the body exactly like any other 
carboll, he could dissect the rat  after a measured interral? extract 
and purify such samples of carbon as he was able to handle, and ’ 

learn horn much of the sugar “tagged?’ v-ith C 13 had gone into the 
make-up of each sample. I n  niany parts of the animal the tagged 

was too much diluted for analysis, and therefore the picture 
of its distribution  as incomplete. But the arailabilitlg of the isotope 

rovided what had been t,otally lacking before: 8 method of identi- P fiing portions of a specific batch of atoms, eren after they had gone 
throu 11 chemical changes, and learning something about where and 
how t a ey had been used by the body at the end of a chosen interval 
of time. 
RadioactiUe I S O t O p s s  
~ 1 ~ 0  in the 1 9 3 0 ~ ~  while some physicists were learning to separate 

(or co1xentrate) the stable isotopes, others discovered horn to man- 
ufacture radioactive isotopes that do not occur in nature. C I1 and 
c 14, for example, are man-made. carbon atoms which are just as 
truly carbon in the chemical sense as C 12 and C 13. But the unnatural 
number of neutrons in their nuclei makes them unstable. They decay 
into stable elements (C 11 into boron; C 14 into nitrogen) and in so 
doing send out radiations from their nuclei. 

The radioactive isotope puts nuclear energy at the service of the 
inrestigator and thus tremendously increases his power of perception. 
m e n  tagged with C 14 the batch of carbon in the srigar fed to the rat 
can be detected in the dissected tissues no matter where it occurs in the 
body or what chemical form it takes. Minute amounts of the tagged 
carbon reveal their presence to electroscopes or Geiger counters by the 
radiation signals they emit. I n  the typical Oak Ridge shipment of 
C 14-a millicurie*-37 million atoms are distintegrating every second. 
This amount of C 14 is contained in a mere pinch (one three-hundredth 
of an ounce) of barium carbonate, the compound in which G 14 is 
usually supplied to users. Yet, if this quantity mere distributed among 
P million rats, the radioactivity mould still be detectable in each.. The 
experimenter therefore may allow for extreme dilution of his tracer 
material in the processes he studies. I n  the terms of the scientist the 
radioisotope offers the same s p e d ~ t y  as the stable isotope (the means 
of identifying a specific batch of material) ; and it adds to this an al- 
most incredible sensitivity-a sensitit-ity millions of times greater than 
any analytical technique has ever before provided. 

Furthermore, some radioisotopes have given the experimenter the 
additional advalltage of detection at a distance of his tracer material. 
In qualitative observations he need not always end the experiment- 
dksect the rat or cut up the plant-to make his observations, Because 
many radiations penetrate solid matter to a practical degree, it is 
possible for the scientist to carry on continuous observation of life 
Processes in plalits or animals. Radioactive atoms have been called 
laboratory “spies,” since they accompany groups of natural atoms 

long series of chemical and biological adventures and report 

** curie is arbitrarilr taken as that amount of a radioactive material that dieintegrates at a equal to that *of one gram of radium, that L, about 37 billion disintegration8 wr 
second. A rnillicuric is one-thousandth (.001) of this amount; a microcurie is one 
millionth ( .oooooi) . 
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all along the way the whereabouts and the size of the groups of which 
they are a part. 

the signals sent out by radioisotopes can be 
readily distinyishepone from another. The radiation of C 11, for 
instance, is very penetratin or ‘%ard”, that of C 14 very “Soft”. The 

at which its atoms transform into the stable state, is directly related to 
its effective life or “half-life”*, to name the unit in which this rate of 
decay is measured. The half-lives of the elements are determined by 
their nuclear compositions, and nothing that man does can lengthen 
or shorten them by as much as an instant. C 11, with its intense radi- 
ation, has a 21-minute half-life. This naturally limits its usefulness 
for most investigations. C 14, on the other hand, has a half-life of 
5,100 years. Most half-lives of the radioisotopes lie somewhere be- 
tween these extremes, although a few, like that of C I O  (nine seconds), 
are so short as to rule the isotopes out as research tools. 

Finally, in addition to specificity, sensitivity, and detectability, 
radioisotopes offer to scientists today the even greater benefit of un- 
precedented avaiZa6iZity. Before the war, cyclotrons produced them 
in microcurie quantities-invisible to the eye ; and some varieties, like 
C 11, must still be made in particle acctlerating machines. But the 
war-created chain-reacting pile produces C 14 rn quantities millions 
of times greater than had been possible before, and the same is true 
for most of the important radioisotopes used in research and the treat- 
ment of disease. 

The scientific and medical work possible with radioisotopes today 
is limited primarily by the number of trained workers capable of 
using them. 

Generally speakin 

intensity of the radiation o ff a given element, depending upon the rate 

PROJECTS WITR ISOTOPES 

Recently several hundred of the users of Atomic Energy Com- 
mission isotopes reported briefly to the Commission’s Isotopes Divi- 
sion on the projects they now have under way. Excerpts from these 
accounts may be found in Appendix I. For  the most part, the ex- 
cerpts are in the original wording of the scientists and technicians 
and are not easy for the layman to understand. However, even a 
glance through them will give an impression of the scope and variety 
of the work being done. 

Projects with carbon 14 are illustrative. All told, those reporting 
tell of 72 different uses of carbon 14, which provide a representative 
sample of the more than 185 projects now under way throughout the 
world using this isotope. 

Some of the reports tell of investigations of various phases of photo- 
synthesis-of attempts to determine, for example, what compounds 
are first formed by green plants out of sunlight, water, and carbon 
dioxide; where these compounds are distributed in the plant; how 
they are built up into the more complex molecules of the food w0 eat; 
which plants tend to produce energy-rich compounds in their early 
stages of growth (a question of practical interest to cattle feeders) ; 
and so on. 

*The half-life of an isotope is that period in which the radioactivity decreases to one 
half of! its original value-the period in which one-half of the radioactive atoms d l  disinte 
grate. In the next similar period, one-half the remainder of! the unstable atoms will 
disintegrate, leaving one-fourth. In a period equal to three times the half-life, the remain- 
ing radioactivity will be one-half times one-half times one-half, or one-eighth. 
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At least 40 of the reports recount studies of the way in which these 
These studies 

8re carried on by labeling with C 14 the sugars, starches, glucose, 
proteins, vitamins, and other substances eaten by men and animals. 

Seventeen of the studies are concerned with following the chemical 
transformations of carbon compounds in industrial processes, such as ae ‘kraclilng” of petroleum, the processing of metals, and the use 
of the Fischer-Tropsch process for the manufacture of petroleum out 
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figure in the metabolism of living bodies. 
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of coal. 
A Thousand Projects 

Carbon 14 is only one of 100 varieties of radioisotopes now being 
distributed from the Oak Ridge atomic furnace and accounts for less 
than one out of ten of the total shipments. Many of the others are 
of equal or greater importance in particular fields-radioactive iodine 
and phosphorus, for instance, in medical therapy ; radioactive phos- 
P horns, calcium, sulfur, and iron in fertilizer studies ; and radioactive 
phosphorus, sulfur, calcium, cobalt, zinc, and iodine in cancer re- 
search. m told, more than 1000 different isotope projects are being 
conducted today, and they deal, in one way or another, with every 
important aspect of the physical welfare of mankind. 

~ 

PRODUCTION OF ISOTOPES 

BBDIOISOTOPEG 

The artificial production of radioisotopes for scientific use dates 
back only about 14 years. However, the radioactive elements that 
Occur in nature were used as sources of radiation, and even as tracers, 
virtually from the time of their discovery during the early years of 
this century. In fact, Hevesy, the Danish investigator who, in 1912, 
demonstrated that radium-D was chemically the same as lead thus 
helping to prove that isotopes exist) used the radiations oh the 
radium-D lead isotope to learn about the chemical behavior of lead. 
This was the first tracer experiment. 

heavy elements between thallium (number 81 in the table of 
ments) and uranium (number 92). None of these enter much, if 
all, into life processes. Therefore, few biological tracer experiments 
were performed with the natural radioisotopes. In  the early p a r s  
of the century, scientists used them primarily for treating diseases. 
The main use was of radium and its associated elements. 
Manufacture of Radioisotopes 

The modern era of the utilization of radioistoto es as scientific 

discovered that radioactive isotopes of the naturally stable elements 
could be produced by nuclear bombardment. Within a few years, 
cyclotrons and other particle accelerators had produced radioisotopes 
of all of the 83 stable elements. By 1940 some 370 varieties were 
kn0Wll. 
AS soon as radioisotopes of carbon, phosphorus, sulfur, iron, iodine, 

and other elements entering into life processes became available, medi- 
cal men and biologists put them to work. With the new tools, they 

Most of the naturally occurring radioactive isotopes belong 

tools began less than 15 years ago. I n  1934 the Joliot- & ries in France 
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ment after previously insoluble mxsteries of life and death, groMh 
and disease, in It was tremendously costly, in 
both money anztime, to produce isotopes in c_vclotrons. But their 
power as research tools was unique, and the expense was justified by 
results. 

One series of 
experiments, for example, using radioactive hydrogen (tritium) con- 
sumed in a yeark time less than a cubic centimeter-less than a 
thimbleful-of water containing the material, and the tritium in the 
water was only about one part in a million million. 

lants and animals. 

Often only infinitesimal quantities were required. 

Wartime Deve1o;Dment 
But the cost and scarcity of isotopes would long have prevented their 

use in most laboratories had it not been for  the wartime development 
of the nuclear reactor, or atomic pile. 

These can manufacture radioisotopes in hitherto undreamed-of 
quantities. For example, the Oak Ridge pile in a period of a few 
weeks has produced more than 200 millicuries of carbon 14-millions 
of times more than the amounts previously available. The operating 
cost was about ten thousand dollars. Theoretically, it would take one 
thousand cyclotrons to equal this output, and the operating cost would 
be well over a hundred million dollars. 

The Manhattan Project began development work even before the war 
ended and in June 1846 announced that pile-produced radioisotopes 
would be available. The first shipment was made on August 2, 1946, 
almost exactly a year after the first use of atomic bombs in warfare. 
At first the radioisotopes were allotted only for research and medical 
use. Although the pile had sufficient capacity to manufacture iso- 
topes for all purposes, time RBS needed to develop the strange new 
processes, skills, and apparatus required for their Production. 
Pile Production of Radioisotopes 

Broadly speaking, there are three ways in which neutrons in the 
pile produce radioisotopes : (1) by splitting atoms of fissionable 
uranium into new atoms of entirely different elements-fission prod- 
ucts, so-called-which are radioactive themselves ; (2) by being cap- 
tured in the nuclei of atoms of special “target material” inserted into 
the pile, turning them into heavier isotopes of the same element ; (3) by 
altering the electrical charge of the nuclei of atoms of target material, 
thereby transmuting them into isotopes of a different element. 

Uranium fission products removed from the pile contain a great 
variety of radioactive materials, which-in method ( 1) above-can 
be extracted and purified by chemical means. However, the radioiso- 
topes obtained are all those of elements near the center of the atomic 
scale betTeen zinc (number 30) and gadolinium (number 64). With 
the exception of iodine 131, these do not now enter significantly into 
medical, biological, agricultural, or most industrial processes. There- 
fore, most of the radioisotopes supplied by Oak Ridge must be pre- 
pared by methods (2) and ( 3 ) .  These call for the preparation and pile 
irradiation of special target materials. Phosphorus 32, a widely used 
radioisotope, can be produced by both methods and may be used t o  
illustrate. 

I n  the production of phosphorus 32 by ‘‘neutron capture,” method 
(2), phosphorus 31, contained in phosphate, is put into aluminum cans 
which are setr in holes in a graphite block and pushed into the center of 
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the pile. Each atom of the stable element phosphorus 31 that captures 
eutron becomes phosphorus 32. But, not enough neutrons are a n  in 4410~ flux7’ piles to convert more than a small proportion of 
phosphorus atoms to the radioactive state. Hence the phosphorus 

.3 is still much diluted with phosphorus 31, and the treated phosphate 

I n  practice, therefore, phosphorus 32 is usually produced by method 
(3) ,  i*transniutation.” This process starts with a target element dif- 
ferent fronl the element of which an isotope is desired. Sulfur is the 

uet for the production of phosphorus 33. Bombardment by neu- 
trans in the pile changes the electrical charge of the nuclei of some 
of the  sulfur atoms, and thus transmutes them into phosphorus 32. 
nThell the sample has been removed from the pile, the radioactive 
phosphorus can be chemical1 separated from the target sulfur. Phos- 
pllorus 32 in a very pure Lrm,  high in radioactivity, can thus be Unf ortunate1-f many iinportant radioisotopes-those of 
calcium, iron, and zinc, for  instance-cannot effectively be made by 
traIlsmutation. They can be produced only by neutron capture, and 
this, as stated above, gives a product low in radioactivity. When a 
ile of higher neutron flux becomes available? it will be possible to 

From the preparation of the target material to the final shipment 
produce radioisotopes of greater usefulness for research. I 

i of the product, the production of radioisotopes demands skilled per- 
8 sonnel and special equipment. When the ile is shut down for the 

niust knov precisely his assignment in the operation and carry it out 
quickly and without error. Geiger counters and other radiation detec- 
tion equipment must be used constantly to check the radiation present, 
In subsequent chemical treatment of materials, the work must be 
carried on behind lead shields, the workers using tongs and mirrors 
to avoid exposure. Many chemical operations are conducted inside 
a “hot lab,” a room with thick concrete walls in which apparatus is 
manipulated from outside by remote control devices, the chemist 
TieKing his work through periscopes. Each radioisotope, moreover, 
is a separate production problem, involving its own combination of 
requirements-f or target material, irradiation time, chemical treat- 
ment, safety precautions, and the rigid time limits associated with its 
inflexible half-life. 
Routine Production. 

By late 1947, the increased supply of radioisotopes permitted liberal 
allocations for  research in all fields. This present situation is the result 
of an intensive derelopment effort on the part  of the contractors 
operating the Oak Ridge pile, the Monsanto Chemical Company from 
mid-1945 t ~ n d  the Carbide and Carbon Chemicals Corporation after 
January 1948. They have achieved the routine production of the regu- 
larly used radioisotopes. The processes of pile irradiation, chemical 
separation, testing, handling, and shipment have been t&en over by 
trained laboratory workers, learing the research scientists who d e  
reloped the procedures free to concentrate on the harder-to-produce 
isotoPes alld the other problems associated with wider and safer utili- 
zation of radiomaterials. 

The routine production of radioisotopes has been made possible by 
the rigorous training of the laboratory technicians who do the work 

highly radioactive. 
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and by the development of very precise operating procedures and much 
specialized equipment. 

The demand for isotopes is increasing steadily. The experimental 
reactors already planned and under construction in the Commission’s 
program assure adequate pile capacity. Increased production will call 
for expanded facilities for separation and processing and a larger staff 
of trained laboratory personnel. 
Shipment of Ra&o&otopes 

The half-life of sodium 24, a radioisotope rridely used for medical 
research and diagnosis, is 14 hours 48 minutes; within that time, half 
of its atoms will have transmuted themselves into a stable isotope of 
magnesium and half of the radioactivity will have been dissipated; in 
29 hours 36 minutes three-quarters of the radiosodium will be gone, 
Potassium 42, also widely used, has a similar half-life. Shipments of 
such isotopes must be scheduled in advance with airlines and other 
carriers and customers notified of the hour of delivery. 

The penetrating radiation from many radioisotopes is the other 
important factor governing shipping procedures. Radioisotopes dis- 
tributed from Oak Ridge are shipped by common carrier-by airline, 
railroad, and truck-in specially constructed containers, which range 
in weight from less than a pound to a ton, depending u on the thick- 
ness of lead shielding required to stop the radiation. !kadioisotopes 
such as carbon 14, phosphorus 32, and sulfur 35, can be packed in light 
containers. Sodium 24, cobalt 60, and iodine 131, on the other hand, re- 
quire hea containers, the average weighing between 100 and 150 
pounds. ?!he latter type of radioisotope, in its glass or aluminum 
can, is placed in a steel container surrounded by a lead shield which is 
supported firmly inside a strong wooden box. After packing, the box 
is checked with a sensitive detection instrument, and if radiation 
reaching the outside is still above completely safe limits, the consign- 
ment is repacked with a thicker shield. 
Production of Isotope-Labeled C o m p d s  

Nearly all tracer research work starts with incorporating the radio- 
isotopes into the chemical compounds which naturally take part in 
the processes being studied. Biologists studying the formation of 
proteins in the body, for example, need to be able to follow the trans- 
formations of glycine, one of the important body acids. They there- 
fore need samples of glycine into which radiocarbon has been incor- 
porated. Scientists in Commission laboratories have been develop- 
ing methods of making such tagged compounds ever since pile-pro- 
duced isotopes became available, and the Commission is now prepar- 
ing to produce for  distribution in the United States a large variety of 
compounds tagged with carbon 14 (see Appendix 2). These will speed 
tracer research in hundreds of laboratories, where workers would 
find it expensive and often impossible to make such compounds for 
themselves. The Commission will continue to supply tagged com- 
pounds until this service is developed by private firms. Some of these 
are already in production. As rapidlv as commercial sources are 
expanded, the Commission mill be abl; to withdraw from the field 
(see Business in Isotopes, page 35.) 
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STABLZ ISOTOPES 

Although stable isotopes are not literally manufactured by man, but 
rather separated from their brother atoms in natural elements, the 
history of their production closely parallels that of the radioactive 
isotopes. Attempts to separate stable isotopes began shortly after the 
,oturally occurring radioisotopes were first observed ; in fact, these 

were greatly stimulated by evidence offered by radioact i~ty 
that such things as isotopes existed. Identification and production of 
both types of isotopes proceeded over a period of nearly 40 years until 
be wartime development of atomic energy made its great contribution 

the production and the utilization of both. 
In  1912, the same year in which radium-D was shown to be a kind 

of lead, work with newly developed vacuum tubes furnished strong 
evidence that there existed two varieties of the stable element neon. 
But for many years scientists failed in their efforts to separate them, 

the only difference between the two kinds of neon lay in their 
weight and amounted to less than 10 percent. I n  the meantime, how- 
ever, the development of the instrument known as the mass spectrom- 
eter made it possible to observe isotopes, and b 1935 the important 
stable isotopes of all elements had been ident i f iez 

The first success obtained in the actual separation of stable iso- 
topes--or more exactly the preparation of a sample of an element en- 
riched in one of its isotopes-came in 1930 when “heavy water” (water 
containing hydrogen enriched in the rare hydrogen 2 isoto ) was 
produced by distillation. Almost immediately this “ t a g g e g  water 
was put to use in biolo&al and physical tracer experiments-as were 

also successfully prepared during the 1930s. 
Electromagnetic Separation 

But prewar techniques for the concentration and separation of stable 
isotopes were impracticable for most elements, and the largest samples 
of pure separated isotopes obtained were in the range of a millionth of 
B gram. The war revolutionized this situation. One major effork in 
the manufacture of the atomic bomb was an isotope separation proj- 
ect, for the extraction from naturally occurring uranium of the fission- 
able isotope uranium 235, which is only about one part in 140 of the 
natural element. At one of the three plants built to do this ob-the 
electromagnetic separation plant a t  Oak Ridge-a few of t I, e giant 
magnets not now needed for uranium separation have been put to work 
manufacturing stable isotopes for research, in quantities millions of 
times greater than were ever obtainable before. 

As a result of two years of developmental work by its contractors- 
the Tennessee Eastnian Company and later the Carbide and Carbon 
Chemicals Co oration-the Commission was able to announce late in 

isotopes of 29 elements. Also, stable isotopes of five other elements 
PTduced by other methods are available, three from Commission fa- 
cllities and two from commercial firms. 

the enriched samples o P nitrogen, carbon, sulfur, oxygen, and chlorine 

1947 the availa I% ility of over 100 electromagnetically separated stable 
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DISWXETJTION OF ISOTOPES pTocureTl 
The pl 

costs and 
merit an( The program for the distribution of pile-produced isotopes was the 

formulated with the assistance of the best scientific advice obtainable the prese 
in the Kation. Early in 1946, a t  the request of the Manhat'tan Project, radioisot 
the president of the National Academy of Sciences nominated a pane] sodium, 1 
of distinguished scientists from which an interim Advisory Commit. research. 
tee on Isotope Distribution Policy was formed with two members At pre 
experienced in each of the major fields of isotope application. This scribed i 
group was large1 responsible for establishing the policies that have Division 

an applic 
ties for  

guided the distri ution program since its inception. On January 1, 
1948, the interim committee was replaced by a permanent Advisory 
Committee on Isotope Distribution. - agree to 
The Advisory Committee on Isotope D i s t d h S o r t  reviewed 

Subcorn 
man of the new committee. Other members are : Human 

Dr. H. A. Barker, Unirersity of California. years of 
Dr. Henry Borsook, California Institute of Technology. and 1,70( 
Dr. Robley D. Evans, Massachusetts Institute of Technology. By thf 
Dr. Hymer L. Friedell, Lakeside Hospital, Western Reserve isotopes University. sioii in 3 
Dr. J. G. Hamilton, University of California. Hawaii 
Dr. Joseph W. Kennedy, Washington University, St. Louis. medical 

industri: 
institutic 
rnents ar 

Dr. Robert F. Mehl, Carnegie Institute of Technology. 

Foreign 
r I n  Sei 

eign dis 
isotopes 

Dr. Paul C. Aebersold, Chief, Isotopes Division, AEC, Oak 
Ridge. 

Dr. Austin M. Brues, Argonne National Laboratory, AEC, 
Chicago. 

DF. A. H. Holland, Jr., ,4EC, Oak Ridge. 
Dr. L. N. Nims, Brookhaven National Laboratory, AEC, Long 

Island. biology 
Two subcommittees were formed : A Subcommittee on General 1 aborato Applications-Drs. Kennedy, Nims, Mehl, Brues, Evans, Barker, and i Commisr 

Borsook-and a Subcommittee on Human Applications-Drs. Failla, ' the isoto 
Friedell, Hamilton, and Holland. Dr. Aebersold serves as secretary 
to the Committee and its Subcommittees and as liaison representative freely o 

19 natio of the AEC. 
Originally, radioisotopes were allocated in the f ollowin order of tralia, 1 

priority : ( 1) for publishable research in the fundament3 sciences, Net her1 8 
including human tracer applications, requiring relatively small land, Tu 
human beings and publishable research in the fundamental sciences land-h; 
requiring larger samples; (3)  for training and education by accredited 
institutions in the techniques and applications of radioisotopes ; and 
(4) for publishable research in the applied sciences, including indus- 
trial research. Now, hovrever, production has increased to the point 
where it is not necessary to apply priorities to the distribution of the 
more important isotopes. Radioisotopes are made available to in- ' 
dividuals only through institutions that have the personnel and equip- 
ment to handle them usefully and safely. Secondary distribution is 
not permitted without specific authorization. 

4 RADIOISOTOPES 
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Dr. 0. Failla, of the Columbia University Medical School, is Chair- 
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ppo,curem.ent Procedure 
The prices charged for radioisotopes cover only direct production 

costs and not the cost of amortizing the investnient in laboratory equip- 
ment and nuclear reactors, which have other important functions in 
the Commission’s research and development prograni. Consequently, 
the present pricing policy results in a subsidy of the research in which 
radioisotopes are used. Furthermore, three radioisotopes-those of 
sodium, phosphorus, and iodine-are being distributed free for cancer 
research. 

At present 100 kinds of available radioisotopes are listed and de- 
scribed in the AEC Catalogue end Price List issued by the Isotopes 
DiTision (see list, Appendix 2). New prospective purchasers submit 
an application describing the research they propose and their facili- 
ties for radiation measurement and health safety monitoring, and 
agee to publish the results of their investigations. Applications are 
reviewed by scientists in the Isotopes Division and if necessary by the 
subcommittee on General Applications and by the Subcommittee on 
Human ,4pplications when such use is contemplated. In the two 
years of the project’s operation 1,742 applications have been received 
and 1,700 approved. 

By the end of June 1948, 3,136 shipments of pile-produced radio- 
isotopes had been sent from Oak Ridge to users outside the Commis- 
sion in 33 states of the United States, the District of Columbia, and 
Hawaii (see Appendix 4). The recipients vere 236 institutions : 54 
medical organizations and hospitals, 111 educational institutions, 53 
industrial organizations, and 18 public and private nonprofit research 
institutions. Within these institutions more than 385 different depart- 
ments are using radioisotopes. 
Foreign Distribution 

In  September 1947 the President announced the program of for- 
eign distribution of isotopes by the Commission. Now, 29 radio- 
isotopes of 20 elements important for general research, especially in 
biology and medicine, are available in limited quantities to foreign 
laboratories. The recipients agree to report semiannually to the 
Commission on results obtained and to publish their results; to use 
the isotopes only for purposes stated in the original requests; and to 
permit ualified scientists of all nations to visit their institutions and 

19 nations had qualified to receive radioisotopes : Argentina, Aus- 
tralia, Belgium, Canada, Cuba, Denmark, France, Ireland, Italy, 
Ketherlands, New Zealand, Norwnp, Peru, Spain, Sweden, Switzer- 
land, Turkey, Union of South Africa, and the United Kingdom; and 
15 of these nations-all except Cuba, France, Ireland, and New Zea- 
land-had already received 159 shipments. 

freely o % tain information about the work. By the end of June 1948, 

STABLE ISOTOPES 

Five stable isotopes can now be produced by physico-chemical 
methods and therefore are available in relatively liberal supply. Hy- 
drogen 2 (deuterium), boron 10, and oxygen 18 are obtainable 
through the AEC Isotopes Division a t  Oak Ridge. By the end of 
June 1948. 325 shipments had been made to 107 institutions. Carbon 
13 and nitrogen 15 are available from the Eastman Kodak Co., 



UNITED STATES ATOMIC ENERGY COMMISSION 16 

Rochester, K. Y. The Sun Oil Company of Marcus Hook, Pa., has 
announced its intention of supplying carbon 13 and oxygen 18. 

More than 100 varieties of stable isotopes of 29 elemints that must 
be electromagnetically separated are also available, but in limited 

8 a k  Ridge on January 21, 1948; and between that day and the end 
of June, 37 shipments were sent to 12 institutions in the United States, 
At  present, these isotopes are furnished to laboratories only on a loan 
basis, to be returned when the investigator has completed his research. 
I n  this way a L4pool” of stable isotopes will be built up at  Oak Ridge 
to supply the increasing demands of the future. 

f 

9 
uantities, from the AEC Isotopes Division. The first shipment left 1 

USES OF ISOTOPES 
The services that isotopes are capable of performing for science, 

medicine, agriculture, and industry are so fundamental that no com- 
plete inventory will ever be made of their potential uses. As for 
their actual uses, the number of individual projects-most of which 
could not be undertaken in any other way-is more than 1,000. At 
least 600 papers on isotope utilization have been published in scien- 
tific journals since the war, and various aspects of the subject have 
been discussed in a t  least 20 symposia (see Bibliography, Appendix 5 ) .  

FIELDS OF -ATION 

The types of problems being tackled with radioisotopes are as 
varied as the interests and imaginations of the investigators. A list 
of the fields in which they fall would include : agriculture, agronomy, 
animal husbandry, animal physiology and pathology, bacteriology, 
biochemistry, biology, chemistry, dentistry, entomology, horticulture, 
industrial engineering and hygiene, medicme, metallur , petroleum 
en neering, pharmacology, plant physiology and patho gY ogy, physics, 
ra 8 iology , soil science, surgery, toxicology, veterinary medicine, and 

from Oak Ri c r  ge are classified roughly into eight fields of investiga- 

zoology. 
The uses of ile-produced radioisotopes which have been distributed 

tion : 
Field 

Number o t  Projects 
June 1, 1966 to June SO, 1 9 4 8  

Total ____________________----------------,-----_---------- 1,010 
Medical research (which is the bulk of the animal physiology group) 

and medical therapy account for more than 40 percent of all uses. T h e  
same proportion holds true in the representative reports of projects 
contained in Appendix 1. These reports have been arranged in five 
poups  : Biological and Medical Research ( 116 reports), Medical 
Diagnosis and Therapy (42 reports), Agricultural Research (29 re- 
ports), Industrial Research and Metallurgy (22 reports), and Chemi- 
cal and Physical Research (85 reports). 
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Beginning on page 18 there appear brief summations of the projects 
orted in these fields. rep 

PROBLEXS O F  UTILIZATION 

In the future tracer isotopes will become routine laboratov tools, 
and obtained Kith them will no more be put into a separate 
category and discussed in special papers than are those using micro- 
scopes and spectroscopes today. For the time being, however? there 
is an acute need for wide discussion and dissemination of information 
%bout the isotope technique for its own sake. There is a severe shortage 
throughout the scientific world of the men able to use them effectively 
and safely. 
Effective Results 

TO get effective results with isotopes, the psysiologist or the chemist 
will use them to supplement his existin array of scient& methods. 

of molecules, radioactive tracers can multiply the investigator’s power 
of perception a thousand or even a million fold. But they are not 
usually shortcuts to results. Typically, they supplement rather than 

existing research methods and demand that laboratory 
workers acquire new skills and new knowledge. Whole notebooks 
full of useless data are not uncommon in pioneer isotope laboratories. 
Careful advance planning of experiments is essential if radiation 
instruments are ,to provide trustworthy results, and the correct 
interpretation of data demands some grounding in nuclear physics 
and electronics. 
iccafe Hadl ing  

The safe handlin of radioisotopes necessitates new laboratory de- 

to avoid contamination of other areas ; constructed with provisions 
for shielding, ventilation, and extreme cleanliness ; and equipped with 
special implements for handling radioactive materials and mith in- 
struments for measuring contamination of equipment and exposure of 
Forkem. Laboratory personnel must develop new habits-f or han- 
dling materials, surveying for contamination, changing of clothing, 
decontaminating equipment, and disposing of wastes. Safety, how- 
ever, demands more than equipment and routine. Each operation 
and each experiment must be evaluated individually. Genuine under- 
standing of the nature of radioactivity and its effects on living tissue 
is essential. 

In  a,ny problem involving the transfer o B atoms or the transformation 

s i p s  and new wor f - routines. Laboratories must be planned so as 

SERVICES TO ISOTOPE USERS 

A substantial body of knowledge concerning the handling of radio- 
activity is already in existence as the result of 50 years’ use of radium 
and X-rays and the intensive wartime experience with nuclear energy. 
Experimental techniques with radioisotopes have been under develop- 
ment for a period of 15 years. Today, both the uses of isotopes and 
the effects of radioactivitv on human bodies are being intensively 
studied (see page 32, UtiliGation of Isotopes in Commission Projects). 
The all-important instruments for  the detection and measurement 
of radiation are becomin available in greater quantity and improved 
desi@ as the result of t % e efforts of private industry (see page 35, 

h . ~ 
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Business in Isotopes). The effective and safe use of radioisotopes in 
a larger number of laboratories in the future calls, first, for wider use 
of the information and eqiiipment already at hand. 

The AEC Isotopes Division maintains an Advisory Field Service 
to assist prospective radioisotope users, particularly in the avoidance 
of radiation hazards. Members of thls group are trained in the 
application of isotope techniques to chemistry, biology, biochemistry, 
and engineering. The Division also distributes information circulars 
dealing with the problems of instrumentation, shielding, radiochem- 
istry techniques, and eneral safety precautions, The National Corn- 

a valuable pamphlet on “Safe Handling of Radioisotopes.” 
mittee on Radiation I? rotection has recently sponsored preparation of 

EDUCATION AND TRaIKINa 

i 
1 

But a radioisotope laboratory cannot be set up and operated on 
the basis of advice and pamphlets. At  least one technician with gen- 
eral training in isotope applications and a grounding in nuclear ph sics 

new techniques has resulted f rorn teamwork between physicists and 
other scientists. For  the future, there is an acute need for scientific 
workers whose training enables them to brid e the gap between physics 

the Be men in the development of isotope laboratories. 
Sucg workers are rare today ; but training opportunities are rapidly 

being made available. Educational programs in nuclear physics are 
under way at  all three of the AEC national laboratories-at Argonne 
in Chicago, Brookhaven on Long Island, and a t  Oak Ridge, Ten- 
nessee-with 58 associated educational institutions participating in this 
work. Recently the Commission announced the award of research 
fellowships in 24 institutions, where students already well grounded 
in biolo ical and physical sciences will receive advanced training in 

University of Chicago ; Iowa State College ; Washington University, 
St. Louis; and the University of Wisconsin are already offering 
courses in radioactivity techniques as part of their regular curricula. 

There is no shortage of scientific talent eager to take advantage of 
these opportunities. At  the Oak Ridge Institute of Nuclear Studies, in 
which 19 southern universities cooperate, the recent announcement of 
a series of courses in radioisotope applications attracted three times as 
many qualified applicants as could be accepted. 

The Nation has a double stake in the accelerated training of isotope 
technicians that is getting under way today. It will benefit not only 
from the resultin research contributions to the general health and 

deal with the problems of an atomic age. 

and electronics is essential. To  date, the most effective use o 9 the 

and other fields-whose breadth of knowle 5 ge equips them to act as 

fields re P ated to atomic energy. The University of California; the 

welfare but also B rom the increased number of citizens prepared to  

0 

UnrirzamoN-BroLoGrcaL AND MEDICAL RESEARCH 
I n  a resolution adopted at a recent meeting, the Commission’s Ad- 

visory Committee on Biology,and Medicine stated that the availability 
of radioisotopes i s  contri6utzng more than avny other factor today to 
the aduancement of medicine and biology. 

The most fundamental contribution is a clearer picture of how the 
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l i ~ n g  body works. Physiologists Dnce vieTed the human body as 
being somewhat akin to a combustion engine. They thought of the 
body as a relatively inert structural system in which food was used 
to supply energy and repair worn or damaged parts. Recent genera- 
tions of medical men have suspected that this view was false. But  not 
until investigators were supplied with isotopes as a tool during the 

ast two decades, did they learn how extremely far from fact it was. P 
DYNAMIC UTE PROCESSES 

Tracing life processes by the use of stable and radioactive isotopes, 
ve now have learned that all components of the body-the muscles, 
bones, and teeth as well as the blood, secretions, and food stores-are 
in a constant state of breakin down and renewal. The multitude of 

rapid chemical reactions, many of them reversible. Those not serving 
at any given moment as part of the fixed structure, and not excreted 
from the body, are combined into a metabolic “pool” of life ingredients 
available for use anywhere in the body. 

The most surprising fact revealed has been the extreme rapidity 
with which life processes take place. Experiments with radiosodium 
provide a measure of their speed. By “tagging” salt (sodium chlo- 
ride) with sodium 24 and injecting it into the human body, investi- 
gators have found that salt is diffused through the malls of the veins, 
transported to the sweat glands, converted into sweat, and carried 
to the surface of the body, all in less than one minute’s time. Again, 
it has been discovered that the transfer of fluid in and out of the 
human veins is so rapid and continuous that it carries back and forth 
Kith it 50 pounds of salt, on the average, every day. 

Rapid as they are, however, the biochemical reactions which build 
up and break down living tissue are so delicately regulated that every 
part maintains its characteristic form and composition, every fluid 
its particular chemical make-up; and the total volume of all bodily 
ingredients remains constant. Although metabolic changes are con- 
tinuous everywhere, the parts of the body, in health, always appear 
the same. Hence the classic concept of the body as a mechanical 
engine. 

A modern tracer investigator has compared the body, instead, to 
a military regiment, which retains its size, form, and composition while 
the individuals of which it is composed are continually changing : 
joining up, being transferred from post to post, promoted, or demoted; 
acting as reserves; and h a l l y  departing after varying lengths of 
service. 

Since the treatment of illness must be based upon an understanding 
of the normal functioning of the body, the medical implications of 
the new concept of the “dynamic state of body constituents” are noth- 
ing less than reyolutionary. Fundamental changes in medical science 
are certain to result from research with isotopes. But isotopes assist 
the medical research scientist and the physician in more immediate 
W s  as well. They are the most powerful and searching laboratory 
tools yet devised for the investigation of the functioning and mal- 
functioning of particular organs; for studying the action of vitamins, 
hormones, enzymes, and other biochemical substances ; and for testing 

life compounds involved in t % is process go through continuous and 



20 UNITED STATES ATOMIC ENERGY COMMISSION 

the efficiency of many kinds of treatments. Furthermore, they are of 
practical assistance in hospitals for diagnosis and therapy. 

KIXDS OF TRACER RESEBRCH 

Virtually no observation vas  possible of the mechanisms, reactions, 
and pathways of elements and compounds in the body before isotopes 
were available to trace them. The hundreds of different life mate- 
rials-those built into the structural parts and those in the metabolic 
"pool"-are indistinguishable as to  origin. The almost limitless v a ~ a .  
tions of the basic carbohydrates, fats. and proteins me formed out of 
relatively few source elements in the diet-carbon, nitrogen, hydrogen, 
oxygen, phosphorus, sulfur, mid iodine. Long before isotopes mere 
available, biologists had attempted to trace some of these elements bp 
labeling them with benzine derivatives, dyes, and other identifiable 
materials, but the very abnormality of the substances used upset the 
delicate processes being studied and theref ore produced confusing 
results. 

Today isotopes provide labels for all the fundamental life el+ 
ments-labels which the body cannot distinguish from the norma] 
material. Biologists have already used them to trace such a variety 
of bodil ingredients as : alcohols, amino acids, antigens, bacteria, bile 
acids, b 9 ood cells, carbohydrates, carcinogens, enzymes, fats, fatty 
acids, hormones, insulin, nucleic acids, penicillin, pharmaceutical 
agents, proteins, starches, sulfa drugs, tissue fluids and salts, viruses, 
and vitamins. 

So small are the quantities of radioisotopes required for tracer 
experimeiits that most of them can safely be employed in normal 
human bodies. Calcium 45 and strontium 89 and 90, because they have 
long half -lives and tend to remain in the body, are a t  present important 
exceptions. 

Isotopic tracers permit two kinds of biological analysis : Wli ta t ive ,  
in which B particular element introduced into an experimental animal, 
and sometimes a human subject, may be followed wherever it goes, 
whatever chemical form it takes, and gwzntitative, in which the 
amount of the tagged element in a tissue or fluid may be measured with 
unprecedented delicacy. When these two methods are combined, for- 
merly insoluble biological problems, such as the rate of turnover of 
nutrient materials in different kinds of cells, may be successfully 
tackled. 

TRBCER PROJECT8 

Oak Ridge isotopes are being used in a t  least 450 separate biological 
and medical research projects in the United States. Appendix 1 con- 
tains excerpts from more than 100 reports of such projects and pro- 
vides a good view of the character and scope of the work under way. 
Qualitative Analysis 

It is difficult to envisage all the research possibilities that are opened 
up by the ower to trace fundamental elements in living bodies. In 

effects of the elements themselves. Thus, the University of Rochester, 
the Massachusetts Institute of Technolo y, and the Mehar3  Medical 

learn more about the mechanism of iron absorption in red blood 

the first p 7 ace, biologists need to know much about the metabolic 

College of Nashville, Tenn., for examp f e, report using-ra ioiron to 
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nomal and anemic conditions. The Carnegie Institution of @zhington, the Massachusetts Institute of Technology, Yale Univer- 
fl Harvard University, and a number of other institutions are using 
5 i t ~ .  mdiocalcium to study bone and tooth formation and the calcium con- 
tent of muscles. Johns Hopkins University is comparing the phos- 
plmrus upt k Being able to trace the elements, scientists now are able to trace the 

of which these elements are a part, to follow them through 
m8ny changes wrought by the body processes, to discover changes 

sod pre~ously unknown-in short, to learn the precise func- of this of in the body. The University of Chicago, Harvard, 
and 3%. 1. T. report such investigations with the fatty acids; the Uni- 
FmitY of California, Cornel1 University, and the Rhsachusetts Gen- 
eral Hospital, with proteins. New York University reports the dis- 
co=KY of a previously unknown kind of acid important in d l  
mehbolism. 

Isoto ic labeling also permits observation of the action upon the 
body P foreign materials-anesthetics, artificial vitamins, toxic corn- 

and drugs. The Mayo Clinic, for example, is using radio- 
$% horns to study the mechanism of the anesthetic, pentothal. 
w&gton University, St. Louis, and the University of Gncinnati 
Bm using carbon 14 to observe the action of carcinogenic (cancer 
f o d g )  compounds. The University of Chicago is preparing drugs 
mnbinzq radioactive carbon such as di 'talis, morphine, codeine, 
scotine, and ntrophhe for tracer researcf The Chicago scientists 

which produce these drugs, thus making the plants and t B" eir to products 
accomplish thls by feeding radioactive carbon dioxide 

mdioactive. 
By tracing elements and compoundsl biologists are using radio- 

isotopes to learn more about the functionmg of every im ortant b d s y  
orpn. The respiratory system is being studied at Ii arvard with 
mdioargpn; the flow of mater from the eye, also a t  Harvard, with 
radioio me; the utilization of lucose by diabetic animals at Presby- 
terian Hospital in Chicago wit! carbon 14; the functionin of 
at the University of Illinois with radiopotassium; and t f e thyroid 
gland a t  a Score of places with radioiodine. The Institution 
of Washington reports using radioiron in experiments with 
Pip to solve the problem Of how red blood cells are transferred from 
the mother to  the fetus. 

e of normal and damaged nerve tissues in nmscles. 

A number of universities and medical institutions are usin radio- 

ailinity for different kinds of cancer tissue. I f  they are successful, 
they will have developed a powerful tool for diagnosis and treatment 
of cancer. Several researchers are using radioisotopes to find out 
what body substances are necessary to the growth of malignant tissues. 

'If they can identify these, they may be able to starve cmcBrs by 
Rithholding the essentials of their growth. 

active iodine, sulfur, and carbon to find compounds that a ave an 
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Quantitative Analysis 

Il Tracer isotopes offer the biologist more than a method of follow- 
oli hg the movement of materials; they also help him to measure quanti- 
,ter i ties of material that would be difficult or impossible to measure with 
ica L other tool. 
I t  when an investigator injects into the blood stream a sample of 
O d  heavy water" containing stable hydrogen 2 (deuterium) or a sample # a  

i 
t 
I 
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of radioactive sodium, the isotope will become evenly mixed with all 
of the aqueous fluids of the body. Then, if a single sample of fluid 
is removed, the investigator can easily calculate from the amount 
of dilution of the tracer the total volume of fluid with which it has 
been mixed. The amount of blood in the human body has been de. 
termined with new accuracy in recent years with deuterium. 

Today, work of this veneral kind is being done in many laboratories 
and hospitals. New york University reports progess on special 
problems concerning the connection between the volume of water in 
the body and deficiency of proteins f o r  normal health and p o M h ,  
Harvard is working with radioactive potassium to determine the total 
amount of otassium in the normal body, the amount lost in cancer 

both the University of Virginia Medical College and Tulane Univer- 
sity, radiophosphorus is being used for the measurement of the total 
volume of red blood cells, in a study of blood losses and blood needs of 
surgical patients. 

4 

1 
, 

: 

and other if iseases, and the amount necessary to restore health. At 
f 

= 

Combimd Qualitative and Quantitative Alu~ZysiS 
Combining the powers of radioisotopes both to trace the movement 

of materials in the living body and to measure their quantities, the 
biologist finds he has a new way of gettin at the most subtle and 
fundamental facts about life processes. d can put simple tagged 
molecules into the body fluid and then by taking samples of tissue 
from various parts of the body find and compare the rates at which 
those molecules have been incorporated into the tissue. This is a 
rather complicated way of saying that he can find the rates at which 
the cells renew themselves. He can likewise determine accurately 
the rates of functioning of the body organs. Such observations, be- 
ing made toda by scores of scientific teams in the United States and 

processes of life. 
abroad, are bui 9 ding up, bit by bit, a new understanding of the dynamic 

UTILIZATION-MEDICAL DIAGNOSIS AND TREATMENT 
Almost from the time of their discovery, radioactive materials have f 

been used externally for treatment of disease. When ex erimenters i ' found that radiation destroyed normal tissue, it was a ~ogical step . 
to use it to destroy cancerous and other abnormal tissue growths. The I 

first case notes on the use of radium in medical treatment were pub- 
lished in 1904. The naturally radioactive isotopes of thorium, radium, ! 
and their deca products, plus the therapeutic X-ray machine, had 

the artificial production of the other ra ioisotopes began in 1934. 
Investigators saw in the radioisotopes that enter into life processes, 

such as iodine and phosphorus, a new possibility: that they might 
apply  radiations much more precisely to dimmed tissue in intend 
parts of the body that previously could n o t  be reached. Furthermore, 
as tracers, radioisotopes could be used to  find out whether this actually 
was possible. By the late 1930s their usefulness had been demo* 
strated. 

Today 80 hospitals and clinics have received shipments of pile-pro- 
duced radioisotopes of iodine, phosphorus, and gold for therapy and 

fi been standard K ospital equipment for a eneration and longer, when ! 
i 
f 
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# a of a wider variety for use in medical diagnosis. 
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TRACER APPLICATIOP*'S-DIAGNOGIS 

In ~lospitals today, physicians are using radioisotopes to diagnose 
circulatory disorders, to locate malignant tumors, to  meas- 

ufe how sick thyroid glands are functioning, to find out how much 
iroIl the red blood cells of aneniic patients can take up, and to diag- 
nose various unhealthy internal bodv changes that they could not 
identify without the radioactive tracirs to follow and report on the 
Dovernellt of materials in the body. For example, by injecting a 

ed salt solution into a patientk leg the physician, equipped with B&g his detection instrument, can quickly tell if circulation is abnormal 
by tile rate at which radiosodium is concentrated in the foot. The 
university of California Medical School reports diagnosing in this 
vav more than 200 cases of 19 different types of disorders in the cir- 
cuhtion in the hands and feet. The diagnoses have been so reliable 
that they are used to determine whether or not it is necessary to ampu- 
tate, and where to make the severance if it is necessary. 
LoC&&ng Tumors 

Some malignant, abnormally growing tissues absorb certain ele- 
ments in the body, such as phosphorus and iodine, faster than normal ; 
obem absorb certain elements more slowly than normal. Cancer 
specialists are taking advantage of this fact and usinaradioisotopes 
to help locate tumors. The University of California edical School 
and the Cook County Hospital, Chicago, are using radiophosphorus 
to locate cancer in the breast ; the radiations enable diagnosticians 
to distinguish between benign and malignant growths, since the latter 
take up phosphorus at a slightly greater rate. The University of 
Rfinnesota Medical School uses a radioiodine compound to determine 
the location of brain tumors as 5~ preparation for operation and re- 
ports the tracer technique as being more accurate and reliable than 
other methods. Nine institutions note that they are using radioiodiue 
in the diagnosis of thyroid cancer and the location of metastases- 
the deposits of the thyroid cancer tissue in various parts of the body, 
sometimes far removed from the parent growth. Often, when the 
physician needs a detailed examination, he resorts to autoradiography : 
a section of tissue is surgically removed and the concentrations of 
radioactive material in it are made to take their own pictures on 
photographic film. 

Massachusetts Memorial Hospital, Meharry Medical College: and 
the University of Minnesota Hospitals all report the use of radio- 
active iron to determine how much of this element is taken up by 
red blood cells in cases of anemia. 
Thyroid Ailments 

Radioisotopes have been used longest and most widely to find 
whether the thyroid gland is more or less active than normal. Early 
diagnosis of thyroid diseases had always been difficult for physicians, 
but now radioiodine is solving the problem. The thyroid gland picks 
up and utilizes nearly all of the iodine in the human system : normally 
about 80 times as much as any other tissue (a fact established in the 
late 1930s with radioiodine as a tracer). The rate of iodine pick-up 
is above normal in hyperthyroidism (overactivity) and below normal 
in hypothvroidism (underactivity) and diagnosticians with radia- 
tion-comting instruments can easily determine this rate in any in- 
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dividual after administration of a small and harmless dose of radio. 
iodine. Columbia University College of Physicians and Surgeons 
reports using the technique in about 350 cases to date (see Append& 
1). The Mayo Clinic is conducting extremely precise studies of the 
use of iodine in the body so as to  set up standards for diagnosing 
over- and underactivity of the thyroid; Johns Hopkins Hospital is 
developing tracer methods for the early diagnosis of cretinism, the 
underactive thyroid condition in children ; and Harvard’s Beth Israel 
Hospital reports extensive diagnostic work with iodine. All told, 48 
hospitals and clinics in the United States have received shipments 
of radioiodine from Oak Ridge. - 

&IDLATION APPLICATIONS-mEAmNT 

Very often today, radioiodine plays two parts in the fight on thyroid 
diseases. .It helps to diagnose the disorder. Then, if the trouble is 
overactivity, radioiodine is called upon as a source of radiation fop 
treatment. A dose of it taken by mouth is rapidly concentrated in 
the thyroid which, when overactive, receives 100 and more time 
as much radiation as any other tissue. In a score of the Nation’s 
leading medical institutions toxic goiter is being successfully treated 
with radioiodine. It appears to be of great value in treatment of 
patients who because of complicating factors are poor risks for sur- 
gical treatment. A dozen or more accounts in Appendix 1 testify to 
the effectiveness of this therapy. The Mayo Clinic, for instance, re- 
ports success in 80 percent of the cases treated. 

It seems at first glance that cancerous growths in the thyroid and 
their metastases throughout the body could be treated with the same 
pin-point precision by radioiodine. Unfortunately, though, results 
here have been less satisfying. The malignant thyroid tissue often 
does not pick up as much of the radioactive iodine as does the normal 
thyroid tissue. Therefore thyroid cancers cannot always be selec- 
tively destroyed by the bombardment of the radioiodine. 
deal of research is under way, and much of it is promising, particu arly 
attempts to use radioiodine in organic compounds which will be selec- 
tively absorbed by cancerous tissue. In  other studies, it has been dis- 
covered that by first using radioiodine or surgery to neutralize the 
activity of the thyroid gland it is possible to greatly increase the later 
absorption of radioiodine by the cancerous tissue. 

Experimenters found years ago that phosphorus when first taken 
into the system concentrates in the blood-producing centers-in the 
bone marror,  the spleen, and the lymph glands-though not so heavily 
as does iodine in the th roid gland. Nevertheless, this discove 

notably polycythemia, in which there is an over-production of red 
corpuscles, and leukemia, with an excess of white corpuscles. Today, 
many medical centers report radiotherapy to be the most satisfactory 
treatment for polycythemia (see Appendix 1). I n  leukemia, however, 
which is a cancerous condition, the same treatment has proved useful 
thus far only as a palliative measure. Still, although results obtained 
are generally no better than with X-ray therapy, radiophosphorus is 
often favored as a treatment for leukemia because of the greater ea* 
of administration and the absence of uncomfortable “radiation sick- 
ness” in the patient. 

But a great 

T9 has formed the basis for t K e treatment of certain blood abnorma ities 
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,.,$&ties of Cancer Treatment 
It IT ill be noted the two noncancerous conditions-hnerthyroidisrn 
d plycythemia-can be treated with radioiodine and radiophos- 

us, respectively, but that the same isotopes are much less effective 
$$e&:ing two cancerous conditions : thyroid cancer and leukemia. I ’Radioisotopes will become a major weapon against cancer when 

endable means are found to concentrate them in the malignant 
depue $is and thus selectively to destroy it. A nation-wide research effort 

solve this problem is now under way, and the Commission is dis- 
&uting radioisotopes of iodine, phosphorus, and sodium without 

e to institutions that are taking part. New lines of attack are &a enlng up in this researchthat  taken by the Massachusetts General 
z0@,al, for example, where radiocarbon is being incorporated into 
rotein compounds that are rapidly absorbed by morbid tissue in 

a p e  Timental animals, or that of the Sloan-Kettering Institute for 
Cancer Research, in New Pork City, where nature’s “antibodies” are 
r,;na used as carriers of radiomaterials. Antibodies are substances 

4 

t 
f 

WL**b - 

in the tissues which act in opposition to certain harmful foreign ma- 
terials such as toxins and bacteria. At the Sloan-Kettering Institute, 
,&bodies are extracted from the livers and kidneys of rats and mice, 
wgd with radioiodine, and reinjected into other rats and mice. They 

to the specific tissues which produced them, carrying with them 
strong doses of radioactivity. 

in the Oak Ridge pile, emits radiations very similar to those of radium. 
Radiocobalt can be made inexpensively and fabricated into special 
,pplicators, but before it comes into general use for cancer treatment, 
problems of applicator design, handling, and dosage, now under 
study, must be solved. 

Most of these investigations, however, are still within the area 
of fundamental research. Effective radiotherapy for cancer must wait 
upon a better understanding of basic bodily processes, and the same 
thing is true of all future applications of radiotherapy. Essentially 
the problem is to find molecules which will concentrate in specific 
diseased body tissues and then to tag these molecules with enough 
radioactive material to give effective radiations. Smaller quantities 
of radioisotopes serving as tracers can be used to test the ability of 
molecules to concentrate in malignant tissues. The attack by radio- 
isotopes upon disease will ususi!!~ follow the pattern already estab- 
lished in the cases of hyperthyr&dism and polycythemia: tracer re- 
search will come first ; then, possibly, radiotherapy. 

2 Other institutions are doing interestin 
with radiogold and radiocobalt. Metallic cobalt, when irradiate 

AGRICOLTTTR~L UTILIZATION-PLANT AXD AEIMAL PHYSIOWY 
More than half of the two billion people in today’s world do not get 

enough to eat, and population is growing at the rate of about 20 million 
a year. Food production is not increasing as fast as population. A 
prime need of mankind is a greater output of farm products. I n  
bringing this about, man’s oldest industry will be assisted by his new- 
est : gains in agricultural production will result from the development 
of stomic energy. 

True, research with isotopes has not as yet brought larger food 
yields; there has not been time. Before the war, isotopes were much 

79714&--4&-3 
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too scarce and too expensix-e to be applied in any large way to farni 
problems. Today, hoxever, the radioisotopes of a score of elements use- 
ful in plant and animal research, such as carbon, phospborus, sulfur ; 
calcium, and potassium, are plentiful and inexpensive. Radio! 
phosphorus, the most Kidel? used of these? is sold F. 0. B. Oak Rid 
at $1.10 per millicurie, and less than $100 worth is sufficient to suppfi 1 
an experiment station's program of fertilizer research for an elltire 
growing season. Stable isotopes of hydrogen, carboll, ilitro,qen, and 
oxygen are also relatively plentiful ; those of calciuni, iron, zinc, and 
molybdenum are available for extensive research for the first time. 

The agricultural research with radioisotopes in I947 raised more 
uestions that it answered, suggesting a multitude of new projectq 

%his multiplication of questions from season to season will inevit&G 
continue for many years. Toclay, in the micldle of the second summer 
of isotope availability, more than 70 separate research projects are 
being conducted in 26 Ainerican laboratories and agricultural experi. 
ment stations. 

TRACER STUDIES 

The fundamental question of agriculture is how plants grow: hoR 
green leaves, in the process of photosynthesis, manufacture carbo. 
hydrates out of sunlight and the carbon dioxide in the air; horn roots 
pick up minerals and organic matter from the soil; horn these many 
substances are distributed in and used by th; plant in its growth. The 
majority of such questions have gone unanswered because scientists 
had no means of observing the intricate processes and the tiny quan- 
tities of materials. But the tracer technique has changed this. To 
illustrate : using radioisotopes, plant scientists have been able to follow 
through the soil, into the rootlets, and to their final disposition h the 
plant, minerals such as zinc, copper, and manganese? all of which are 
available to the plants in amounts of less than an ounce per acre. 
Plant Growth 

In  all, 18 tracer studies are being made of the photosynthesis of 
sugars, starches, and other carbon compounds and of the numerous 
subsequent biochemical transformations the plant makes in these com- 
pounds during the process of growth. *4ppendis 1 contains reports 
on such work from the University of California? the University of 
Chicago, the Hawaiian Sugar Planters Association, the University 
of Texas, and the University of Washington. 

Such research in the life processes of plants is carried on for its o m  
sake. But some of the discoveries of the pure scientists in this field 
will eventually find use in the development of plant strains which ield 
more h e a d y  or produce more exactly the feed materials desire1 for 
better and faster growth of animals. For example, new knowledge 
about photosynthesis may enable scientists to derelop plant strains 
that produce more enera-rich substances in their early stages of { 
growth. This would be a boon to cattlemen. 

The farmer has an obvious and vital interest in the 40 current 
studies on hour plants use the minerals and organic compounds they 
draw from the soil. Appendix 1 gires some details of such investi- 
gations : with radiophosphorus by the Connecticut and Ohio Agricul 
tural Experiment Stations, radioiodine by the U. S. Department of 
Agriculture, radiocalcium by Cornell University, radiosulfur by Pup 
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due university, radiozinc by the Ohio Station, radiocobalt by the 
B,W@iian Sugar Planters ,4ssociation, and radioactive molybdenum, 
fanstdim, and columbium by the Universit of California. Rxdio- 

used in similar work. 
The men carrying on such work are using varied and imaginative 

tecllniques. At  the Connecticut Station, when radio-tagged phos- 
horns fed to corn plants was found concentrated in the oung kernels, 

esperirnents. Radioautography is widely used ; photographs made at 
the experiment station of the American Smelting and Refining Com- 
pan97 Salt Lake City, Utah, of the distribution of radiosulfur in a 
slice of tomato revealed not only the fact that the element was con- 
centrated in the seeds but also its chief areas of concentration inside the 

iron, chlorine, arsenic, potassium, an J rubidium are all being 

fbese .radioactive kernels were then used in poultry- 9 eeding tracer 

seeds9 
I n f m t i o n  About  Fertilizers 

Such work is certain to reveal how to get more plant growth-more 
food and feed-from the 15 million tons of fertilizers upon which the 
Merican farmer spends half a billion dollars every year. Already, 
3 field experiments conducted by the U. S. Department of Agriculture 
a d  State agricultural experiment stations and by the fertilizer in- 
dustr in all parts of the nation, radioisotopes are answering ve 
speeiL questions : such questions as where, when, and how plant foo s 
are most effectively applied to different crops ; what forms of fertilizer 
return the most in production; when and how the plant utilizes them; 
and how much expensive plant food is likely to go unused in today’s 
fertilizing methods. F o r  example, one study revealed that phos- 
phorus is used by corn mainly in the early stages of growth; another 
study found that potatoes use phosphorus throughout the growing 
gason; a third that the fertility of the soil influences phosphorus up- 
bke by cotton ; and still another that with certain crops the manner of 
applying phosphorus is of primary importance. The U. S. Depart- 
ment of Agriculture has found that phosphorus, when placed very 
close to seed potatoes, seems to slow up the growth of the plant, prob- 
ably because of injury to the young roots. 

? 

Diseases and Pests 
A t  least 12 current projects are aimed at  better understanding of 

how plant diseases and pests develop and attack crops and, conse- 
quently, how they can best be defeated. Applications of radioactive 
iron, phosphorus, and sulfur to the investigation of chlorosis, tobacco 
leaf disease, fungus, and bacteriological problems, and the behavior 
and control of harmful insects are noted in Appendix 1. Also, the 
effects of insecticides and fungicides, such as sulfur (250,000 tons used 
annually in the U. S.) and DDT, are being studied with the new 
techniques. 
Lhestock Stdies 

Efficient production of meat, milk, and eggs may be advanced in 
many ways by the new facts about animal growth and develo ment 

toward livestock production problems are being conducted a t  several 
locations today. The University of Wisconsin, for example, reports 
studies with the radioisotope of molybdenum, an element injurious to 

being supplied by isotopic tracers. Researches directed spec ii caUy 
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the health of animals when present in high concentrations in the soil 
The University of Florida is investigating the effect on the health 
farm animals of this element and of soil-carried cobalt, copper, and 
phosphorus as well. Purdue University is employing radioiodine in 
an attempt to find out why iodinated casein apparently speeds the 
fattening of animals. 1 

T: 

RADIATION APPLICATIONS 

Almost since the discovery of radioactivity at  the turn of the century, 
its effect on plant and animal growth has been the subject of study- 
Investigators soon discovered the harmful effects of high levels of 
radiation. They have found less evidence of beneficial effects. Ex. 
periments have indicated that small amounts of radiation may stirnu, 
late growth in some plants, but results in the main have been con- 
f€icting. I n  March 1948, the Commission and the U. s. Department 
of Agriculture jointly undertook a program of research to  investigate 
this question. 

All of the effects of radiations upon living things-including the 
genetic effects-may some day be important to the farmer. As one 
of its major responsibilities, the Commission has under way today an 
extensive program for the investigation of these problems. 

UTILIZATION-~NBU~~TRIAL RESEARCH AND METALLURGY 
Industry stands to benefit from the use of isotopes in several fields 

of research, particularly in fundamental chemistry ; and direct ap- 
plications to its own problems are potentially as broad and varied as 
the industrial structure itself. In comparison with the possibilities, 
today's applications are few and far  between. Extreme caution is 
called for in the development of many of the most promising services 
that radiations can perform, such as the treatment of materials or the 
automatic control of factory processes. However, more than 30 in- 
dustrial organizations are already using radioisotopes in research and 
development programs. Some idea of the scope and variety of the 
work can be obtained from the reports in Appendix 1. 
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"RACER BPPIXCATIONS i 

The powerful signals emitted by radioisotopes have been used to 
follow and measure a variety of industrially important substances 
otherwise untraceable, from the impurities in a batch of molten steel 
to the invisible coating on a wisp of thread. Manufacturers of steel, 
machinery, rubber, gasoline, oil, plastics, rayon, chemicals, drugs, and 
a rapidly growing list of other products are looking to these researches 
to bring better and more economical production. 
MetaJZurgy 

The entire field of metallurgy is certain to be greatly influenced by 
tracer investigations already under way on the structure, manuf ac- 
ture, alloying, durability, corrosion, and friction of metals. The In- 
dustrial Radiography Laboratory in Beaumont, Texas; Arthur D. 
Little, Inc. ; Massachusetts Institute of Technology ; Socony-Vacuum 
Oil Co. ; Stevens Institute of Technology ; and Westinghouse Electric 
Corporation-all report projects in this field; and the radioisotopes of 
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* pp, than a dozen elements are being used, including iron, calcium, soil. flo 
h 01 ),on, Sldfur, phosphorus, cobalt, silver, nickel, tungsten, copper, and 

I Car 
le in I me power of these new investigative tools makes them extremely 
the A tiny quantity of radiosulfur, for example, added to 24,198 1 oun& of mixed coal, enabled investigators to determine later what 

ortion of the sulfur impurities in the finished steel came from the 
what proportion from the iron. Radiophosphorus, added to a I molten batch of steel, joins with the phosphorus already present and 

thereafter, by its radiations, reveals the quantity of this impurity that 
remains in the mix at  various stages of processing. Radiocarbon, 

incorporated into iron during the coking process, provides investi- 
%tors with a method of studying the diffusion of carbon in iron, a mat- 

fer of pea t  importance in the subsequent manufacture of steel. Radio- 
irm, used in friction experiments, has been able to reveal the transfer 
of less than one hundred billionth of an ounce of metal from one 

been made radioactive in the Oak Ridge pile for use in these latter 
dtudies. 

Many of these metallurgical experiments take advantaee of the 
tecbIique of autoradio raphy, in which the precise distributlon of the 

fib to the sample being analyzed. 

and * zinc. 
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! p&trozeum I d w t r y  
.e:;; j 111 the petroleum industry, the uses of isotopic tracers, both actual 

md potential, range all the way from the surveying of the location and 
d as 4 uantitiies of raw materials underground to the testing of the final 
ties, product in operating engines. Radiocarbon, of course, is the most 
In is important isotope here; the Shell Oil Company and the California 

Research Corporation use it to follow the chan s through which crude Tices 
the 03 goes in modern cracking processes, and the exas Company, to study 

the process for manufacture of synthetic gasoline from coal and 
natural gas. A subsidiary of the Gulf Oil Corporation is using radio- 

the cobalt to determine the rate of settling of rust inl-ribitors and other 
substances added to lubricating oil ; and tho socohy-vacuum Company 
reports that radioiron makes possible friction measurements with a 
sensitivity of one part in ten million. 

In the study of oil fields, the availabilit of radioisotopes of such 
elements as iodine, chlorine, cobalt, and ca 9 cium is expected to result 

cq in new information about underground strata. Moreover, considera- 
tioh is being given to tracer explorations of underground stores of 
fuel; radioisotopes in batches of oil or as injected into a well, will be 
sought in samples from nei hboring we 9 Is, and the resulting informa- 
tion about the undergrounf routes in various parts of the field nlay 
make possible more efficient drilling procedures. 
Rubber and Rayon 

Similarly in other industries, tracer isotopes are throwing new light 
on fundamental problems. The way in which vulcanization and 

lperization processes operate in the manufacture of rubber are 
chg investigated-b the Goodyear Company, for instancawith 
&e radioisotope of su fur, the element that plays a primary but still 
largely mysterious role in these processes. The same isotope is solv- 
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ing a problem that has long made trouble in rayon manufacture, Where 
sulfur must be added at one stage of the process and later removed 
because it lessens the strength and durability of the final product. 
Previously, it was impossible to determine at  what stage of the proc. 
ess the sulfur had been eliminated ; now a bit of the radioisotope lnised 
with the sulfur in a test batch gives this information with extreme ac- 
curacy. Also in the rayon industry, the isotopic technique demon, 
strated its incredible delicacy when radiosodium succeeded in measur- 
ing accurately the coating on a tiny fraction of an inch of thread so 
h e  that it weighs less than an ounce to the mile. 

USES OF RADIATION 

Availability of scores of radioisotopes, each offering its charac, 
teristic type and intensity of e n e r a  emission, will soon bring the 
power of radioactivity into the service of industry on a scale not 
equalled or even approached in the past. The possible uses are so 
varied and so unexplored that present speculation can only Vaguely 
indicate them. There are two broad fields of such application. 

First,, radiations have powers-recognized but as yet little under- 
stood-to affect chemical reactions involving the hydrocarbons and 
other substances entering importantly into industrial processes. At 
the Massachusetts Institute of Technology, for example, chemists 
have been able, by the use of radiations, to  convert certain fatty acids 
into parafEnic or strai ht-chain hydrocarbons, which compose a sizable 
part of petroleum. &e future may see some manufacturing processes 
accelerated or produced at  lower temperatures, and others rendered 
possible for  the first time, when the chemists and engineers have 
learned to make radiation play its role in such reactions. 

Second, radiations provide industry with a powerful and flexible 
measuring and analyzing tool. In the future, radioisotopes will be 
at work in factories doing a great variety of jobs that cannot be done 
at  all today-measuring the thickness and size of objects to millionths 
of an inch or of a gram ; revealing the internal condition of a paratus- 

(radiographs) of opaque materials; analyzing the quality of products; 
and even controlling the operation of production machinery. 
Radiation at Work 

A few beginnings have been made in the application of radiations 
to  industrial processes. Probably the oldest application is in oil-well 
logging, where radiomaterials lowered along with detection apparatus 
into wells have provided valuable information b the manner in which 

the shaft. One of the newest applications is noted in Appendix 1: 
the use of radiations to dissipate hazardous and hampering static 
electricity which collects on belts, rolls of paper, and other moving 
materials in factories. Also in Appendix 1, the Goodyear Company 
reports the development of a gage in which radiocarbon measures 
the thickness of a sheet of Pliofilm on the production line accurately 
to a hundred thousandth of an inch. It is noted that the signal from 
this gage, amplified and hooked up with the production machinery, 
could actually be used to control the thickness of the film. 

Such automatic process controls are an obvious extension* of the 
measuring and analyzing function of radiation ; but their application, 

the extent of corrosion inside a pipe, for instance ; making p K otographs 

they were reflected from the different materia 9 s lining the walls of 
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like many of the most interesting applications of radiomaterials to 
dustrial processes, must come gradually along with the development 

of in t ethnical understanding and safe procedures. Of first importance 
indust’)‘ today-as in medicine and agriculture-is the new funda- 

knovledge that isotopes as tracers are revealing in the 
I&oratOries. 

T_~‘TILIZATIOS-CHEMICAL AXD PHYSICAL RESEARCH 

It was the work of physicists and chemists that originally made iso- 
es available for research. and today their efforts in the field make top 

ft tlvo-fold contribution to all the other sciences. First, by the appli- 
cation of isotopes to fundamental problems in their own subjects, they 

daily uncovering basic facts that have profound effects on other 
fie,& of knowledge. Second, by their studies of the radiations of iso- 
topes and of the instruments, equipment, and techniques required to 
P ut them to work, physicists and chemists are making possible the 
use of isotopes in other sciences. 

FURDAMENTAL PHYSICS 

The connection be tween the physicist’s investigations of nuclear 
structure and the ereryday life of mankind, although often remote, 
is appreciated today as never before. The entire development of 
atomic energy makes it plain. Generally speaking, hoverer, the proj- 
ects he undertakes-such as those described in Appendix 1-are under- 
standable only to the scientist. 

The reports tell of the use of both stable and radioactive isotopes 
of a number of elements-notably hydrogen, helium, carbon, oxygen, 
phosphorus, and zinc-to make new observations of nuclear particles 
and new deductions concerning the mysterious forces that hold the 
atomic nucleus together. For  example? the “spin” of the fundamental 
nuclear particles? xhich is related to the force binding the nucleus 
together, has been rneastmed in number of isotopes-in carbon 14 
at  the University of California and in zinc 67 a t  the University of 
Viseonsin. (For some very fundamental results concerning these 
“magnetic moments,” see the description of work with hydrogen and 
helium at the Commission‘s Argonne National Laboratory, Appendix 
1, page 143.) 

FUh-DAMENTAL CHEMISTRY 

The chemistk fundamental studies of the combination of atoms 
into molecules are a step closer to the everyday world of practical ap- 
plication. reriew of the projects described under “Chemical Re- 
search” in Appendix 1 makes apparent their close relationship with 
the work in all other fields of research. The University of Texas, for 
example, reports using radiochlorine to demonstrate that  it is the 
chlorine atom in the salt molecule that destroys the “passivity,” or 
chemical inertness, of chromium. This fact may some day provide 
the basis for the development of a more durable kind of chromium 
plating. I n  both the organic and the inorganic fields, chemists report 
using isotopes to study a great variety of processes that they could not 
Previously observe-irocesses inrolred in molecular formations and 
exchanges ; diffusion in liquids and solids ; the interactions among gases, 
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liquids, and solids ; catalytic action ; solubility of materials ; complex 
biochemical reactions ; and nisny other phenomena. 

In  the laboratories of physicists and chemists, isotopes function nat 
only as tracers and as radiation sources but also as important object, 
of study in themselves. Especially is this the case in the laboratories of 
the Commission’s contractors, where the products of nuclear fission 
are of primary importance to the work program. The consequence 
is that the Commission is able to offer considerable assistance to all 
users of isotopes. The contribution of physics and chemistry to isotope 
utilization in other fields, therefore, is discussed in the folloniing 
section. 

~ 

UTILIZATION OF ISOTOPES IN COWMISSION PROJECTS 

From the start, the development of atomic energy has been a seri& 
of problems in the production and use of isotopes. The wartime m- 
and hundre r s of millions of dollars to separate from natural uraniu 
a stock of the isotope uranium 235. At  Hanford a comparable invest- 
ment of labor and money went into the large-scale production bs 
nuclear transmutation, of the isotope plutonium 239. Fission-product 
isotopes are produced by the nuclear reactors which today manufacture 
plutonium and tomorrow may be a ne,w source of industrial power, 

A full description of the Commission’s work with isotopes today 
would necessitate a description of its entire research and development 
program. An idea of the nature and scope of the work, however, call 
be obtained from the reports in Appendix 1 (page 139), in which nine 
of the Commission’s contractors present brief accounts of the isotope 
projects in their laboratories. 

duction pro am at Oak Ridge employed tens of thousands of wor i em 

PHYSICAL AND CHEMICAL APPLICATIONS 

I n  the Commission’s three National Laboratories, Argonne in Chi- 
cago, Brookhaven on Long Island, and Oak Ridge ; in the Los Alamos 
Scientific Laboratory ; in the Radiation Laboratory at  Berkeley ; and 
in the Ames Laboratory at  Iowa State College! physicists and chemists 
are depending heavily on isotopes to assist in probing into nuclear 
structure and nuclear and chemical forces and in studying the char- 
acteristics of certain rare earths and other elements now purified and 
isolated for the first time. 

Isotopes used in such work sometimes act in their familiar roles 
as tracem and sources of radiation, but more often they are valuable 
as objects of study for their own sakes. It has been known for some 
years, for example, that there existed in nature a radioactive isotope 
of potassium (potassium 40) -one of the few known naturally radio- 
active materials among the common elements. But only since the Oak 
Ridge electromagnetic separators were devoted to the task has it been 
possible to isolate enough of the material for study. Studies of 
potassium 40 now under way at  Argonne, Brookhaven, and a t  Colum- 
bia University under an AEC contract are expected to throw light 
on such diverse problems as the structure of the nucleus, the age and 
internal heat of the earth, and the natural radioactivity within plants 
and animals. 
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in the man-made radioactive isotope hydrogen 3 (tritium), is I Aga&able for comprehensive study. Observations made at -4r- 
~ pane Do'fF 'Laboratory of this simplest of all the radioactive isotopes have 

in new accurate measurements of nuclear "magnetic mo- 
ts" and "exchange forces" and have thus brought science a step 1 to understandillg the basic forces of the atom. 

I-#&" - - 
&, Production md Deuehopmnt 

isotopes are equally useful in the laboratories where the Commis- 
sion,s contractors are tackling the day-in-day-out problems of the 
,,duction of fissionable materials and weapons and the construction $ t;be many types of nuclear, reactors upon which speedy develop 

of atomic energy's peacetime uses depends. At Hanford, for 
Gample, purified isotopes are used in the study of the fission prod- 
ucts roduced in great quantities by the giant plutonium piles. At 
be &olls Atomic Power Laboratory, Schenectady, N. Y., at the Ames 
bboratory, Iowa State College, and at Argonne, Oak Ridge, and Los 
dames, they are probing into the nuclear, chemical, and metallurgical 
daracteristlcs of materials that have suddenly become important to 
&e national welfare and safety. Much of this applied research and 
dev&pment work is not publicly reportable, but in volume it is the 
major part of the Commission's research program. 

BIOWICAL AND MEDICAL APPLICA!MONG 

The vital problems of the effects of radiation upon human life- 
and of course, upon plant and animal life as well-are under inten- 
sive investigation in all of the Commission's major laboratories and 
also under contract by the University of California, Los Angeles; 
Columbia College of Physicians and Surgeons; Universit of Ten- 
nessee, Knoxville ; Harvard University School of Public d a l t h  ; the 
University of Rochester ; Western Reserve University ; the University 
of California, Berkeley ; Washington University School of Medicine 
St. Louis, and the University of Washington School of Applied 
Fisheries, Seattle. Since radioisotopes themselves are the sources of 
the radiations that are of chief concern, they are the standard in- 
vestigative tools. Safet and health in a world where nuclear energy 

radiations brin about in livin tissue, in life processes, a n f i n  the 

are immense, and the workers capable of exploring them are very 
few. Therefore, although investi ations with isotopes in this field 

that is more characteristic of applied science. 
These investigations are of course essential to the protection of 

of others who might be affected by the failure to app B y program' proper safety and 
the tens of thousands of workers in the atomic ener 

precautions. Not only the dangers of radiation but, the toxic effects 
of uranium, thorium, plutonium, beryllium, and other newly im- 
portant materials are being studied by the Commission's contractors, 
and reference to Appendix 1 will make clear the utility of isotopes in 
such work. 

is being released must be t ased upon understanding of the chan es that 

functioning of E odily organs. P- et the unknown areas of the subject 

are of very fundamental nature, t f; ey are pursued with an urgency 

58f.x; f 3 6  
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SERVICES TO CSERS O F  ISOTOPES 

A very important byproduct of the Commission's application of 
isotopes to the solution of its own problems is the service that it is 
able to provide to all other users of isotopes. I n  the field of physics, 
six of the Commission's contractors are studying the precise nature of 
the radiations emitted by various isotopes, and an equal number are 
engaged in the more exact calibration of radiation detection instru, 
ments. I n  the course of chemical and biochemical studies, the Corn. 
mission's contractors have assisted in the improvement of the specifics, 
tions for purity of distributed isotopes and have developed methods 
of makin a large number of compounds containing isotopes, which 

of biology and medicine, of course, nearly everything learned about 
radiations and their effects contributes to the usefulness of isotopes 
in private laboratories and hospitals. Columbia University College 
of Physicians and Surgeons, for  example, as an essential preliminary 
to studies of radiation effects, has undertaken a thorough study of the 
dosage problem-the problem of determining accurately the quantities 
of radiation delivered to living tissues by various isotopes. I n  the 
course of this work, Columbia researchers have devised a new instru. 
ment to provide a standard of measurement. As a result, the College 
can now compare measured samples of the commonly used radioiso- 
topes with those in use in other laboratories for the purpose of more 
accurate1 calibrating instruments for dosage determination. 

nical information to other users of isotopes are more than repaid in 
the new knowledge about radioactive materials that is flowing daily 
out of hundreds of laboratories where isotope research is in progress, 

will be o P ered to outside users (see Appendix 2). And in the field 

The e d orts made by the Commission's contractors to provide tech. 

FOREIGN UTILIZATION 
Since the start of the program of foreign distribution of radio- 

isotopes (see page 15), more than 100 research institutions and hos- 
pitals in 15 countries have begun to use them. Thus far, the great 
bulk of the work undertaken is in the biological fields, although a 
few projects in physical research are under way. The 159 foreigp 
shipments from Oak Ridge up to June 30,1948, included radioisotopes 
of 10 elements : calcium, carbon, cobalt, iodine, iron, mercury, phos- 
phorus, strontium, sulfur, and zinc. 

To date, only Australia and Great Britain have been receiving 
radioisotopes long enough to be able to report on projects under way. 
The Australian report show that up to the end of February 1948 
radiophosphorus had already been used with good results in 11 hos- 
pitals to treat 22 cases of polycythemia and two of leukemia. The 
therapeutic use of radioisotopes in Australia is regulated by a special 
conmiittee of the National Health and Medical Research Council. 
During the period covered by the report, very little research work 
had gotten under way, but a variety of projects were being planned 
with radioactive carbon, cobalt, iodine, iron, and strontium. 

The British report, dated June 17, 1948, shows a great variety of 
biological and medical research already under way in 21 institutlonsq 
Close to 50 different projects are listed, involving such problems 8s: 

T 

1 -  
I 

3 
i 

t 

i 
t 

1 

I 
I 
1 
t 

I 
i 
I 
I 
I 

T 

Gene: 
Blooc 

and otE 
Bone 
Neryl 
Norn 
Fetal 
Influ 
Distr 
F l o ~  
Thyr 
Grop 

nant ar 
Actic 

enzyme 
infectic 

It is evic 
already bra 
fields and a 
there will g 
the United 
lished and 
topes for rf 
advanceme] 
tific discovc 

The busj 
utilization 
of equipme 
in the year 
an immenst 

Today, t 
Oak Ridge 
versities, r 
the United 
as compete 
number of 
in of thes 

f n  the p: 
tists have 
improvise 
as mechan 
preparatio 
in the ope 
stitute a r a  
services--r 
against rn 
yet-to-be-I 
hnance of 
inorganic 
present de 
research IT 

The sup 



le tech- 
paid in 
g daily 
rogress. 

i radio- 
nd hos- 
ie great 
iough a 
foreign 
isotopes 
J ,  phos- 

y p i  v; n n 

1 

7 
i 

35 UNITED STATES ATOMIC ENERGY COMMISSION 

General body metabolism, normal and abnormal. 
Blood formation, blood volume, and circulation in anemia 

Bone formation and bone diseases. 
Serve and muscle metabolism and function. 
Normal and abnormal functioning of the brain. 
Fetal metabolism and circulation through tlie placenta. 
Influence of pregnancy on metabolism. 
Distribution of phosphorus in the teeth. 
Flow of fluid into the eye. 
Thyroid gland activity, normal and abnormal ; thyroid cancer. 
Growth and nutrition of tumors ; differentiation between malig- 

nant and normal tissue. 
Action in the body of immunization agents, antigens, etc.; of 

enzymes, hormones, and other secretions ; of bacteria and virus 
infections ; of penicillin and other drugs. 

It is evident that British research vi th  pile-produced isotopes is 
already branching widely in biolo and medicine. As work in these 

there d l  grow up abroad a new scientific activity paralleling that in 
the United States. All results in these foreign projects are to be pub- 
lished and will be read by Americans here, as are ours abroad. Iso- 
topes for research and medical use will become a stimulus to human 
&ancement on an international scale, as have the other great scien- 
tific discoveries of the past. 

and other diseases. 

fields and also in physical researc f? gets under Kay in other nations, 

BUSINESS IN ISOTOPES 
The businessman has reason to be interested in isotopes. Their 

utilization in scientific research has created a demand for new kinds 
of equipment and services which will continue to grow very rapidly 
in the years ahead. Their application to industrial problems opens 
an immense field for future development. 

Today, two years after the first shipment of radioisotopes from 
Oak Ridge, 236 laboratories have been equipped for their use in ~111- 
versities, research institutions, hospitals, and industrial concerns in 
the United States. New laboratories are being established as rapidly 
as competent scientists and technicians become available, and a large 
number of educational institutions are already engaged in the train- 
iw of these workers. I n  the pioneer radiation laboratories now operating, research scieil- 
tists hare been forced to master many unfamiliar techniques and to 
improvise most of tlie equipment they use. They have had to double 
as mechanics in the design of special tools, as radiochemists in the 
preparation of radioactive compounds, and as electronics engineers 
in the operation of their instruments. Such laboratories today con- 
stitute a rapidly growing market for a great variety of equipment and 
serviceenem equipment for the assay of radiations, for protection 
against radiation hazards, and for the handling of radiomaterials ; 
vet-to-be-provided services for the design of laboratories, the main- 
tenance of complex instruments, and the preparation of organic and 
inorganic compounds labeled with radioisotopes. As rapidly as these 
present demands are supplied, new projects will get under way, new 
research will be possible. 

The supplying of these growing demands is a job for business. With 



1 

t;: 
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the Commission furnishing the basic pile-produced isotopes required 
for the manufacture of radioactive compounds, private industry is 
a position to provide all of the equipment, materials, and serPices 
needed by isotope tracer laboratories today. Already, electronics 
firms have taken the lead in developing radiation detection h t m -  
ments. Enterprising companies are beaming to offer prepared radio, 
active compounds. And some are thinking in terms of more complete 
services for research workers. 

The firms going into this field are lookin,o beyond today’s market, 
in which 8 out of 10 isotope research projects are concerned with 
basic science, fewer than 1 out of 10 with industrial problems. Of 
course, the supplying of laboratories and hospitals can be a good. 
sized business in itself. But the potential application of isotopes to 
the work of industry-for the control of processes, the testing of 
products, and the development of entirely new processes and prod. 
ucts-is an open field of opportunity. It is the kind of field that 
American competitive industry is uniquely fitted to develop. 

INSTRUIHENTATION AND EQUIPMENT 

Ever since World War I1 took radioactivit out of the physicist’s 

tronics industry has been multiplying its out u t  of radiation measure- 

velopment remains to be done; eventually, the radiation counter may 
be as simple to operate for the biologist in a laboratory, or the mate- 
rials inspector in a plant, as is the home radio for everybody today. 

Essentially, the purpose of a11 radiation counting instruments is 
the same : to determine the average number of atomic disintegrations 
occurring in small units of time and hence to reveal the strength of 
the radiation source. But in actual experimental and technical work, 
this purpose must be accomplished under widely varyinf conditions; 
radiations from the various isotopes differ greatly in c aracter and 
strength; the material in which they are measured may be gaseous, 
liquid, or solid-living or inanimate ; the objective of the investigator 
may be the instantaneous determination of radiation strength or the 
chartin of the gradual rate of increase or decrease over a period of 
t h e .  k i t h  the increasing application of radioisoto es to new scien- 

need for variation and elaboration of detection devices. 
The protection of personnel, essential in every radioisotope project, 

calls for a separate catalogue of radiation detection. instruments : sur- 
vey meters for the handy monitoring of operations and checking of 
laboratory equipment and personnel for contamination ; pocket ioniza- 
tion meters to determine the cumulative exposure of individual work- 
ers; and film badges and other specialized devices to meet specific 
needs. 

There are now more than 30 firms in the business of supplying 
radiation detection instruments. An obvious complement to this 
business, already undertaken by at  least one firm, is the supplying of 
other specialized equipment needed by radioisotope pro] ects-the 
lead bricks and chests for shielding, the highspeed fans for ventila- 
tion ; the extension-type tools for the remote-control handling of radio- 
materials, and a host of other novel devices not obtainable in today’s 
market. 

laboratory and put it to work in gigantic pro (9 uction planB, the elec- 

ment instruments and improving their per P ormance. But much de- 

tific and industrial problems, there are no foreseea E le limits to the 
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ISOTOPE-WELED COMPOUNDS 

30th the Commission and private industry are meeting the present 
ent need of tracer laboratories for isotope-labeled compounds, (see 

urg 121, but the supplying of this demand is ultimately a job for page p m t e  indust~Y* 
While the Commission must necessarily continue to manufacture 

the basic pile-produced isotopes and also to pass upon the eligibility 
of ,pplicants to receive radiomaterials, competitive commercial chem- 
ical fims, operatinf on a profit basis, mill best achieve the rapid de- 
wlopment and rea y distribution of the radiocompounds that most 
tracer laboratories actually use. 

Late in 1947, representatives of nine interested firms met with 
ammission officers at Oak Ridge to consider the new pattern of in- 
dustry-C;overnment cooperation required to achieve this end and to  
discuss such problems as prices, patent rights, and distribution pro- 
cedures. This and subse uent studies of the problem have resulted 

the situation :- 
Commercial firms will be encouraged to manufacture and dis- 

tribute for sale ta ged compounds, with radioactive materials 

will enter the field to such an extent that it will be able in time 
to withdraw from the manufacture of such compounds for gen- 
eral distribution. 

The price to be charged for isotope-labeled compounds pro- 
duced by commercial firms will be established by the firm manu- 
facturing the material in accordance with normal industrial prac- 
tices. Inventions or discoveries made by persons using radioiso- 
topes or using or manufacturing isotope-labeled compounds will 
be subject to patenting by the inventor in accordance with normal 
industrial practices. The Commission does not contemplate the 
reservation of patent rights to inventions and discoveries made 
by receivers of radioisotopes pursuant to  the Commission’s regu- 
lar program of distribution. 

The users of radioactive ‘isotope-labeled compounds will be 
required to meet the safety and health standards that are estab- 
lished from time to time by the Commission. They also will be 
required to publish or report the significant results of investi- 
gations using radioactive materials, but these reporting require- 
ments will be applied so as not to interfere with an inventor’s 
opportunity to obtain patent protection for his inventions and 
discoveries. 

Already, one firm has started production of compounds; a second 
has completed the necessary arrangements with AEC; and three 
others are negotiating toward this end. AEC is assisting these firms 
by making available the results of its own experience in the making 
of compounds containing radioactive tracers. 

in the Commission’s estab 4 ishment of a policy and procedure to meet 

obtained from AE 8 . The Commission hopes that private firms 

SERVICES 

One commercial firm has already begun to offer certain services to 
the users of radiomaterials, such as the maintenance of electronic 
instruments, the regular inspection of the radiation-recording film 



38 UNITED STATES ATOMIC ENERGY COMMISSION 

s ia ,  
badges worn by workers, the solution of problems of laboratory de 

“d 
aiid even the instruction of laboratory personnel in the effective 
safe utilization of mdiomaterials. Furthermore? this firm is alreadg 
exploring the possibilities of the application of radioisotope techniques 
to the problems of industry. 

of 
The  section on industrial applications, page 28, describes Some 

the possibilities in this field. But so great are the potentialities that 
only a few of the applications can be foreseen. I n  the future it mill 
the radiation engineer-serving industry as other experts do today, 
who will develop the role of radioactive niaterials in the productiob 
of manufactured goods. 
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rIr. PARTICLE ACCELERATORS* 

The postwar assault of the physicists upon the citadel of the atomic 
Ducleus is being mounted with n e r  and heavier artillery. The number 
of particle accelerators-cyclotrons, synchrotrons, betatrons, linear 
,ccelerators, etc.-in operation in 50 U. S. laboratories and at least 
10 abroad will be more than doubled by construction that is already 
scheduled. And a t  least two dozen of the new atom smashers will be 
capable of bombarding the nucleus with particles accelerated to more 
than I00 million electron volts--an energy produced by only a single 
machine today. 

The Comm~ssion’s particle accelerator program has been marked by 
two important events in 1948. The meson, a p r i ina r~  nuclear particle, 
was &rtificia!ly produced and observed in the laboratory for the first 
time in the giant 184-inch synchrocyclotron operated with AEC funds 
in the Radiation Laboratory of the University of California at 
Berkeley; and plans were completed by the contractors and staff of 
the Commission for the construction of two new mdtibillion-electron- 
volt proton-synchrotrons, many times more pomerf ul  than the present 
f3erkeley machine. 

T€lE MESON 

On February 21, workers in the Berkeley Radiation Laboratory 
achieved one of the major objectives of modern research in nuclear 
physics : they recorded on photographic emulsion plates placed within 
the 184-inch cyclotron the presence of mesons, hitherto observed only 
in cosmic rays. The meson (also called the mesotron) is an evanescent 
high-energy particle intimately associated with those fundamental 
nuclear processes that are still largely mysterious to scientists. When 
available under controlled laboratory conditions, the meson is ex- 
pected to be an important tool for studying the nature of the forces 
that hold the nucleus together. Since the development of atomic 
energy must depend upon man’s understanding of these nuclear forces, 
the laboratory production of the meson is regarded by many nuclear 
physicists as the most important advance since the discovery of 
uranium fission in the late 1930s. 

MULTIBILLION- VOLT ACCELERATORS 

Before the meson can be understood and exploited as a laboratory 
tool, however, more powerful atom smashers must be built. The 184- 
inch Berkele mach ine the  world’s greatest at this timepossesses 
barely enoug t power to produce low-energy mesons. During the past 
Bear, physicists in the Commission’s laboratories have been studying 
the feasibility of constructing electronuclear machines powerful 

‘CYclotrons, synchrotrons, and betatrons are particle accelerators employing large elec- 
tromagnets to hold the aths of the particles being accelerated in closed or spiral orbits. 
These machines are to ge contrasted with accelerators not employing electromagnets fn 
W c h  the paths are straight lines, e. g., linear accelerators and Van de Graaff generators. 

39 
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enough to accelerate particles to  energies of several billion elwt:tron 
volts. By the end of 1947, the Berkeley Radiation Laboratori and 
the AEC’s Brookhaven National Laboratory on Long Island ha corn, 
pleted the necessary theoretical work and subniitted proposals to build 
such machines. After staff study. and upon the recommendation of 

the following specific plans for machine construction : 
A 30-foot-radius proton-synchrotron to be constructed at 

Brookhaven; to yield protons with energies between two and 
three billion electron volts (BEV) : to take about three years to 
build ; and to cost approximately $3,000,000. 

A 55-foot-radius proton-synchrotron to be constructed at 
Berkelev; to yield protons with energies between six and seven 
BEV; tb  take four or five years to build ; and to cost approximately 

The Brookhaven machine, accelerating protons in a track almost 
four times the radius of that of the present Berkeley cyclotron, will 
develop energies about seven times as great-sufficient to produce 
mesons plentifully. The Berkeley proton-synchrotron is expected to 
accelerate articles with approximately 18 times as much energy as 
the 184-inc K cyclotron. Not even its designers venture to predict the 
nuclear phenomena that it will reveal. 

The ring-shaped magnet of the proposed Berkeley proton-syn, 
chrotron will require 10,000 tons of steel, approximately the quantity 
needed for a heavy cruiser. When it is considered that the proton, 
the nuclear particle to be controlled by this magnet, weighs only 
one in 17 million billion billion parts of an ounce, some conception 
of the forces applied to the particles may be obtained. I n  both ma- 
chines, protons will be accelerated nearly to the speed of light.-& 
maximum speed possible under the theory of relativity. I n  the 
Brookhaven proton-synchrotron, the particles while being accelerated 
will travel a distance of more than 150,000 miles-the equivalent of 
six times around the earth-in less than a second’s time. 

The synchrotron princi le for the multibillion-volt acceleration of 

the United States, Great Britain, and Russia. Thus f a r  the only 
known plans for such machines abroad have been made a t  the Uni- 
versity of Birmingham, England, where construction is already under 
way. 

Design of the American proton-synchrotrons is the achievement of 
two exceptionally competent teams of nuclear physicists. The Berk- 
eley Radiation Laboratory has pioneered the entire development of 
high-energy nuclear bombardment. The Brookhaven Laboratory is 
a center of nuclear research for the great universities of the East. At 
these two locations the new machines will be ideally situated for maxi- 
mum utilization of talent in the particle accelerator field. 

its General Advisory Commit tee, the Commission approved, in April 9 

$9,000~000. 

protons was conceived in B ependently during the mar by physicists in 

PARTICLE ACCELERATORS IN THE UNITED STATES 

Today there are more than 50 particle accelerators operating in the 
United States in the high-energy (million electron volt) range. An 
almost equal number are now scheduled for construction.. A few of 
these, notably the synchrocyclotrons under construction a t  Columbia 
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university, the Uniyersity of Chicago, and the Carnegie Institute of 
Technology, are to be giant atom smashers with power in the range 
of that of the IN-inch cyclotron, designed to extend the frontiers of 
fundamental knowledge. 

The great majority of them, however, are laboratory workhorses 
intended to operate, da r  in, day out, bombarding various target sub- 
st,ances to get information and to  produce materials obtainable in no 
other way. The information that they produce-about the nuclear 
charclcteristics of materials, for instance, or the behavior of nuclei 
under bombardment, or the fission and transmutation of elements- 
is basic to many kinds of scientific work and particularly to the de- 
velopment of atomic energy. The actual materials that they 
dace-isotopes not obtainable from atomic piles-are essentiaf?; 
bda  ’s laboratories and especially in the investigation of such 

living things. 
prob Y ems as the effect of radiation and radioactive materials upon 

CO-SBION’S ACrnERA’HlR mm&l&f 

There are now seven particle accelerators of various types working 
in the Commission’s program. Three more are under construction; 
and 10 others are planned. 
Amelerators Now in Operation 

Accelerators now in operation in the Commission’s program are 
located at the Radiation Laboratory in Berkeley and the Los Alamos 
Scientific Laboratory, In  addition to the 184-inch cyclotron, Berkeley 
has a 60-inch cyclotron (a pioneer machine, in which plutonium was 
first produced), which has operated steadily for more than a year 
bombarding materials for the Commission’s research projects, chiefly 
in. the field of biology and medicine, at Berkeley and Uak Ridge. Also 
at Berkeley is a linear accelerator constructed on an experimental basis 
to determine the possibility of producing billion-volt protons by 
strrtight-line acceleration. Now that experience has shown the proton- 
synchrotron design to be more feasible for this purpose, the completed 
section of the linear accelerator has been put to work in physical inves- 
tigations in the 20-40 million-electron-volt range. At Los Alamos 
are four accelerators workin in the specialized physical research 

SO-MEV betatron, a ZMEV Van de Graaff generator. and a 200-KEV 
Cockcro f t -malton accelerator. 

associated with the program o f that laboratory : a 40-inch cyclotron, a 

Now Under C o m t m f i o n  
Now under construction in Commission laboratories are : 

A Synchrotron (virtually complete) at Berkeley which will for 
the first time accelerate electrons to energies of 300 million elec- 
tron volts. The machine may prove capable of splitting nuclear 
particles : neutrons and protons. 

A Van de Graaff electrostatic generator (4 MEV) at Argonne 
National Laboratory, chiefly for study of the nuclear character- 
istics of materials used in the reactor program. 
B Van de Graaff generator (3.5 MEV) at Brookhaven National 

Laboratory, for general nuclear research. 

7 9 7 1 4 8 4 8 4  
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To B e  Constructed 
Scheduled for construction, in addition to the two previously de- 

scribed multibillion-volt machines a t  Brookhaven and Berkeley, are : 
Two &?-inch cyclotrons (30 MEV) for Argonne and Brook- 

haven National Laboratories, to  be used in both physical and 
medical research. 
Five betatrom for various laboratories of the Commission and 

institutions in its program, to produce high-enera radiations for 
use mainly in medical research. 

A Van de Graaff geneqzator (12 RIEV) for Los Alamos Labora- 
tory, for special research in nuclear physics. This type of electro- 
static enerator makes possible a variation and precise control of 

and synchrotrons, and the Los Alamos machine will provide data 
much needed for solution of the nuclear physics, chemistry, and 
engineering problems of that laboratory. It will be more than 
twice as powerful as any similar machine now in existence. 

The Commission's joint support of a scientific program with the 
Office of Naval Research will include financial assistance for the opera- 
tion of a number of other particle accelerators engaged in research 
associated with atomic energy in university laboratories throughout 
the country. 

partic B e energy not feasible with the multimillion-volt cyclotrons 
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IV. ATOMIC POKER 

There has been extensive discussion and speculation on the possi- 
bilities of atomic power and in some imtances unwarranted optzmisnz 
as to the character of the technical difficulties and the time required to 
s ~ r m o u n t  these dificulties. Following i s  a report to  the Atomic 
Energy Commission by  i ts  General Advisory Committee" stating the 
Committee's evaluation of the prospects fur useful power f rorn nuclear 
energy. 

the answers to the questions : 
This paper proposes to discuss considerations that will determine 

When shall we have heat and power from atomic energy? 
On what scale will this be available? 
How much will it cost ? 

Even if a full account of the events of the next decades were avail- 
able to us, we would have to give a fairly complex answer to these 
questions. Thus, the first instances of the generation and uses of 
heat or power are likely to be on a small scale and be uneconomical. 
Further development may increase the scale without substantially 
improving the econoniy, and many steps surely lie between the present 
and the ultimate future in which atomic power is possible, economical, 
practical, and abundant. 

At present, there already exist nuclear reactors which produce 
atomic power as a byproduct but not in a usable form. The large 
reactors at  Hanford, made up of natural uraiiiuin and graphite and 
used in the production of plutanium for atomic bombs, generate great 
quantities of heat a t  low temperatures, and this heat is carried away 
in the water of the Columbia River. The much smaller uranium- 
graphite reactor at the Oak Ridge National Laboratory, used for re- 
search purposes and for the production of radioactive isotopes, gen- 
erates heat which is dissipated in the air. A similar reactor is under 
construction at the Brookhaven National Laboratory. The uranium- 
graphite and the uranium-heavy-water reactors at the Argonne 
National Laboratory are used for research purposes and their small 
energy outputs are also wasted. The reactors at the Los Alamos 
Laboratory, made up of enriched uranium or plutonium and used 
for research in connection with atomic bombs, operate at  a very lorn 
power and dissipate their heat into water or into the air. Thus, none 
of the reactors- now in existence produce usable power. However, 
all of these reactors supply valuable information for the development 
of power reactors. 

*Members of the AEC General Advisory Committee are: Dr. J. Robert Oppenheimer, 
Dlrector of the Institute for Advanced Study, Princeton, N. J., chairman; Dr. James B. 
Conant, President of Harvard University ; Dr. Lee A. DuBridge,. President of California 
htitute  of Technology; Dr. Enrico Fermi, Professor of Physics at the Institute for 
Kuclear Studies, University of Chicago ; Dr. 1, I. Rabi, .Chairman of .the De artment of 
Phrsics, Columbia University : Hartley Rowe, Vice President and Chlef Engfneer of the 
united Fruit Compuny.; Dr. Glenn T. Seaborg, Professor of Chemistry at the University 
Of California ; Dr. Cyril S. Smith, Director of the Institute for the Study of Yetals, Uni- 
versity of Chicago ; Hood Rorthington. E. I. duPont de Nemours & Co., 'InC. 

43 



44 UNITED STATES ATOMIC ENERGY COMRZISSION 

There are numerous scientific and technical problems that must be 
solved before atomic power can become a practical reality. Some of 
these are connected with enerating energy at  high temperatures, for 

has as yet been proposed. This problem of high-temperature energy 
generation is essentially one of finding suitable niaterials for use In 
a nuclear reactor, suitable forms for the fuel, for  structural elements, 
for coolants, and for  moderators. But even in a program focused 

rimaril on high-temperature energy, norel considerations limit the 
Lnds  ozmaterial which can be used. Thus, any reactor must in- 
clude one of the two fissionable elements, uranium and plutonium, 
Materials of the reactor must be able to withstand not only hi h 

present if the power is not to be altogether trivial. 
To these obvious and necessary requirements, further desirable but 

optional criteria must be added. For example, it is undesirable to use 
in a reactor materials which absorb many neutrons, since the invest- 
ment in nuclear fuel would thereby be increased and its conservation 
impaired. It is undesirable to use materials or reactor designs which 
give a very short life without recharging, since this not only works 
against  economy because of the cost and inevitable losses in reprocess- 
ing reactor components and fuels, but also limits the adaptability of 
the source of power. It is undesirable to build reactors in which the 
power per unit of fuel invested is very low, since this mill clearly in- 
volve rather lar e capital fuel costs. It is desirable that the reactor 
design have as fittle net consumption of fuel per unit of power as 
possible, or even that it have a net gain of fuel, a so-called breeding, 
as power is generated. All of these considerations bear on increasing 
the ossible scale and decreasing the probable cost of atomic power. 

&wever, it is likely that in man early reactor designs these criteria 
will not be adequately satisfied. d e s e  reactors will involve relatively 
large charges of fuel, relatively low power per unit of fuel invested, 
frequent recycling, and a high net consumption of fuel per kilowatt, 
obtained. They will also probably operate at moderate temperatures 
where the thermodynamic efficienc is low and where certain special- 

Two reactors are now authorized for construction which should 
produce atomic power and which should be completed within the 
next two or three years. Neither unit can conceivably rate as an eco- 
nomic producer of power. But, as a result of experience gained in these, 
and their successors, there will start a program of reaching higher 
temperatures and at  the same time satisf in some of the criteria neces- 
sary for practicality and economy. Jairyy practical reactors, that 
might be useful for special purposes, may then be available on an 
experimental basis within a decade. 

The widespread use of atomic power will also depend on the avail- 
ability of nuclear fuels. There are three possible nuclear fuels- 
uranium 235, uranium 233, and plutonium 239. Uranium 235 occurs 
to the extent of only 0.7 percent in natural uranium and can be used 
either in that highly dilute form, or after preliminary enrichment in 
isotope-separation plants. It is the natural source; of all nuclear 
fuels. Plutonium and uranium 233 are artificial nuclear fuels ob- 
tained in the first instance by absorbing some of the extra neutrons 
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from the fission of uranium 235 in either uranium 238 (the inert part 
of natural uranium) or in thorium. These elements, once formed, can 
be separated by chemical means from their parents, a simpler process 
than the physical separation of isotopes but fraught with great dif- 
ficulties because of the enormously high radiation levels. 

The selection between the various types of fuel will be, in the lonu 
run, a matter of economics and availabilitv. If uranium ores shoul8 
be found to be very plentiful even if low & d e ,  it mould probably be 
cheapest and best to use natural or, if needed, slightly enriched uranium 

a fuel directly. The fuel might then be discarded without chemi- 
cal treatment after, say, one percent had been utilized, which would 
give about 100,000 kilowatt-hours of heat per pound of the original 
material. 

In anticipation of a rapidly growing shortage of uranium, great 
attention has been given to “breeding”, a process in which plutonium 
or uranium 233 is produced by the power reactor at a rate greater 
than its consumption. It is theoretically possible-but in practice 
mill be very difficult--to build an industrial reactor that  will cause 
excess neutrons to be absorbed in a blanket of either U 238 or thorium, 
producing plutonium or U 233 which can serve as new fuel to con- 
tinue the operation indefhitely as long as new natural uranium or 
thorium is supplied. This greatly increases the availability of fuel, 
for most of the uranium, not just the small 235 fraction of it, is 
consumable, and moreover the larger resources of thorium also can 
be used. It might even be possible by these means to  build up fission- 
able material faster than it is consumed. 

Nevertheless, the engineering difficulties associated with breeding 
are enormous. The conditions which have to be fulfilled to obtain 
high neutron economy are difficult to reconcile with those needed to 
obtain a high power output for a ‘ven material investment. There 

treatment of partly depleted fuel and the extraction of new fissionable 
material from the uranium or thorium blanket. Such procedures are 
complicated by the enormous radioactivity and have to be repeated 
many times before the fuel is completely consumed. The process must 

ive virtually complete recovery at each stage if the physical repro- 
fuction is to be reflected in active material stocks, 

widespread use 
rice of uranium 
would compete 

with coal under almost any condition. However, the available supply 
came from fairly rich ores and was fairly limited. It may be assumed 
that the supply could be increased through intensive geological re- 
search and prospecting. Large use of uranium, however, will certainly 
drive the mining industry to the exploitation of poorer and poorer de- 

mounts of rock, although it may conceivably be reduced by t %large e sale 
posits. The cost will be determined by the cost of handlin 

of useful byproduct minerals. 
If unfavorable assumptions are made about the cost of uranium and 

the technical practicability of breeding, the result is that atomic power 
mould not compete with coal power in the United States except in re- 
gions where the cost of transportation of the fuel from the mine is the 
determining factor, or under other special conditions where the small 

are acute chemical engineering pro f lems associated with the repeated 

Another very important factor in the possibilit 
of atomic power will be the cost of uranium. 
compounds before the war, the cost of uranium 

At 
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bulk and weight of the uranium fuel are particularly valuable. On 
the other hand, if favorable assumptions are made about the cost of 
uranium and the technical practicability of breeding, the ultimate 
capacity may become comparable to and even larger than the present 
coal industry and Fill operate at a lower cost, at  least as far as fuel ex- 
penditure is concerned. At  the present time, sufficient knowledge does 
not exist to make a definite choice between these two alternative possi- 
bilities. It should be pointed out that, in either case, the cost of a nu- 
clear-fuel power plant mill be substantially greater than that of a 
coal-burning plant of similar capacity. 

Even on the assumption of a most favorable and rapid technical 
development along these lines, a word of caution is needed as to tile 
time scale. We do not see how it would be possible under the most 
favorable circumstances to have any considerable portion of the present 
power supply of the world replaced by nuclear fuel before the expira- 
tion of 20 years. 
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V. COXSTET2 C’II’IOX PROGRESS 

In the spring of 1948, construction of new production plants, re- 
search laboratories, and housing and community facilities mounted to 

high rate. Work accomplished during the 3 months of April, May, 
and June was about as great as the total for  the entire year of 1947. 
AS contractors began to translate blueprints into buildings, equipment, 
and utilities, construction expenditure reached a level where it ac- 
counted for about half of the total dollar outlay of the Commission. 

production facilities accounted for more than half of construction 
expenditure, research facilities for 12 percent, and housing and com- 
munity facilities 32 percent. 

PRODUCTION AND RESEARCH FACILI’I’IES 

Plants for the processing of source materials and the manufacture 
of fissionable materials are being expanded in a major undertaking. 

The bulk of this extensive construction job is at the Hanford plu- 
tonium works. There more than 15,000 construction workers are now 
employed on additions to plant, plus the construction of auxiliary 
facilities for transportation, utilities, storage, housing, and commu- 
nity needs. 

A program of construction to replace and extend temporaq war- 
time facilities is just getting started at  Los Alamos, the Commission’s 
weapon research and production center in New Mexico. 

The building of major research facilities as of June 1948 was going 
on at several of the Commission’s installations throughout the coun- 
try. A sitekad been acquired in DuPage County, Ill., near Chicago, 
for the Argonne National Laboratory, and site work had begun. 
The new permanent plant of this laboratory, a major national center 
for atomic energy research, is estimated to cost about 57 million 
dollars and is scheduled for completion early in 1951. Temporary 
structures are now in place. 

After delays caused by a severe winter, the construction program at 
the Brookhaven National Laboratory on Lon Island, New York, is 
nearly on schedule again and is almost one-ha1 9 complete. The target 
date for completion is early 1949. Building of the experimental 
nuclear reactor, which will help make Brookhaven a center of scien- 
tific work, is well under way. 

Extensive new physics and chemistry laboratories were started at  
the Knolls Atomic Power Laboratory at Schenectady, N. Y., where 
the entire 17 million dollar project is now almost 20 percent complek. 

At the Radiation Lctboratory at the University of California a t  
Berkeley, a new and unique particle accelerator, a synchrotron which 
mill accelerate electrons to energies of 300 million electron volts, is 
virtually complete, and building of a new central research laboratory 
is about to begin. 
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HOUSING AXD COMMUPTITP FACIIXJTES 

Extensive new construction of housing and community facilities 
got under way during the first half of 1948 a t  all three of the Com- 
mission's town sites, in accordance with plans of development made 
during 1947. At Oak Ridge, the major effort is to replace substandard 
warbuilt housing and community facilities for a city of 36,000. By 
June, contracts had been let for  about 500 new housing units, together 
with related community f acilities and improvements. 

The work programs at  Los Alamos and Richland (Kanford) are 
still rapidly expanding; and the effort has been to provide proper 
shelter for people already in the rograin and prepare for scheduled 

started at  Los Alamos. At Richland, one group of 450 houses was 
complete. The new housing being built also includes a group of 397 
houses and apartments, virtually complete, and another group of 
1,000 houses, well started. At  the Richland construction camp, bar- 
racks, portable houses, trailer spaces, utilities, stores, and recreational 
facilities to provide for 13,300 workers and some 6,000 of their de- 
pendents were largely completed. 

~ 

growth of population. Work on a Y3 out 600 new housing units has been 

THE PROGRAM AHEAD 

The construction program on which the Commission has embarked 
will extend over several years and is expected to cost about one and 
a quarter billion dollars. U p  to June 30,1948, only about 20 percent 
of this expenditure had been made, and the peak of construction 
activity is not expected to be reached until 1949 or later. 
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T". RAW MATERIALS PROGRAM 

During the first quarter of 1948 the Commission's staff made a de- 
tailed study of the sources of uranium available to the United States. 
one result of the study is an intensire program now under way for 
increasing supplies of uranium available to the United States atomic 
energy program from both foreign and domestic sources. 

A substantial part of the uranium used in the American atomic 
enera  program has come from the high-grade ore deposits of the 
Belgian Congo and Canada, with the greater amount from the Belgian 
Congo. 

The Commission's program for foreign procurement of uranium 
is directed toward increasing the supplies available through expan- 
sion of production from existin sources and development of new 

To enlarge the available uranium supplies to the maximum, the 
Commission has also embarked upon a program of expanding domestic 
uranium production. The Colorado plateau area is an important 
domestic source. The deposits here, however, are quite low-grade 
compared with the deposits in the Belgian Congo and with some in 
Canada and Europe. 

The aim of the domestic program is to stimulate the discovery and 
production of domestic uranium by private competitive enterprise. 
The major elements of the program are : 

1. Gbvernment-guaranteed 10-year minimum prices for domestic 
refined uranium, high-grade uranium ores, and mechanical 
concentrates. 

2. A bonus of $10,000 for the discovery and production of high- 
grade uranium ores from new domestic deposits. 

3. Government-guaranteed three-year minimum prices for the low- 
grade carnotite and roscoelite-type uranium-vanadium ores of the 
Colorado plateau area and Government operation of two vanadium- 
uranium plants in that area. 

Preliminary plans for the Colorado plateau area have been com- 
leted and the ore purchase rogram is under way. The Commission 

Ras purchased two plants for processing the ores-one from War 
Assets Administration and one from the U. S. Vanadium Corpora- 
tion-and negotiations are in progress for the operation of a third 
plant. These three plants have been idle since the war and approx- 
imately one year will be required to rehabilitate and modernize them 
for efficient operation. During the construction period, stockpiles will 
be accumulated to  assure a continuous ore supply when operations 
commence. Two privately-operated plants will continue to supply 
finished products under contracts with the Commission. 

The announcement of the domestic uranium program has created 
widespread interest in searching for uranium deposits in the conti- 
nental United States and Alaska. Several hundred inquiries are re- 
ceived by the Commission each week and many others are received 
by the U. S. Geological Survey and the Bureau of Mines. Mining 
activity in the Colorado plateau area has rapidly increased and plans 
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are under way for large-scale production by mining companies and 
individual operators. It is expected that production will equal or 
exceed that of the war period when the ores were mined fo r  vanadium 
under a government buying program. I n  addition to mining, prii-ate 
interests are planning extensive development and exploration pro- 
grams. This work has been encouraged by a prorision in the Com- 
mission’s price schedule which includes a derelopnlent allom-ance. The 
Commission recognizes that, in line with the policies espressed in the 
Atomic Energy Act of 1946, derelopnzent and production of uraniun1 
ores can be stimulated most effectiyelp by the type of private opera- 
tions responsible for the growth and efficiency of the American mining 
industry. 

The Commission is also expanding its ovn  domestic exploration, 
developmenta and research relating to raw materials. This work is 
designed to aid rather than limit the operations of prirnte enterprise 
in prospecting, ore production, and ore beneficiation. I n  general, 
deposits of uranium discovered by the Commission on public lands 
are expected to be made available for development by private operators 
on an equitable basis. 

Research activities in the field of raw materials include programs 
for improving existing processes for treatment of Colorado carnotite 
ores and for the development of new processes which may make avail- 
able other low-grade sources of uranium. These research programs 
are being carried out by a number of industrial, educational, and 
governmental research organizations. 

Attention is also being given to other mineral products, which have, 
or may have, special applications in the field of atomic energy. 
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191. ADRZIK’ISTRATION 

PERSONNEL SECURITT PROGRAM 

One of the most important and difficult responsibilities of the Com- 
mission is the administration of the personnel security program. 
pumuant to section 10 of the Atomic Energy Act of 1946, the Federal 
Bureau of Investigation makes a “full background” investigation of 
the character, associations, and loyalty of each employee of the Com- 
mission, and also of each employee of a contractor whose work involves 

to restricted data. After receiving the information developed 
by such investigation, the Commission must determine Fchether the 
c o w o n  defense and security of the United States will be adversely 
affected by. permitting the individual to have access to restricted data. 
The Atomic Energy Act requires that such an investigation and de- 
termination be made not only for new applicants for employment but 
also for the very large group of persons who were already employed 
on atomic energy work and had been ‘ven access by the Manhattan 

In compliance with the requirements of the Act, it has been neces- 
sary to examine the records of FBI investigations of the thousands of 
employees already on the job and of additional thousands of appli- 
cants. Only a small percentage of the investigations bring forward 
considerations that may be substantially adverse to the character, 
loyalty, and associations of employees or applicants. However, owing 
to the novelty and the gravity of the questions presented in evaluating 
such cases, each of them consumes much time of considerable numbers 
of officials. For these reasons, the personnel security program has 
proved to be a significant part of the work load of the Commission 
and its staff, and a substantial amount of administrative expense is 
accounted for by this requirement. 

To assist it in meeting the complex problems in this field the Com- 
mission has appointed, as was stated in the Third Semiannual Report 
to the Congress, a five-member Personnel Security Review Board com- 
posed of prominent citizens with a wide range of experience. Members 
of this Board are : 

Owen J. Roberts, former Associate Justice of the United States 

Dr. Karl T. Compton, president, Massachusetts Institute of 

Hon. Joseph C. Grew, former Under Secretary of State. 
George M. Humphrey, president, M. A. Hanna a. 
H. W. Prentis, Jr., president, Armstrong Cork Co. 

This Board serves in an advisory capacity to make recommendations 
as to the appropriate disposition of specific cases, and also to make 
general recommendations with respect to personnel security standards 
and practices. 

Engineer District to atomic energy in F ormation. 

Supreme Court, Chairman. 

Technology. 
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The Commission recognizes that it is essential that the procedures 
established and the practices adopted in this field should be effective in 
safeguarding the security of the atomic energy rogram and at  the 

mission is convinced that a hearing procedure should be in effect to 
give the fairest possible hearing to employees Those eligibility for 
securit clearance has been drawn into question by information de- 
velope i in the course of the investigation of their charact,er, loyalty, 
and associations. On April 15,1948, the Commission issued an Interim 
Procedure pursuant to which employees would have the opportunity 
to appear before an impartial local personnel security board, which 
would make recommendations as to security clearance after sifting all 
available evidence. This Interim Procedure. which the Commission 
intends to revise in the light of further experience in the handling of 
the cases, may be outlined as follows : 

(a) The employee is notified of the basis for the question con- 
cerning his eligibility for security clearance, in as much detail as 
security considerations permit. 
(6) The employee is given an opportunity to answer the ques- 

tions concerning the security clearance, both in writing and in 
a hearing before a local personnel securit board appointed by 

employed. 
(c) In his appearance before the local board the employee 

may be represented by counsel of his o m  choosing and may 
present evidence in his behalf in person and through witnesses. 

( d )  On the basis of all of the evidence before it, including the 
employee’s written explanation and information submitted by 
the employee during his appearance before the local board, the 
local board makes a recommendation to the Manager of Directed 
Operations as to whether security clearance should be granted. 
It is the practice for this recommendation to be accompanied by 
a memorandum in which the local board analyzes the case. 

(e) The local Manager then reviews the entire record in the 
case, including the local board’s recommendation, and in turn 
makes a recommendation to the General Manager of the Commis-, 
sion as to whether security clearance should be granted. 

( f )  I f  the Manager of Directed Operations recommends that 
clearance be denied, the employee is so notified and has an oppor- 
tunity to request that the Personnel Security Review Board 
review this adverse recommendation. Provision is also made for 
the General Manager to submit a case to the Personnel Security 
Review Board on his own initiative, with ap ropriate notice to  

Review Board makes a recommendation to the General Manager 
to assist him in his final determination as to security clearance. 

These hearings are not confined solely to the question of lo altj. 
Under the Atomic Energy Act, consideration must be given to ‘ char- 
acter and associations” as well, and a determination made whether, in 
view of all the factors, the common defense and security will be ad- 
versely affected by permitting the individual to have access to restricted 
data. Without minimizing the importance of loyalty, it should be 
stated that loyalty constitutes but one of the factors that must be 

same time fair and just in their treatment of the in L f  ividual. The Corn- 

the Manager of Directed Operations for t E e area in which he is 

the employee. On the basis of its review, the H ersonnel Security 
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to determine eligibility for access to restricted data, and the 
issues most often presented before the Commission’s local boards 
have involved questions of character and associations and not loyalty. 

\\$ether hearings should be granted to applicants for employment, 
as they are for  persons already employed on atomic energy work, is 
a matter currently under consideration by the Commission. 

In any hearing procedure based on information contained in investi- 
tive reports, om of the principal difficulties encountered is that of 

a%mine persons who have furnished information unfavorable to them. 
in the interest of the common defense and security of the United 
states, it is the Commission’s duty to give appropriate consideration 
to aU information which may be relevant to the securit clearance of 

is the primary source of such information. There will be some cases 
in which important informat.ion comes from a source which the FBI 
has designated as confidential and which therefore the Commission 
may not properly disclose. I n  such a case the employee will not have 
an opportunity to confront and cross-examine the person who supplied 

mformation. It is hoped that it will be possible to keep these 
situations to a miriimum, and that the sources of significant informa- 
tion bearing on the case can be available at a local board hearing. 

The Commission recopizes that where full confrontation is not 
possible it is extremely iniportant that the employee be protected 
against statements activated by bias or prejudice, or statements which 
msult from simple lack of iuformation, and that care be taken to check 
the accuracy of the inforrzation furnished. The Commission con- 
siders that one of the primary functions of the local board is to serve 
as an impartial body to do its best to evaluate all sources of informa- 
tion, and to elicit from the employee and others all infomation neces- 
sary to clear up any misunderstanding which might otherwise result 
from lack of complete confrontation. 

As of July 15,1948 there have been 15 hearings conducted before lo- 
cal ~ ~ O ~ e l  security boards, including one which occurred prior t~ 
the 1SSUanCe of Interim Procedure of April 15th. While most of these 
cases are still in PrOCeSS, Six have been finall disposed of ; and Qf these 
six, security clearance has been granted in z ve instances and denied in 
one. 

LABOR RELATIONS 

ga attempting to afford employees an opportunity to confront and cross- 

the person concerned. Under the Atomic Energy Act, t K e FBI report 

The Third Semiannual Report by the Commission to the Congress 
described certain developments in the field of labor relations that had 
a bearing on continuity of atomic energy operations and noted that 
the Commission and the Joint Committee on Atomic Energy had 
under consideration how best to insure that work stoppages would 
not occur at major AEC facilities. 

As described in the Third Semiannual Re ort, labor negotiations 
at the Oak Ridge gaseous diffusion plant P K-25) resulted in the 
signing of the new contract, without any work stoppage, although 
a vote of the local union membership authorized the union officers 
to call a strike in the event negotiations were unsuccessful. A report 
of these negotiations was prepared by the Commission and trans- 
mitted to the Joint Committee on Atomic Energy on January 6,1948. 
The text of the report, titled “History of Union-Management Rela- 
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tions at  K-25 Plant”, may be found in Hearings before the Joint 
Committee on Atomic Energy (80th Congress, 2nd Session) on Labor 
Policy in ,4tomic Energy Plants (hereafter referred to as “Heap, 
ings,’). Par t  I, pages 6 through 10. 

The Comniission also transinitted to the Joint Committee on Atomic 
Energy, on JanuarF 16> 1948, a “Report on Labor Problems Relating 
to Continuity of Production in the Atoniic Energy Commissioxl Pro- 
9 oram.” The broad ramifications of the problem of assuring con- 
tinuity of operations are described in this report, which may be found 
as Exhibit I to the Hearings, Par t  I, pages 117 through 136. 

The Joint Committee on Atomic Eiierm held hearings 011 the sub- 
ject of labor policy in atomic energy lants on March 9, 10, 12, 15 
and 16, 1948. At the outset Senator Rickenlooper stated that the 
Joint Committee desired to acquire as complete an understanding as 
possible of all the facts involved. 

The first witness was the Chairman of the Commission, who pw- 
sented the views of the Commission and submitted for insertion in 
the record the tmo reports previously furnished to the Joint Com- 
mittee, as well as a report prepared by the staff of the Commission 
with respect to  the then current labor dispute a t  the Oak Ridge 
National Laboratory (X-10) , the parties being the Commission’s 
contractor, the Carbide & Carbon Chemicals Corporation and the 
Atomic Trades and Labor Council, A. F. of L. 

Other witnesses before the Joint Committee were James ,4. Bromn- 
lorn, Secretary-Treasurer, Metal Trades Department, 9. F. of L. ; 
Cyrus S. China, Director, Federal Mediation and Conciliation 
Service ; Silns IV. Pickering 11, Director ‘of Industrial Relations, 
Carbide & Carbon Chemicals Corporation; and Benjamin C. Si@, 
Counsel, Gas, Coke & Chemical Korkers of America (CIO). The 
testimony of all the witnesses is set forth in the Hearings. 

SETTI;EMEhT OF OAK RIDGE LABORATORY DISPISTE 

The labor dispute a t  Oak Ridge National Laboratory (X-10) was 
settled on June 15 without any stoppage of work. During the course 
of negotiations, however, the employees involved in the dispute voted 
t o  strike unless a settlement vas  reached on March 5. Accordingly, on 
March 5, the President issued Executive Order No. 9934, creatin a 
Board of Inquiry pursuant to the Labor Management Relations let, 
1947. At the President’s request, both parties agreed to maintain 
the status quo until March 19. 

On March 15, the Board of Inquiry submitted its first report. 
Thereupon, a t  the request of the President, the Attorney General, on 
March 19, instituted action and obtained an injunction in the United 
States District Court for the Eastern District of Tennessee, pursuant 
to the Labor Mgnagement Relations Act. 

At an election conducted by the National Labor Relations Board, on 
June I and 2? the em loyees, by a vote of 171 to 26, voted not to accept 

on June Il? pursuant to Section 210 of the Labor Management Rela- 
tions L4ct, the injunction was discharged on motion of the Attorney 
General. The parties continued negotiations, a i t h  the assistance of 
the Federal Mediation and Concil~ation Service, and on June 15 
reached agreement on the terms of a new contract. 

the final offer of sett I; ement as made by the employer. Consequently, 
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The facts concerning this labor dispute are set forth in detail in 
the first, and second reports of the Board of Inquiry which were 
t,,l~smitte~ with the message of the President to  the Congress (House 
Doculnent $26, 80th Congress, 2nd Session). The position of the 
Commissioll with respect to labor relations in the atomic energj- pro- 
oram 113s been set forth in its reports and testiniony to the Joint Com- 
ilittee on &omic Energy and in its statements submitted to the Board 
of Inquirv appointecl bs the President under Executive Order 9934. 
This posiAon may be summarized in brief as follows : 

~i~~ commission decided at the outset of its tenure that the neces- 
sary pace and level of progress of the atomic energy program could 
be only through the enthusiastic support and drive of broad 
sectors of the American economy. Accordingly the Commission 
decided that major operations should be carried forward by non- 
go17ernmental contractors, both industrial and academic, with respon- 

to those exercised in their private activities. A year and 
a half of experience has strengthened the Commission’s belief that this 
is bv all odds the best way to advance this new technology. 

By carrying forward major operations through private contractors, 
EitG deep roots and a firm base in the American economy, the atomic 
enera program not only benefits from accuniulated experience and 

resources, but also enlists the interest and support of in- 
dustries and universities for future private development. Corres- 
pondingly, the Government machinery for supervising the enterprise 
is kept at a minimum. 

The Commission has sought actively to obtain voluntary agreement 
bv its contractors and by the labor organizations representing their 
employees on an over-all labor relations program that would include 
positive assurance against TTork stoppages. 

If accepted voluntarilv, such a program would have much to rec- 
ommend it. But it is th‘e Commission’s view that imposition by the 
Commission of a labor relations program, not accepted voluntarily 
would seriously impede the support and drive required to push ahead 
rapidly in this enterprise. 

Consequently the Commission feels that legislation directed toward 
a special labor policy for the atomic energy enterprise would not be 
desirable a t  this time. 

In  his recent message to the Congress (H. Doc. No. 326, 80th Cong., 
2d Sess.) the President stated his intention to establish a commission 
to concern itself with the broad code of conduct which should be 
observed bv nianagenient and labor in their relations with eacll other 
in this v i td  program. The message further stated that the President 
Todd request the advice of the Atomic Energy Commission and the 
Joint Committee on -4tomic Energy, both as to the membership of 
the commission and the specific questions to be studied. 

e. slbility and commensurate authority for managerial decisions 

For obvious reasons, the great plants at Oak Ridge and Hanford for 
manufacturing fissionable niaterid and the laboratories a t  Los Alanios 
for fabrication of these materials into weapons xere in wartime built 
In locatioiis remote from tom-ns and cities. It was necessary to estab- 
lish a t  each of these centers living quarters, supply stores, and com- 
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munity facilities for the people Tho carried on the work in the plants 
and the laboratories. 

Hence, the Commission took over, as part of the atomic enerm pro. 
duction and research enterprise, the management of three ton?ls-Q& 

and Los Alamos, N. Mex. (8,000). 
The Commission believes that it is important that the affairs of the% 

towns be carried on and their development pointed in such a way as 
to give the people who live there-and whose work makes the pro- 
duction program possible-a growing opportunity to live as nearly 
the normal life of Americans in an American communit as the Special 

Federal Treasury of town operation be known and be not excessive. 
During the past 6 months the Commission has examined the opera, 

tions of these three towns. Each developed separately during the 
war, and the policies of operation differed. In  each, in order to at- 
tract and hold the qualified people for the plants at  remote localities 
there was a heavy element of subsidy of costs of housing and corn. 
munity services. The Commission's analyses have been made with 
the objectives of finding ways of (1) reducing subsidies and eliminat- 
ing excess costs and services; (2) getting precise and comparable 
fiscal information for all three communities through uniform account- 
ing systems and policies ; (3)  separating from governmental services 
the real estate and commercial operations. 

On April 15 the Commission authorized the employment of inde- 
pendent public accountants to develop and install suitable accounting 
and reporting systems for the town management functions carried 
on by contractors at the three AEC towns. These new procedures 
will make it' possible to have financial statements for the town man- 
agement operations prepared on a comparable basis for the three 
installations, and will provide the Commission with accurate infor- 
mation concerning the allocation of costs between housing, commer- 
cial facilities, utilities, and other services. The work has been sub- 
stantially completed at Oak Ridge and is under way at Los Alamos 
and Richland. 

Ridge, Tern. (population now some 36,000) Richland, Wash. (30,m) f 

circumstances will permit. It is also important that t i e costs to tile 

RICHLAND 

A program is being worked out at Richland to enable private busi- 
nesses, at  their own expense, to construct buildings on Government 
land for the additional commercial operations required for the ex- 
panding permanent town of Richland. Long term leases or licenses 
will be entered into with the persons erecting the buildings and 
operating the commercial establishments. 

O A K  RIWE 

The Commission announced in June the decision to remove the town 
of Oak Ridge from the controlled area near the end of 1948. When 
this is done, Oak Ridge will be in the same status as Richland, where 
many of the persons employed at  the Hanford Works live. Richland 
has been an unfenced town ever since it was built during the war. 
The production plants at Oak Ridge, as at  Hanford, will of course, 
continue to be in controlled areas. 
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LOS ALAMOS 

_kt Los Alamos, to speed progress towards more nearly normal coin- 
nlullity life, it  is necessary to remove present doubt over whether part 
of tlie Project area is under exclusiye Federal jurisdiction. 

Of the 69.000 acres in the Project area, soine 65,400 were transferred 
from the United States Forest Service, either directly or through the 
~~,lallhattail District, to the Commission. It appears that this land 
remains under the jurisdiction of tlie State of Xen- Mexico. The re- 
maining 3,600 acres x-ere bought in fee b? the Manhattan District 
fronl private owners, and vere later transferred to the Conimission. 
T11e sinal1 parcels of land comprising this 3,600 acres are scattered 
tllrOughout the Project. Although the matter has not been decided 
in the courts, it appears that, owing to the manner of acquisition, these 
parcels fall under Federal rather than State jurisdiction. 

Since much of the land in the residential section of Los Alarnos is 
in this doubtful jurisdictional status, man? residents may not have 
access to the normal judicial processes of countr and State. TI& 
uncertainty hinders growth of effective cornmu&ty governmelit, a 
uniform system of lam enforcement, and the setting up of adequate 
safeguards for private rights. 

To clear the \%-as to these desirable ends, the Commission hw decided 
to request Federal legislation returning to the State of New B$exico 
jurisdictioll over those 3,600 acres n.hich now appear to be under 
exclusive Federal jurisdiction. 

PATENT COBfPEXSATIQN BO- 

Section 11 of tlie Atomic Energy Act provides for the designation of 
Patent Compensation Board. This Board is to have the responsi- 

bility for considering, pursuant to procedures which the Commission 
establishes by regulation, applicatioiis for the determination of reason- 
able royalty fee, just conipensation, or the rant of 811 award for 

the recommendation of the Commission’s Patent Advisory Panel, the 
Commission has now adopted general rules of procedure to govern 
such proceedings. These regulations were published in the Federal 
Register for June 24, 1948, after revisions \Thich had been made in 
the light of comments submitted by interested persons in response to 
the earlier publication of the regulations in draft f o m .  The members 
of the Patent Coiiipeiisation Board have not yet been designated. 

patents, inventions, and discoveries, as speci !! ed by the Act. Upon 



APPESDIS 1 

REPORTS OF USERS O F  ISOTOPES 

(.I) IX Uh’I\ERSITIES, PRIVATE RESEARCH ISSTITT;TIOSS, HOSPITALS, AXD 
GOVERShfEST LABORSTORIES OTHER T H A S  AEC 

( B )  IX AEC PROJECTS 

Rep?m-lzlced here in part are sever& hundred reports on work done 
by users of isotopes in 136‘ institutions in the Umited States and Hawaii 
and by nine of the Commission’s contmctors. They are presented in 
the lan.gmge of the scientists who submitted them, without translation 
of technical t e m m  To the layman, they indicate the significance and 
scope of the work being done wi th  isotopes and the expansion of Ameri- 
cm scientific ef fort  that is  resulting from the liberal attailability of the 
Tim research tools. 

will be noted that a majority of th8 wsers of isotope8 ure not  now 
pepared to interpret or evaluate the results of their work. Within the 
qlmt few years, however. m o s t  of t h s e  research projects will have been 
yeported upon and added to the Nation’s scienti@ literature, along with 
the  more t h n  600 scientific papers li-qted in Appendix  5. AZtFLough 
th.e fundamental nature of m o s t  of the work makes i ts  p o p l a r  presen- 
tntion d i f i d t ,  the daily and pe.piodica2 press and the radio-broadcast 
indmtry ?nay be expected to coiztiwe mid expand their presentation 
of developments related to atomic energy in a form adapted to  public 
11 e ell’s. 

( A )  USES OF ISOTOPES IN UKIVERSITIES, PRIVATE 
RESEARCH INSTITUTIONS, HOSPITALS, ,4ND GOVERN- 
MEST LABORA4TORIES OTHER THAN AEC 

BIOLOGICAL AND MEDICAL RESEARCH 

( AX’INAL PHY SIOLOGT ) 

Americmz. C yurtamid Company, Stmzf ord, Conn.-We have been 
coiiceriied wi th  incorporating radiocarbon ( C  14) into folic acid, a 
ritamin. I n  another phase of our work we have used radiostrontium 
cSr W. 90) in the study of oxytocic properties of strontium. We 
were able to s h o ~  with pregnant rats that  the amounts of strontium 
in the fetus are sufficiently large to make it inadvisable to use strontium 
U S  mi oxytocic agent. 

Ciochemical Eesemzch Foundation, Arewar,%, Del-Radiosulfur 
!S 35) has been used for the  biological syntliesis of glutathione con- 
taining S 35 by feeding it to  the yeast in a culture medium in which 
the only source of sul fur  was the  S 35 as sulfate. T h e  radioactive 
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ulutathione is being used for tracer stnclies in rats in different states 
of nutrition. Glutathione is a naturallp occurring body substance, 
and it is hoped by these studies to find out something about its 
function in the body. Animal experiments have just been startecl 
in xhich the object is to produce rxclioactiye glutathione spt l le t ical l~ 
as a prelude to the production of radioactive insulin, the mechallis& 
of which in the treatment of diabetes is unknown. 

I n  another investigation radioactive sulfur has been used fo r  the  
chemical s_viithesis of cysteine, a sulfur containing ,.linin0 acid. The 
cysteine has a radioac6vity of about 1.5 niillicurles per grain nftey 
the time required for its synthesis and is being used for tracer stllciies 
in rats. 

Radiophosphorus (P 32)  treatment of animals has been carried out 
in order to compare the cellular effects of a radio conipouncl wit11 
direct, neutron effects which we had previously observed. 

Bowman Gray S c b o l  of Meclici?? e, TPi27stoir-Xalei?~, A?. C.-J%Te have 
been using radioactive phosphorus (P 32) to study the formation of 
phospholipids in animal tissues. Phospholipids are f atty-like sub- 
stances containing phosphorus which are present in  all living cells 
and which are probably very important for the well-being and the 
proper functioning of the organism. I n  the present investigation, 
it has been shown that the formation of phospholipids in the liver 
and intestine is stimulated by a number of substances, some of vhich 
are components of the diet. These results may be of interest in rela- 
tion to the symptoms and treatment of certain diseases of the Iirer 
in humans. 

University of California, Berke7ey, Calif.-Radiosulfur (S 35) and 
radiocarbon (C 14) have been used to study the persistence of protein 
formation and breakdown in the whole animal and its isolated tissues. 
I n  the whole animal it is possible to obtain indications of this forma- 
tion and breakdown, but in its isolated tissues isotopic amino acids 
provide the only reliable indication of such processes. Consequently, 
complete reliance is placed on the isotopic technique. B f  ter studping 
the normal pictiire, we are becoming more concerned with the efiects 
of deviatsions from the normal resulting from effects of other amino 
acids, starration, hormones? etc., on the system. When the picture 
is more complete we hope to hare attained a better conception of pro- 
tein metabolism. 

Amino acids in the body proteins can be formed from the trans- 
formation of other amino acids and eren from non-amino acid coni- 
pounds such as carbohydrate and fatty acid. The problem of the 
mechanism of protein synthesis can only be adequately studied by the 
labeling techniques with isotopes. 

The follov-ing results of outstanding interest have been secured : 
1. Amino acids can be incorporated by enzymatic reaction into 

the fragments of disintegrated cells as long as these fragments 
can utilize oqgen .  This discovery gives hope of determining and 
pixrifying the enzpiatic components necessary for the synthesis 
of proteins. 
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cancerous tissue is ahle to secure a dis- --- -~ . 

proportionate share of the available nutriments and thus tends 
to starre the normal tissues of the body. 

Radioiodine (I 131) is being used in studies of thyroxine synthesis 
bv the th:-roid gland and, in general, the mechanism of action of the 
thvroid gland in health and dlsease. 

$adiophosphorus (P 32)  is being used in studies of phospholipid 
,,,,tabolism, name117 to  determine the site of origin of this lipid in 
,]asma, its fate in iissue, etc. 

Radiocarboll (C  14) is being used in the sviithesis of palmitic acid 
and glucose; the metabolism of both are being followed in the normal 
alld diabetic animal. 

Radioactire isotopes of yttrium, columbium, and zirconium have 
been used in the study of the localization of radioactive isotopes in 
&ain specific animal tissues and organs, both for the purpose of 
st.udTing the biological effects of special tissue irradiation and for the 
therapeutic value of such localized irradiation with such isotopes. 

Radioarsenic (As 74) has been used in distribution studies in 
aliimals that have developed an immunity to arsenic and to determine 
paths of excretion in the dog. 

Radiocarbon (C 14) has been used to study the distribution and 
excretion of methadon and other morphine substitutes in mice and 
rats and the relationship of tissue levels to pharmacologic activity. 

California Znstitu.te of Technology, Pasadena, Calif.-As part of 
:I study of protein and peptide metabolism, lysine was synthesized 
~ i t h  radiocarbon ( C  14). It has been found that one thousandth of 
a milligram of lysine is converted to alpha-aminoadipic acid per 10 
milligrams (dry weight) of guinea pig liver homogenate per hour. 

In  another investigation it had been shown that arginine may be 
xvnthesized by the transfer of the amino group of glutamic or  aspartic 
k i d  to citrulline. Since lysine was also active, it was suggested at  
the time that  it was first converted to glutamic acid which then ami- 
nated citrulline. Hoveuer, experiments in liver homogenate with 
lpine labeled with C 14 showed that a radioactive dicarboxylic acid 
was fornied. This excluded glutamic acid formation by oxidative 
removal of the radioactive carbon. Alpha-aminoadipic acid has now 
been sliown to be very probably the product of the reaction. 

M'e are using radiocarbon (C 14) as a tracer in studying the mecha- 
iiisni of protein spthesis in biological materials. This work would be 
impossible without some such tracer as C 14. As protein is one of the 
major components of all its catalysts and many of its hormones, as 
Re11 as in structural tissues, the value of getting some information 
on the mechanism of its production in the tissue is obvious. 

We have so f a r  been able to work out the major steps in the metab- 
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olism of the essential amino acid, Iysiiie, and h a ~ e  also isolated a 
number of peptides m-hich appear to be intermediate in both the Syn- 
thesis and clegradation of proteins in tissues. 

The present prowam involves the study of escliange reactions be- 
tween carbon 14 lateled leucine and antibody globulins. It lias been 
found that such proteins will incorporate the labeled leucine in the 
body and also in the test tube proriding a suitable e n z p ~ e  system js 
present. Such studies have also given inforiliation as to the rate of 
antibody formation and tlie amount of stored or reserve untibodv. 
The in vi290 exclmige reactions do not take place with foreigll prb- 
teins, e. g.? horse globulins injected into rabbits containing labele(1 
leucine. 

Such studies of the formation, destruction and state of serum pro- 
teins in the body would of course be iinpossible without the aid of 
isotopes for tagging definite molecular structures. Tlie C 14 isotope 
is one of the most valuable for  this IT-ork. 

University of Southema California, LOP Angeles, Calif.--Radio- 
phosphorus (P 32) is being used to study nucleoprotein turnover rates 
in tissues in vitro and the correlation of this process with cellular 
metabolism. Radioiodine (I 131) is being used in studies to determine 
tlie nature of blood and tissue iodine containing compounds and tlie 
iiietabolism of thyroxine. 

Attempts are being made to study cholesterol turnover as related 
to the development of arteriosclerosis, by means of using deuterium 
as a tracer. 

Deuterium is being used to label the fatty acids of linseed oil in 
tracing their incorporation in phospholipids of the gastrointestinal 
tract and liver. The amounts iyhich are incorporated and the speed 
of incorporation are being studied. 

KO results have been obtained as yet. 

Caynegie Z.rw.titziticn of Washington, Wavhingto.12, U .  C.-Radio- 
isotopes are particularly valuable in permitting study of important 
mechanisms of living matter. Results of research are as follows: 

Radioiron (Fe 59) has permitted discovery of a method by mhich 
fetal iron is derived from maternal plasma. I n  contrast to the classical 
conceptioii of the destruction of the red blood cell, it  has been learned 
that ferric beta globulinate of the plasma is a sufficient source of fetal 
iron for grox-th. 

Use of Fe 59 has led to the elaboration of a method permitting 
accurate aiid precise biological assay of extremely small quantities ot 
this substance. 

The rate of escape from tlie plasma of Fe  59 in the form of ferric 
beta globulinate has been determined in an effort to elucidate the 
mechanism of transport of proteins across tlie capillary wall. 

Studies have been made of the mechanisni of bone and tooth forma- 
tion using radiocalcium (Ca 45) .  Tlie work has demonstrated the 
key role of the interaction of thyroid in calcium deposition. 

A study has been made of phosphorus uptake of the ciividing cells. 
The work indicates an important correlation between cellular actiritg 
as evidenced by cell divisioii and radiophosphorus (P 32)  uptake. 
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cipdQ?os o# Leba?inn Elospitu7, Lo8 Ange7es. raZif.-~aclioacti~-e 
sodium (Ea  24) is an excellent rehicle for studying tlie flon- of blood 
in the bodp. Radiocardiography has been dereloped here as n rapid, 

curate method of tracing the blood flov through the chambers of 
tile burnan heart. The tracing reveals graphicallr the conclition of 

l,rniping action of the heart Tithin one minute after injection 
that enlargenlellt: f d u r e ?  or  normalcy are easih seen. The ding- 

s of particular tFpes of coiipiital defects in &ldren’s hearts is 
1 in the process of developlent. 
ther aspects of the circulation are also being aiialvzed Kith regard 

to returll of venous blood from the feet to the heart, factors usually 
causing error in the older forms of circulation time studies, and the 
rates of absorption into the general circulation of substances injected 

Radioactive phosphorus (P 32)  has been used to label red blood 
cells in additional research on the coronarv circulation (of tlie heart). 
TI& type of inwstigation traces the spe& distribution and collec- 
tion of the blood in the heart muscle after coronary occlusion and in 

f 

I shock. 
I 

Cedars of Lebanon Research Institute, Los Angeles, Cal i f . -h  in- 
\-estigator who has been using radioactive phosphorus (P 39) and 
iodine (I 131) to study the efhct of radioactive isotopes on bacterid 
@rovth reports the following: 

The study was instituted because of tlie failure of growth of stepto- 
COCCUS viriclaiis cultures which had apparently been accideiitally ex- 
p sed  to P 32 and I 131. A large variet‘y of organisms were inocu- 
lated into media containing vaq ing  concentrntioiis of the isotopes, 
The early studies indicated that there was a selective sensitivity of 
the viridans streptococcus to the isotopes. However, later studies 
using cz mriety of inethocts indicated that this specific sensitivity did 
not exist. Tarious orgaiiisnis studied such as staphylococcus albus 
arid aureus, streptococcus viridans and hemolyticus, B.coli, B.sublilis, 
diphtheria ‘and pneumococcus were all quite resistant to the isotopes 
and in the concentrations used there was no inhibition of growth. 
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Chemical Corps Tech?zica.l Co~nmand, A m y  Chemkd Center, 
Nd.-Investigat ors state that di-isopropyl flnorophosphate has been 
shoxn to have a specific action on the enzyme cholinesterase. In  order 
to investigate the mode of action of the compound in the body, it has 
been synthesized on a niilliniole scale using radiophosphorus (P 32) 
as part of the molecule. 

ui 
a 
a 
a - University of C’hicqo, Chicago, Ill.-TTe are using radioactive 

phosphorus (P 32) as a tracer element to study the metabolism of 
essential phosphate compounds in the nervous spteni. I n  particular 
r e  are interested in tlie probleiii of nerTe fiber degeneration and re- 
generation and are testing the hFpothesis that the nerye cell body 
(spinal cord) is coiitiiiuallr sending out an essential nucleoprotein 
to the rest of the nei-re. S i k e  nucleoproteins contain phosphorus, it 

-J 
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should be possible to trace the migration of nucleoproteins by taggiiig 
them with P 32. The importance of understanding the nutrition of 
the nerve fiber? not only for basic physiological but also for medical 
problems of n e n e  injury and regeneration, is obrions. 

~ 

It has previously been found that the addition of ordinary iodine to 
the diet of rats aRorded them resistance against the acute toxic action 
of the rodenticicie (alpha-naplitli~lthiourea ( ANTC) . It T ~ S ,  there- 
fore, of interest to  examine the effects of ASTC on the iodine nleta- 
bolism of the rat. Radioiodine (I 131) studies were made to Supple- 
ment those previously made with ordinary iodine. It was found 
that ,4NTU markedly depressed the uptake of iodine by the thproid 
gland which is consistent Kith the previous findings with other 
thiourea derivatives. Studies on the rate of uptake of radioactive 
iodine b r  the thyroid tissue of normal rats demonstrated that the up- 
take of iodine is greatly influenced by the quantity of iodine in the 
diet and is only constant among different animals when they are fed 
an iodine-deficient diet. Research on iodine metabolism in the norma] 
and ANTU-poisoned animals is being continued and completion of the 
project is necessary before definite conclusions can be drawn. 

Radiophosphorus (P 32) has been used as a tracer to study the 
transformation of energy released on biological oxidation into a form 
of energy useful to the cell. Although it has been known for  some 
time that phosphate is involved in this transforniation, the details 
of the mechanism have been obscure because of analytical difficulties, 
For instance, by using P 32 as a tracer it has been found possible to  
demonstrate in cell-free extracts of liver that the synthesis of at least 
part of the molecular structure of nucleic acids is dependent on oxida- 
tions for energy. 

We are using radiocarbon (C  14) and the stable isotopes C 13 and 
N 15 in our investigation. It has been found that pyruvic acid amide, 
in contrast to other amides, is not appreciably hydrolysed in the ani- 
mal but undergoes “splitting” to acetic acid and an unknown com- 
ponent. The estent of incorporation of isotopic carbon from pyruvic 
acid into fatty acids, cholesterol etc., has been determined. This made 
possible calculation of the role of carbohydrate as precursor for other 
bodv constituents. Preliminary results suggest that pyruric acid 
togither with acetic acid is the main precursor of lipids in the animal 
body. 

Radioactive phosphorus (P 32) is being used to study the metabolism 
of phosphorus compounds in the body and in micro-organisms in order 
to determine the niechanisms of action of drugs both from the stand- 
point of their toxicitg and their therapeutic action. 

Radioactive carbon ( C  14) is being used in the biosynthesis of a 
number of important drugs. The medicinal plants are grown under 
sealed conditions and radioactive carbon dioxide is introduced into 
the system thus becoming incorporated in all of the substances of 
the plant. a f t e r  a suitable interval the plant is liarrested and the drug 
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from it. The medicinal plants being used in this program pstr j,,c~ude digitalis (digitoxin) ? the opium poppy (morphine, codeine, 
ctc.), tobacco (nicotine) the autumn crocus (colchium) and the atropa 
l,el~adollna (atropine). In most cases the production of radioactive 

in this maimer will make possible certain in\-estigations which 
could not otherKise be carried out due to the lack of sufficiently sensi- 

It is also necessary to use the isotope tracer technique to study the 
tnabolic fate of these drugs in the body since the amounts used to 

p'0 me duce profoulzd pliariiiacological effects are very small. The pres- 
rllt state of knoxledge coizcerning the metabolism of these important 
druo nS and the mechanism of their action is yery incomplete. It is not 
bolTll, for example, if certain drugs exert their effect as such or 

theeffect is a property of one of the metabolic derivatives of 
tile drug vblch is formed by the action of the body. With reference to 

latter case, researches designed to uncover synthetic substitutes 
tire made much more difficult because the chemical nature of the active 
& p t  is not known. Possibly the most dramatic example of the value 
of studies is the history of the sulfonamide drugs with the recog- 
*,ition that the activities of the original complex molecule resided in 
ti small fraction of the total molecule. Similar phenomena are almost 
certain to exist wit11 a.large number of the more complex drugs cur- 
rently used in medicine, and investigations designed to uncover t,hese 
,ituatiolls are of the utmost importance. 

drUe 
rlletll& of chemical analysis. 

This work is concerned with the determination of the uptake and 
intracellular distribution of C 14 using protozoa. I f  successful, this 
lyork should indicate the mode of origin and constitution of certain 
structures in cells which heretofore have not been possible to resolve. 

c 
University of Cincinnati, Cincinnuti, 0 &o-A group of investi- 

I3  aators has been using radioactive iodine (I 131) in the study of cancer 
of the stomach in man? and other types of cancer in animals. 

Isotopes are essential to continuation of this work. 

Investigators have been using radioactive iodine (I 131), carbon 
(<C 14) arid sulfur (S 35). 
It has been known since 1941 that 2-acetylaminofluorene causes can- 

cer in experiment al animals that resembles spontaneous cancer. 
We are also making other compounds which, it is hoped, will local- 

ize or concentrate selectively in cancer tissue. This technique should 
eiritble cancer to be diagnosed more readily and treated from within 
the diseased tissue. Partial success has been achieved with localization 
and diagnosis in animals but much further work must be carried out 
hefore the technique can be applied to human cancer. 

Coluinbicx; University, Bamard Corlege, A7ew Pork, N .  Y . W e  have 

1. To determine dosages of radioactire iodine which will de- 
used radioactive iodine (I 131) in the following two ways: 

stroy normal thyroid and neighboring tissues. 



2. To determine the uptake of ioche by the tissues of inrert,e, 
h a t e  animals which have no thpoicl glaiicl, but which lila?~ pes- 
sibly have a th~-roict-liBe function. 

In  the first investigation it was found that in mice doses of o”er 
15 to 20 millicuries of radioactivity 1)er kilogram of boc1~- weight 
destroy not only the thyroid gland. but nlso tlie parathTroid. and pro. 
duce extensive loss of the mucus lining of tlie nearbv trachea. Doses 
in the neighborhood of 5 millicuries per kilogran1. though thej- 1llay 
destroy most of the thyroid, permit its survii-a1 and eventual regenera”. 
tion. The parathyroids, howex-er, are irreversibly injured and the tra- 
cheal epithelium is lost. One of the suggestions arising from this work 
is tlie usefulness of radioactire iodine, properly administeiwl, for  non- 
surgical removal of the thyroid gland. The quaiititatire data may 
be of use to physicians in understaiiciing the limits and hazards of 
clinical use of radioactix-e iodine. 

In the second investigation small amounts of radioactive iodine were 
b (riven to a number of inrertebrates iiicludiiig protozoa, hydra, flat- 
worms, annelid worms, clams, snails, lobsters: daphnia and ostracods. 
By use of the Geiger counter and radioautography it was determined 
that almost all forms are able to concentrate iodine in some part of the 
body to a degree almost equal to the thyroid glantl of 1-ertebrntes. 

Golundia University, brew Yo&, N .  P.-Our investigation is de- 
signed to deterniine the metabolic fate of representative barbiturates 
labeled with radiocarbon (C 14). These drugs are extensively em- 
ployed in medicine as hypnotics, f or preanesthetic niedication and for 
psychiatric examination or “narcoanalysis?’. Thus far the metabolic 
products of these xidely-used drugs have resisted isolation and iden- 
tification by traditional methods. It is our belief that the use of 
isotopes will make possible the elucidation of the structural changes 
which the barbiturates uiidergo in the organism. 

An investigator who has been using radioactive ions to study the 
exchange of ions across nerve membranes states, “The use of radio- 
active material may become a turning point in the development of re- 
search on the mechanism of nerve activity.” For half a century, neuro- 
physiologists hare assumed that ion movements across the nerve meni- 
tiraiies play an essential role in the electrical inanif estations observed 
durisg nerve activity, but there has been no way of studying such 
movements. The availability and use of radioactiye ions for the 
st,udy of this problem has changed the situation fundamentally. Sig- 
nificant results have already been obtained. In continuation of these 
inrestigxtioiis, a project has been worked out which may become of 

c-7 Ereat imuortance for the understandinn of the basic mechanism of c 
6 iierve ach-ity aiid eventually for the plixmncology and the trest- 
a inent of nerve disorders. c2 

- 
G Come71 Unicemity Nedicul Go77egc, iYew York, A’. I’.-The amino 

:icid methionine is of uiiusual strategic importance in the maintenance 
of health because of its multiple functions in the animal body. It is 
:m essential building block in the structure of living tissues! it supplies 
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tj le sulfur for  the formaticm of ;uiotller' essential building block. CJY- 

tine: and it serves as n source of the methyl groups tiscl in the forma- 
tioll of n variety of indispensable ~ o i n p o ~ ~ i d s .  F ~ i l l  tuiderstanding 

tile cletailed renctions whereby methionine fulfills its functions, m d  
Ilence the intelligent unclerstandiiig and inaiiagernent of diseases that 
can result fro111 a disturbance of these functiohs, such as cirrhosis of 
tile lil-er. can ozlly be achieved through the use of isotopically labeled 
,,ptllirJiiine. The same may be said with i*espect to the exceptionally 
,ote11t7 ritamin, biotin, which is also uiider investigation in our labora- t tor)'. 

31pthionine coiit aiiiing radiosulf ur (S 35 ) has been synthesized in 
labomtory and is being used to study the basic defect in the animal 

body responsible for the symptoms of the hereditary disease cystinuria. 
i t  i p  also being iised to extend our earlier studies on cystine formation 
collcfucted with methionine containing both S 3-1 mid C 13. 

Jlethionille containing radiocarbon (C 14) in the methyl group has 
beell spitliesized and used to demonstrate that  a considerable portion 
of the ecseiitial inethyl group is rapidly destroyed in the animal body. 
AS a n  adjulict to this problein, it has been shown, through the use 

of C 1-4 that the source of carbon used iii the formation of urea, the 
1:L:iiii nitrogenous product of the body is carbon dioxide. 

Biotin containing C. 14 has beeh synthesized and is being elnpfoyed 
to track down the iiatuw of the essential cheinical reactions for which 
this vitamin is responsible. It is also being used to study tlie distri- 
bution and stability of the T-itnniin in the body and the rate of its 
excretion. 

Depar tment  of' the  A w ~ t y .  Uedicnl Depa?9?wnt Field EePearch Lab- 
oratory? F o ~ t  A7?aox7 Ey.-While it is generally believed that thyroid 
function is increased in cold enT+onnients, the evidence on which this 
view is ba'sed is fa r  from clear-cut. 

The most recent studies on this subject showed by an indirect method 
that thyroxine release from the thpoid gland is increased in a cold 
environnient. Radioactive iodine (I 131) was used to estiinzte the 
activity of the thproid gland and the coiiclusion was reached that 
exposure of rats to cold (Oo-20 C)  for various periods of time pro- 
duces a thyroid st,imulation which is doubtful after 1 to 3 days, definite 
after seven days? inasinzal a t  26 days but absent aft,er exposure for 

These conclusions were based on a study of the uptake of radioactive 
iodiue by the thyroid gland and its conversion to diioclotyrosin a n d  
thprosine. 

In  most esperinieiit s a moderately large ainouiit of carrier iodide 
T T ~ S  used ( 5  micrograms) and it was shown that after exposure to cold 
the uptake of radioactive iodine and/or its conversion to diiodotprosin 
and thyroxine was increased a t  first, but returned to normal after 40 
days. 77'ith s~xialler amounts of carrier (0.2 micrograms), however, 
a decreased uptake of radioactive iodine Fas obtgined during the 
first seven dars  of exposure to cold. 30 longer time iutervals were 
studied and i;o esplnnation given for the observation. 

The esperimental ex-idence on which these early workers based 
their conclusions appear far from conl3ncing and thus -: reinrestipa- 
tion of thproicl frinction after exposure to cold seemed necessary. The 

40 days. 
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supposed absence of thyroid stimulation after exposure to cold for 
forty days or longer is a point especial17 in need of either confirma.. 
tion or correction. 

for periods 
up to 50 days and to study their thyroid function bF measuring the 
uptake of true tracer doses of radioiodine (no carrier added) and 
also of large doses of iodide. 

The first procedure will serre as a true label of the course of en- 
dogenous iodine while the second one will measure the thxroidk ca- 
pacity to take LIP exogenous iodine. 

A third procedure which is contemplated for use as a measure of 
thyroid function is the determiiiation of protein bound radioactive 
iodine of the plasma. 

These experiments should furnish good evidence as to  whether or 
not thyroid function is really stimulated bj7 the cold and whether or 
not this stimulation persists. 

It is intended to expose rats to a temperature of @"-.2" 

Detroit Institute of Cmxcer Resmrch, Detroit, Mkh.-Radiocarbon 
(C 14) has made possible for the first time a detailed study of the 
distribution and metabolic alterations of carcinogenic hydrocarbons 
beyond the point where the characteristic fluorescence of such com- 
pounds is lost. By means of these experiments we believe it will be 
possible to study the changes involved in the production of cancer in 
experimental animals on a more fundamental basis than has hereto- 
fore been undertaken. 

DistiZZation Proa?u,cts, Inc., Rochester, N .  P.-Radioactive carbon ( C  
14) has been used in this laboratory for synthesizing radioactive alpha- 
tocopherol (vitamin E). Studies are now under way to-determine 
the distribution, utilization. and metabolism of this compound in the 
animal body. The use of such a labeled compound enables us to detect 
smaller amounts than can be detected by chemical means and also 
enables us to determine the fate of a given dose of this compound 
despite the large amounts of this vitamin normally present in the 
non-radioactive form. 

Emory Unit-ersity, Emory University? Ga.-Radiosodium (Na 24) 
has been used to investigate the status of the circulation of blood in 
the extremities. The method used has consisted of injecting mdio- 

C- active salt solution, sodium chloride, into the muscle and measuring 
c the rate of its disappearance by the circulation. I n  this manner a 

diagnosis of the degree of impairment of the circulation can be made. - cz Critical evaluation of drugs and procedures which are generally - believed to improve the circulation can be objectively studied. 
Iv 

General Foods. Corporation, Hoboken, hT. J.-A great man iron 

order to obttlln more information on the physiological availability of 
these compounds: several of them, both soluble and insoluble, mere 

compounds have been used in mineral supplements for livestoc i! . I n  

p e p r e d  frc 
to cattle, an' 
,oullterr. II 
&sorkd bx 
STere obserc 
For exaniplt 
P hate -ivhicl 
oxide. SUC 

feeding. 
A study 11 

of water SO: 
zillc chlorid 
white rats : 
and feces 01 
dietar37 zinc 
most suit ab- 

cons tit uen t, 
copper carb 
(Cu 64). ' 
in supplyill 
feeding of 
specified cc 
determined 

When sa 
pounds, mi 
This difficu 
but it remn 
in supplyin 
was used tc 
and to heifc 
to be physj 

conlpoun~s 

,4~though 

Georgeto 
active calci 
the distribl 
fer in theii 
calcium wlr 
termine tht 
human tun 

These st' 
retained in 
form and : 
than the w 
concentrat, 

This lint 
nietabolisn 

%amam 
have been 
determinii 



UXITED STATES ATO&TIC ENERGY COMhfISSIOhT 69 

ared from radioactive iron (Fe 55,59), fed to both white rats and 
Eo cattle: and traced through the animal system by iiieans of a Geiger 
,,Ullter. 111 general, the soluble iron coinpounds were niore reacllly 

c;orixd bv animals than the insoluble conipouncts but diff ereiices 
obser<ed in the availability of the Ti-ater-insoluble compounds. 

For esanlple, iron sulfate was m'ore readily absorbed than iron phos- 
hate KlGch in t u p  seemed to be a better source of iron than iron 

P 
cornpounds to be incorporated in mineral supplements for livestock 
fpeding. 
4 has been made of the comparative physiological availability 

,iKater soluble and insoluble zinc compounds. Zinc carbonate and 
zinc chloride made from radioactive zinc (Zn 65) have been fed to  
,yllite rats and to cattle. From an examination of the blood, urine 
and feces of these animals, it seeins that, both are suitable sources of 
dietary zinc. Such findings serve as a guide in the selection of the 
moa suitable zinc compound for mineral supplements. 

glthough requirements are very low? copper is an essential dietary 
constituent for livestock. The physiological availability of copper in 
copper carbonate has been determined by the use of radioactive copper (cu 64). This water-insoluble compound was shown to be effective 
in supplying copper which appeared rapidly in the plasma soon after 
feeding of the compound. By such tracer studies, the value of the 
specified compound as a mheral  supplement for cattle may be 
cjetermined readily. 

l\%en salt blocks for cattle are iodized with soluble iodine com- 
pounds, much iodine is lost upon exposure to atmospheric moisture. 
This difficulty is avoided by using water-insoluble iodine compounds, 
but it remained to  be shown whether such compounds were effective 

Radioactive iodine (I 131) 
was used to synthesize dithymol diiodide which was fed to white rats 
and to heifers. The iodine in  this water-soluble compound was shown 
to  be physiologically available for use by tlie thyroid. 

prep 

Bbb 

Such studies will serve as a guide in the selection of iron 

supplying iodine to the animal system. 

Georgetown Oniuersity Medical School, Washington, D. Q.-Radio- 
active calcium (Ca 45) has been used in animals to determine whether 
the distribution of compounds of calcium which are water-soluble dif - 
fer in their beharior and distribution in the body from compounds of 
calcium which are oil-soluble. This isotope has also been used to de- 
termine the utilization of calcium ions by various forms of anillla1 and 
human tumors. 

These studies have sllowll that the o i l -~ lub le  fornls of calcium are 
retained in the body for longer periods of time than the water-soluble 
form and are more apt to be distributed to the soft parts and bones 
than the n-ater-soluble form. They show that several forms of cancer 
concentrate the calciuni ions. 

This line of illvestigation has proved important in the study of tlie 
nletabolism of calcium in both iiornial and nialignant tissues. 

aa?'Vard S c k d  Of Dentd Medicine, Boston, Nms,-(Jur studies 
have been designed to test and improve various a\-ailable methods for 
determillillg the quantities and distribution of radioactive phosphorus 
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(P 3F) in the eiiamel aiict cleiitiii after the raclionctive material has 
beell injected intravenouJJ-. T h e  best method for sep:mting eiianiel 
:Lnd delitiii in relatirely lniye quantities consists of po~der i i i g  the 
rrowiis of teeth and ceiitrif uiiiig the resultant mixture in bromoform. 
The heavier eiianiel particles collect at the bottom while the cIeati11 
particles arid particles frolil the dentine-enainel juilction float on the  
surface. Thus tlie radio2ctii-it;V of these tm-o smiples can be in&- 
pendently determined. Our tests halye s1io~~i-n that the radioactivitv 
of the enamel thus prepared is a true value c1;aracteristic of the orerail 
activity of the enamel. tlia t i10 mclioactix-itT is present in the bromo- 
form usecl, and tliut no racIioactiJ-e dentin particles are contaminants 
of the enamel. The samples of deiitiii and eiiaii~el prepared b$ this 
method represent an average value since d l  regions of the dentin and 
of the enaiiiel are represented in the fiiial samples. 

More accurate methods for the localization of the radioactivity in 
each of these tissues has been possible through the use of the radio- 
autograpli. Grotuiicl sections oi' teeth or of sections through tlie -jaws 
were made by a rapid plastic: cinbedcliiig method; these were applied 
against selected types of photographic film to allow the radioactivity 
of the sections to produce iiiitlges roughly characteristic of the amount 
and distribution of the actii-e materials. 

A t  best radioautographs were useful to demonstrate relative distri- 
butions of the radioactive inaterials without presenting accurate de- 
terniiiiatioiis of the esact :ictii-itF of a unit weight of any region in a 
unit time. To acliiere this result i t  x-as found possible to remove 
small sai-nples of enamel and dentin by dianioiid drills froin carefully 
selected and representative regions of the enamel and dentin a t  various 
distances from the surface of the teeth or from the pulp. The activit 
of the various regions of the teeth prepared in these studies was sud 
ciently great that samples as small as 2 and 3 milligrams could be col- 
lected with satisfactory accuracy. 

The results of these t h e e  methods have been denmistrated to be 
sufficiently satisfactory in repented tests to merit their use in extensive 
experiments on the nietabolim of the hard dental structures. It is 
obvious from these experimerits that  the surface enamel and the sex- 
ondary delitin of erupt ed teeth have become highly radioactive and 
that the @sternal dentin and the internal enamel hare  but slight 
,zctiritly in comparison. At. present sufficiect experiments have not 
been perfoimed to merit the iu:erpretation of what the results mean 
in  terins of the relative routes of metabolism in enamel and dentin. 

Harca?d Medica7 Xcl~ool. Bo.';.fo?i Jf tus.-We have been using radio- 
phosphorus (P 3 2 )  to study tlie phosphorus turnover in carcinoma 
of the hul1ia11 stomacli. 111 connection with this investigation we are 
ctereloping an i n t r a p t r i c  counter. We are carrying 011 spectrographic 
studies of gastric tissues aiicl gastric tumors and other types of bio- 
logical tissue. Metliods of determining and measuring small amounts 
of clirorninm in tissiw are being perfected. We are also carrying on 
partition studies with P 32 on the blood of cancer patients. 

In another program we are studying the nietabolisni of di-hTdroq- 
proline, ornithine, niethylene-labeled succinic acid, sorbitol and glu- 
conic acid, tlie latter two being in the diabetic rat. As a part of the 
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\\Te lzave been using deuterium as a tmcer in the study of carbo- 
ilrclrate and fatty acid metabolism of heart muscle: in intact animals 
a;ld The method has involved enrich- 
ment of the bodF water x i th  deuterium oxide, isolatioii of glyco-gen 
rind fatty acid from the heart niuscle u t  intervals after such enrich- 
ment, and determination of tlie deuterium concentration in the samples 
isolated. From the rate of incorporation of deuterium into these 
substances from the body water it is ossible to  calculate the rate of 

llormonnl deficiencies upon these rates of synthesis is under study. 

heart -lung preparations. 

spt]iesis of the substance. The in P uence of certain Titamin and 

IITe have been using radiocarbon (G 13) in our investigations. One 
jIlrestigatioi1 has been concerned with iiiaking a comparison of the 
r;lte of oxiclativn of carboxyl-labeled succinate in the normal and 
:&winleetomized rat .  Another problem pertains to a coinparison 
of the rate of incorporation of radiobicarbonnte into the liver slice 
protein of the normal and adrenalectomized rat. A study is also 
being made to determine the utilization of C 14-lztbeled glucose by 
isolated muscle from hppophysectomized rats. 

i 

An investigator n-110 lias been using radioactive sodium (Na 24) to 
study the rate of formation of cerebrospinal fluid in mail states that 
the results thus f a r  are throwing light on the cause of a number 
of obscure disorders affecting the brain. The patients are those in 
whom an increased pressure has developed inside the head. This 
pressure has been caused by an imbalance in the formation and absorp- 
tion of the cerebrospinal fluid within and outside the brain with 
accumulatioii of an excess of fluid. 

Aii iiir-estigator has been using radioactive iodine (I 131) to study 
the rate at n-liicli aqueous humor flows out of the eye. It was found 
that the aqueous humor is secreted into the eye from the blood and 
that most of it leares tlie eye by a simple flow process. This study 
is important from the stniiclpoint of devising trextmeiit for glaucoma. 

It is our purpose to stud1 the kinetics of respiration and circula- 
tory function in normal subjects and in patients with various types 
of pulnionarv or cwdittc and circulatory failure. This involves a 
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long preliminary period of study (a)  to  perfect physical methode 
of measurement, and technique and (b)  to establish the normal absoq': 
tion curre fo r  radioactive argon ( A  37) to other gases. 

Ha rv urd Fniv e rsi t y , Cam b ridge, Mass .-Ra di o a c t i re  silr er miU 
be used shortly to investigate the acldition of inorganic ions 
to a protein urease and the effect of such addition on the enzymatic 
activity of urease. If successful, the results of this investigation will 
contribute to  the understanding of enzymatic rertctioiis which play 
a very important role in almost all biologfical processes. 

Interest concerning tellurium compounds has arisen from time to 
time, with their application as a therapeutic agent to  stop the night 
sweating of tuberculosis patients, in the treatment and cure of syphilis 
and more recently with their increased industrial use. 

Most previous'investigations concerning distribution and excretion 
of tellurium dealt with the administration of rather large amounts, 
because no suitable method was available for the detection and quanti- 
tative determination of tellurium in minute quantities. By using 
radioactive tellurium, vie have been able to study the fate of this 
element after administration of much smaller doses (0.1 to 0.5 milli- 
gram per kilogram of body weight) and to determine the main storage 
sites and excretion data. 

Our work which will utilize radiocarbon (C 14) is still in the 
synthetic stage, i. e.? the production of compounds containing C 14. 
These will include fatty acids, fats and glycocyamine. When avail- 
able they will be used to study the problems related to fa t  metabolism 
as well as to the general problems of intravenous feeding. 

Haward iliedical Scho7-Massachusetts GemraZ Eospital, Boston, 
Mass.-Tlie radioactive potassium (K 42) employed in our investiga- 
tion has permitted us to measure the total amount of otassium in 

tient. By this method v e  have been able to determine the amount 
of potassium lost by disease and the amount needed for replacement 
to restore the patient's health. 

We have used deuterium (heal77 water) for the same purpose; we 
are developing methods for the nieasurement of total body water in 
the human patient in the hope of learning more about surgical disease. 

The results of our research indicate that in the presence of cancer 
intestinal obstruction, perit onitis, and ot.her depleting diseases the 
human body may lose one-eighth to one-fourth of all its potassium. 
Potassium is the most important alkali substance in body cells, and its 
replacement is essential to the building of new tissues, the healing of 
-viounds? and the restoration of sick people to health. 

the body, a measurement not previously obtainable in t R e living pa- 
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goq,pd U?~i~erui ty .  Tf'a-dington. D. C.-We are using radiophos- 
~ ) h ~ ~ - u s  (P 32) to stndy the effects of vitamins on phosphorus metab- 
011- vSlll in the chick e n i b r p  l17e are using radiocobalt (Co 60) in me- 
t,bolism studies in the  rat and radioiodine (I 131) in metabolism 
3 ,.tudies in the nlOuSe. 

1i7i7~01i-(' X t a f e  Wa.tPr ~Turwy, Champaign, 177.-Radiocarbon (C 14) 
llils bee11 used in studying the ineclianism of anaerobic decomposition 
of acetic acid. This reaction is of general interest, since acetic acid 
is very coinnion metabolic product in many biological processes. It 
is of pG-ticular interest, since acetic acid is a very coininon intermedi- 

in the processes by n-hich organic matter is reduced to stable inert 
lluI1l~s. The reaction has been of wide use in the field of sanitation. 

,7Jniseysity of Illinoh, Uybana, Ill-radioact ire potassium (E 42) 
is being used in the investigation of nerve function. It has been found 
that lierrous tissue concentrates potassium much more than any other 
tissue. Nerves of animals are being subjected to radioactive potas- 
sium. FolloKing the introduction of this material the nerves are stim- 
ulated and the perfusion fluid counted for radioactivity. It is hoped 
to learn whether potassium moves outward across nerve membranes 
,&en nerve impulses are propagated. 

The exact biochemical function of ascorbic acid is not known. How- 
ever, it has been known for several years that the absence of this ma- 
terial froin the diet leads to (z failure of certain cells in the body to 
form collagen (needed in the repair of mounds). The question has 
arisen as to whether ascorbic acid is used in the actual structure of 
collagen or is necessary for the cell processes which lead to the forma- 
tion of this substance. 

We are in process of synthesizing ascorbic acid containing radio- 
carbon (C 14). The availability of such a radioactive ascorbic acid 
rill make it possible for the first time to  define more closely the part 
plared by this essential nutrient in the process of healing. 

Johns Bopkins L'niversity: B a Z t k r e ,  Md.-Radioiodine (I 131) 
has been synthesized into paraiodoaniline, subsequently diazotized to 
dysentery toxin and the distribution of the toxin followed after var- 
ious modes of adiniiiistration in the rat. This investigation is part 
of a program aimed to define the effects of bacterial toxin in the mam- 
nialian body. It is also part of a program to investigate the specific 
inter-relations of a natural toxin and its physiological target in an 
effort to learn soinethiiig of the specific mechanism of immunity and 
of protein synthesis. 

These studies have given definite concentration values for  dysen- 
tery toxin in all organs of the bocij- and h a ~ e  shown that most of the 
toxin is taken up by the liver. 

Radiocarbon (C 14) has been successfully synthesized into the ami- 
dine group of arginine and vcill sooii be fed to mice to label preformed 

79 714 &48-6 
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serum protein. The mice mill then be immunized and it is hoped that 
tlie C 14 content of the specific antibodies isolated will throx li& 
011 the question of whether or not antibodies are composed of neviu 
synthesized protein or of pref ormecl protei11 which has  undergone 
rearrangenient. 

Radiophosphorus (P 3.2) x a s  wed as a tag. to determine the up- 
take of phosphorus after intravenous administration of disocliuln 
phosphate, by cliff erent phosphorus fractions of normal nerve and 
cruslied nerve of tlie Rhesus iiioiike)-. In this study eleven (11) 
monkeys were used. F i r e  of the inonkep had the left brachial 
iier~-e crushed 6 to 8 days previously: six of the iiioilkeJ-s had the 
left brachial nerve cruslied 23-28 dayvs previousl.. The riglit bra- 
chial nerve in each animal served as a control. F i r e  of the animals 
were sacrificed 12 hours after administratio11 of the salt containinK 
(.fie isotope : the remainder at 48 hours. 

The data indicates a inarkedly higher concentration of the P 32 
in all the fractions aiialyzed from the crushed nerve at all sampling 
times, except in the "nucleoproteill" fraction of the inonkeps operated 
on 23-28 days previous to isotope administration. No marked differ. 
ences were determined bF simple chemical analysis. 

Radiosulfur ( S  35)  is king used as a ta to determine the uptake 

rat. It  appears that S 35, giTen as sulfate, is rapidly eliiiiiiiated bv 
the rat, as inorganic sulfate. It can. lio\l-ever, be bound to phenolk 
compounds and excreted as ethereal sulfate to some extent. 

 XI^ the very young rat ,  sulfate, labeled witli S 33, is taken up rapidly 
by cartilage and kept therein as chondroitin sulfate for some tim;. 

and disappearance of sulfate sulfur in di B erelit tissues of t>he adult 

Lvziisiana Siate Cniwers+iiy School of iIledicirie, ~ V G W  Orleans, La.- 
Attention has been paid primarily to hexaet~iyltetraphosphate, a com- 
pound which is closely related to the T a r  gas diisopropyl fluorophos- 
phate, and which is itself a highly poisonous insecticide. By in- 
corporating radiophosphorus ( P 32)  into the niolecule it was hoped 
to learn wliicli part of the molecule partakes In the interaction of this 
material with the enzyme cholinesterase. {It .is the inactivation of 
tlmt enzpme which is chiefly responsible for the compound's lethal 
action.) This r o r k  has s1io~~i-n that the phosphorus containing por- 
tion of the molecule is not fixed on the enzpme. Supplementary 
studies using radiocarbon (C 14) tagged hesaetliyltetraphospll~te 
are under way. 

Lo yokt ~ ' n i s t r ~ i f y .  chicctgo, II/.--It is definitely known that Cd- 
ciuni and pliosphorns nietabolisin are interrelated, and that changes 
occur in both calcium and phosphorus inetabokm when there is an 
inipaiiment or total loss of tlie acti\-itp of the parathyroid glands. 
Through the use of radiocalcium (Ca 45) and radiophosphorus (P 32)  
:t clearer insight into the role which the parathyroid glands play in 
tlie metabolis~n of c:ilcinm and phospliorus is being sought. 
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jlassuchusetts Genetsa-7 If cl.c/+itul, Boston, Jf a.s.s.-Ractiocarbon , c 14) has been used to studv the eEect of dinitrophenol on the incor- 
,oration of laheled ahnine into the proteins of slices of normal and I ,,,&znant rat l i ~ e r .  Studies lwve also been made on the incorpora- 
ti011 in vitro of C 14 from carboxlvl-labeled ctl-alanine and glycine 
irlto proteins of normal and inaliglmnt rat livers. 

T;l’e hare used radiocarbon (C 14) to study the protein metabolism 
of normal and malignant tissues. The  C 14 was h i l t  into amino 
nci& and the rate at which these aniino acids were incorporated into 
p t e i i i s  was followed. The rate of protein synthesis of the rat 
j,qatonm was found to  be six tinies as rapid as that of the normal 
s$t liver. 

~~assachusetts Zmtifu f e  of T e c h i d o g y .  Cambn’dgq illas.c;.--It is 
inconceivable that the research we hnye uiidert &en could have been 
,ttacked without the use of radioisotope tracers. Ereii the use of 

isotopes could not hare  served as only the radioisotopes such as 
radiocarbon (C 14) are capable of surviving the dilutions necessary 
in our Kork. 

Aside f rom developing more reliable methods of assaving carbon 
radioactivity and of preparing organic compounds c o n t a h g  radio- 
ilctive carbon our efforts have been directed towards the studv of the 
differences in the living processes of health? and cmcero;s cells. 
SO far, we know that some sul)stances whieh inhibit growth in normal 
tissue cause cancer and then caiinot inhibit the growth of the tumor. 
Further, we hare observed that tl cancerous tissue will incorporate 
5 to 7 times as much tagged amino acid as will health)- tissue. This 
phenomenon may lead to a technique of therapy. 

We are using deuterium as a tracer element to study the metabol- 
ism of fatty acids. The isotope is incorporated into a fatty acid by 
replacing some of the hydrogen atoms originally present in the acid. 
The acid then becoiiies “tagged” or labeled; its metabolic fate in the 
body can then be readily followed. 

Using this tracer teclmique, Ke are ende,zvoring to learn more about 
the metabolic pathways taken by four saturated fatty acids after 
thev have been ingested. The deuterium tracer affords us the only 
mj’ to distinguish bet\?-een dietar>- fa t  and f a t  originally present. in 
the body. In this wayv? we can trace the steps taken by fatty acids 
during their c:itabolisiii as  x-ell as ideiitifv the tissues where they are 
deposited. 

Phytates a re  prcseiit in  ninny foods especially cereals? and have been 
Fepoited to  iiiterfere v i th  the absorption of minerals from the gastro-’ 
llltestinal tract. 

We are using racliocalcinm (Cs 45) to study the effect of phytates 
the absorption and metabolisin of calcinm. I n  order to  determine 

the aniount of calcium absorbed it is necessary to diff ereiitiate between 
the cskiuni from the test meal anct that aIreac~y present, hence tlie use 
of the isotope is of great yalue. Since phytic acid is a fairly commoii 
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constituent of the diet, it is of importance to determine to what e x t q  
if any, it interferes with the absorption of calcium and thus inter: 
feres with the formation of bones a i d  teeth, in animals and l1tnrlall 
beings. 

I n  an earlier stuctp n-e used radioiron (Fe  55 and F e  59) t o  studg 
the effects of food phytates upon the absorption of iron. Phytates 
do interfere m-ith iron absorption. but this interference seeined to 
be no greater than the interference due to the bulk of the diet. &is 
the solids content of the meal was increased, the iron absorption de- 
creased pro ortionately. The absorption of radioiron from a break- 
fast was on r y 5hth that observed when the same amount of iron \vas 
given with a glass of water. Radioiron is very useful in studying thoN 
factors which interfere with, or assist, the iiormal nietabolism of iron. 

Mmsmhusetts Memoria7 Hospitnl. Boston, i M  ass.-Radioactire iron 
(F0 59) has made possible the "labeling" of red blood cells for studies 
on the preservation of red blood cells in blood banks. 

Radioactive iron is also being used for studies of various serious, 
and as yet incurable, types of anemia. Information is being obtained 
which may aid in developing a satisfactory treatment for such anemias, 

Radioactive zinc (Zn 65) is being used to study the growth and 
function of red blood cells and white blood cells in patients with 
various types of anemia and leukemia. Such studies hare already 
indicated that zinc is of fundamental importance in the function 
of these cells. Its exact role is pet to be determined and the radio- 
active isotope will make possible studies Fhich otherwise could not 
be performed. 

illayo Clinic, Rochester, i7linn.-The use of radioactive phosphorus 
(P 3 2 )  has enabled LIS to determine the rate of formation in the body 
(animals) of many organic compounds i. e., those normally present 
in tissue in constant amount due to continuous formation and de- 
struction. With the labeling by P 32 of the newly formed com- 
pounds the rate of formation and destruction can be determined. The 
functions of these organic compounds is thus determined and the 
alterations produced by pathologic processes may be evaluated. 

Phosphoric acid is liberated from organic compounds in the muscles 
during work. With P 32 we found that this acid is held in the muscle 
and recombines in its original organic form immediately after work- 
ing ceases. 

Fa t  absorption from the intestine and the mobilization of fa t  from 
body tissues is somewhat related to the metabolism of phospholipids. 
With P 32 we found t h a t  about 5 percent of the phospholipid of the 
liver of rats is newly formed each hour. I f  part of the liver is injured 
or removed the remaining liver makes more new phospholipid so that 
the total production for the body is not diminished. I f  the body 
nietabolism is increased or  decreased by excess or lack of thvoid 
hormone the phospholipid production by the liver is correspondhglg 
increased or decreased. The amount of fa t  in the diet does not alter 
the phospholipid forination of the lirer. Certain vitamin deficiencies 
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,rllicll produce a very fatty liver do not alter the formation of new 
1lolipids although their  concentration in the lirer is markedly 

pentothal labeled with radiosulfur (S 35) indicates that its anes- 
,hetic effects are due to the presence of pentothal and not its degrada- 
tion products in the brain. The dist,ribution of injected pentothal 

the blood, brain, h e r .  kidneF. niuscle, etc. can be somewhat more 
ffccurately determined with s 35 than by ordinary chemical means. 

pbosp. 
dilllllll shed * 

Muharr?,! Medica7 C'oWeye. Nashvi7le, Tenn.--We are using radioiron 
e 55,591 as 8 tracer in a study of iron absorption in 1,000 hospital 

,4t the present time only very limited data on iron absorp- 
tion in pathological cases exists. This investigation could be carried 
out using ordinary iron, feeding it to patients, and then examining 
the excreta for unabsorbed iron. Such a procedure is fraught with 
&fficu]tY because of the presence of substances in the intestine which 
interfere with iron determinations, is likely to be time-consuming, .and 
at b e t  is only semi-quantitatire. I f  one attempts to follow a e v e n  
dose of ordinary iron through blood sampling it would not be possible, 
since there is no way to bstinguish the molecules of ordinary iron 

from those already present in blood. I f ,  however, the iron 
sample administered contains tracer amounts of radioiron the latter 
can be distinguished from ordinary iron by radio assay of blood while 
the chemical and metabolic reactions would not differ materially from 
those of ordinary iron. 

The results obtained so far in this study, which a t  completion will 
be the largest survey of this type done up to the present time, in gen- 
eral, confirm the meager data on humans to be found in the literature 
3 r d  similar experiments carried out with animals. Large uptakes are 
observed in pregnancies particularly in the latter stages. No uptakes 
are observed in cases where the blood picture is essential1 normal and 
There no need for iron absorption exists. This is in 9 ine with the 
newer concept of iron absorption which indicates the presence of a 
mucosal block in animals plethoric with respect to  their iron stores. 
In infections and inflammatory conditions, little or no iron is absorbed 
eTen when the blood picture indicates the need for' iron, a finding in 
line with experiments already reported for dogs. Anomalous results 
in certain types of heart disease with normal or nearly normal blood 
pictures have been found in the form of significant iron uptakes. 
Eridently? the need for iron exists possibly as a compensatory mecha- 
nism in such cases. In severe anemias of long standing significant 
mounts of iron itre absorbed, as would be expected froni the well- 
k n o m  experiments carried out on anemic dogs. 

(F 

MemoriaZ a o s p i t d .  New I'o~c, N .  P.-Investigators who have been 
using radioactive iodine (I 131) to study metastatic thyroid cancer, 
state that the isotope has been invaluable in studying many physiologi- 
cal properties of different thyroid tumors and in evaluating the pos- 
sibilit? of therapy . I "  bv means of that  isotope. 
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Investigators are making :I fundainental study of tlie metabolisl,, 
of nucleic acid-coiitaining compounds in the various cells of the Bodr 
Xucleic acicI is a constituGnt of importaiit parts of the cell lt-hicli a;., 
coiicerned \l-ith reproduction and vital processes. It is probable that 
nucleic acicl or suhst aiices coiit aining it are concerned in an important 
way \\-it11 virus iiifectioii and ciiiicer. This iiixterial is also a coli. 
stitueiit of thoFe cellular structures which are affected by ladiatioll, 
For  these reasons a thorough underst anding of the anabolism 
cat,abolism of nucleic acid is considered to be one of the most funda_ 
mental and desirable studies at the present time. 

We are e!igaged in the sj-nthesis of nucleic acid precursors. Purines 
and pyrimidines, containing st:il,le nitrogen (3  15)  a i d  radioc:uhon 
( C  14). These precursors are  fed to esperiiiiental animals, both nor. 
mal and m-itli rarious types of injurv, in order to establish their 
normal and pathological metabolic routes. A nevi- and f ~ i ~ i c i a m e ~ ~ t ~ l  
obseri-ation has been made this roceciure, iiainely, that adel& 

it appears to be deposited pr i i ic ipal l~ in the cytoplasm. It is hoped 
by an extension of this study to mark out a complete pattern of I I U C ] ~ ~ ~  
acid formation, particularly under coiidit ions iiirolring radiation in- 
jury. Other iiivestigators are cteveloping methods for separating the 
various morphologic constitueiits of different types in  cells, llormal 
and affected by radiation. T h e n  these methods ha\-e been perfected 
it, is expected t ~ i a t  tIie7 xi11 be app1iecI t o  a study of the uptake of 
nucleic acid precursors marked by radioact i r e  and h e a q  isotopes. 

111 another department C 14 has been used for the synthesis of three 
steroids, namelv, methyl testosterone. progestin and testosterone. \ye 
are just begi i i ihg biological experiments with these substances. It 
is hopecl to define bv their use the ainouiit of horinone localized in 
targp,t tissue, partic;l:xrly the genital tissue. It is also expected t o  
obtain more detailed knowledge of the nietabolic pathways followd 
in  tlie synthesis and metabolism of steroid hormones. 

-f 

alone? of all the materials tested. is ceposited 7 in the cell. lforeorpr, 

LVerck. atid C1oinpcmy: Rahuvy ,  LV. J.-The isotope tracer iiiethod is 
being applied to beiizvlpenicillin as a means for  its specific determina- 
tion in the presence ;f other penicillins. such as penicillin K, F. etc.. 
as well as in the pi’eseiice of their degradation products and many other 
substances as  occur. for  instance, 111 penicillin ferinentation liquors. 
such  a coinplett.ly specific : i s s a ~  for beIizv1periicilhi is not ~ O I T  avail- 
able rind would be of inc.;tiniable value ‘in procluction, research, and 
c* 011 t 1.01. 

W e  are d so  using cleuterium as a tracer in connection with the fate 
of the analgesic iso:iinidine in the animal econoni-j-. The results of 
this use of an isotopic. tracer sliould prove of considerable value in the 
elucidation of the chemistry of this drug in the living organism and 
thus should be a contribution to a inore detailed medical uiiderstand- 
ing of its action. 

In another assay problem we are concerned Kith the specific deter- 
inination of inorpliine in opiuin. S o  reliable assay for inorphiile @ 

+ opiuin appears to have been developed and since a reliable assay 
essentinl in comniercial processing. lye propose to  attenipt tlie develop- 
ment of an  isotope tracer inetliocl. 
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BT the use. of the stable isotope of oqgeil  (0 18) we are s t u d ~ i n g  
late of the oxygen taken into the body 1% the respired air and 
Source of the oxygen -vrhich appears in tlre respiratory carbon 

Titliout tracer oxygen it ~ - o u l d  be impossible to carry out 

T11u.s far! prehni11ar.y experiments point to the coiiclusion that either 
oxygen of the respirator)- carbon dioxide does not come from the 

oxygen in appreciable 2nionnts or the oqvgen of the carbon 
dioxide conies into isotope equilibrium M-ith the oxygen of the body 
d e r .  

The ra t  has been fowid to  utilize carbon given as inorganic carbon 
in its bodily processes. This carbon, tagged with radiocarbon ( C  14), 

been found* to enter the fats and proteins of the body and the 
bones and teeth. Information ns  to the rate at, which the bones and 
certain proteins are regenerated has been obtained. Data as to the 
excretion of C 14 has been obtained which is of value in considerations 
of the health hazards associated in working with C 1.4. 

dioxide. 
S~lCl.1 cz study. 

iVationai! Institute of Health, Betheda, Jfd.-We have been using an 
irradiated unit of antimony for (1) radioautography of parasites 
and host tissues after injection of host with tarter emetic prepared 
Fith radioactive antimonF and (2) studies on antimony distribution 
in maminalian tissue fractions. 

The experiment performed by autoradiography did not give un- 
equivocal eriaence of antimony distribution because of lack of defini- 
tion of parasite tissues on emulsion. 

The experiments on tissue fractions have given valuable clues as  
to the nature of the aiitiniony conipounds formed in the inainmalian 
tissues. 

Our research program is coiisidered the first step toward production 
of labeled antibiotics which niay be used tomgain a better understand- 
ing of their action. The assaF of radioactive sulfur incorporated in 
the penicillin molecule is superior to tlie usual chemical assay because 
of the ininute quantities detectable in the former compared to the 
latter. 

Radioactive sulfur (S 35) can be incorporated into the penicillin 
Iuolecule bv groi.r-ing the penicillin producing mold on a medium con- 
taining rdioact i re  sulfur. I t  has also been found that the radioac- 
tire assay for  sulfur c3ii be made more accurate than the usual chemi- 
cal assaf. 

Radioactive potassium (K 4.2) has been used to study qualitatively 
the efficiencF of the ventilating system in a building to be used for the 
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study of infectious diseases. This use of the isotope gal-e the needed 
inforination in a much shorter time and was open to less criticisu 
than the standard methods of dust sanipling. 

Net[? ETtgland Deaconess Hospitu7, Bosfolz, Mass.-Work on radio- 
active antigens in aiiaphylasis is being carried out usiiig bovine albu- 
men and radioactive iodine (I 131) . Radiophosphorus (P 32) is 
being used to determine its uptake from the egg yolk and its effect on 
the developing chick. The uptake of P 33 as well as that of radio- 
spdium (Na 24) by the tissues in cases of disturbance of the peripheral 
circulation. partibularly cases of diabetic gangrene is being deter- 
mined. P 32 is also belng used to stud)- its therapeutic value in leu- 
kemia, plasma cell myeloma, and polycTthe1nia \-era. 

New I7ork Caiversity, College of Illedicine, Xew York, N .  Y.- 
Only two nucleic acids have hitherto been h o r n .  By the use of ra- 
diophosphorus (P 32)  the presence of another nucleic acid in the cell 
nucleus has been demonstrated and shown tp be the precursor of the 
two previously known. It is very much more active in+ the phosphorus 
metabolism of the cell than the ones previously knoxn. Collfimation 
of the existence of this precursor nucleic acid has been obtained with 
the aid of radioactive ipdine (I 131). 

We are using deuterium oxide (heavy water) to  determine total 
body water. This determination has permitted us to arrive at  the 
total amount of body solids in protein depletion and the rise of these 
solids in the process of repletion. 

We are using isot,opes in a study of the effect of adrenal cortical 
hormones on kidney function and water and salt distribution in the 
dog. Deuterium oxide (DzO) is being used for determination of total 
body water since it is the only accurate m e t k d  now available. We 
plan to use radioactire sodium (Na 24) in a study of the comparison 
of sodium space and the mechanism of sodium excretion in control 
animals: in aniinals treated with adrenal cortical hormones, and in 
adreiialectomized animals a t  various levels of substitution therapy. 

Our research program is designed to study the cprrelatioii of phos- 
pholipid turnover to levels of cholesterol. 

A study in phospholipid turnover was undertaken in a very small 
number of subjects of various ages and on high cholesterol diets. Ra- 
dioactive phosphorus (P 32) was administered tp six subjects, 7 
microcuries per kilogram. Blood saniples were drawn a t  1,3 ,  5,9,12, 
24,29, 48, 72,  96, 168, and 216 hours after the initial administration of 
P 32. The specific activity of the organic phosphorus (phospholipid) 
was determined in all samples and results were expressed as percent- 
age of original dose administered. 

The turnover in six patients did not, differ significantly from one 
another (age range 40 to S2). The feeding of cholesterol did not 
significantly alter the turnorer of phospholipid. Recent publications 
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hfl *-e not shown significnnt change in phospliolipid turiio-ver in cirrho- 
tic. 1 zs opposed to normal, individuals. This fact  was confirmed in three 
f a  ~ t-ents 1 with cirrhosis of the liyer. Our figures for turnover appear to 
be in tlie range of those found in the literature. Maximum turnorer 
q'8s found t<o O C C U ~  between 48 and 72 hours ; the inasinid percentages 
car.ied from 0.01 to 0.15. 

1yorthzces.tern li'niuemity, Evamfon, 177.-Radioactive sulfur (S 35) 
bXs been used in connection with t v o  problenis of biochemical int,erest. 

In  one we have studied the uptake of amino acids (labeled with S 35) 
hT bacteria under conditions where no net pl'owth is obtained. I n  this 
,ianner it has been found that these buildLig blocks are in a constant 
<t,ate of flux in the proteins of the bacteria, breakdown and synthesis 
>oing on simultaneously. The use of isotopes has enabled us to stud 
tile effect of drugs on the synthetic process even though no net, growt 
is observed. Without, isotopes this could not be done, 

ID a secolld problem we h a w  made sulfanilamide with a radioactive 
stom in it and are following its course in bacterial suspensions in order 
to E gain some insiglit into the mode of action of sulfa drugs. 

z 

Par&, Davis d* Company, Detroit, itl+h.-Investigations of a series 
of drugs having inhibitory effects on the thyroid gland have been 
meatly facilitated by use of radioiodine (I 131) as a tool for measuring 
:orma1 and altered thyroid function. As a result of this work carried 
out on animals, earlier application of certain selected conipouiids to 
clinical trial in liuman patients has been possible. Radiocarbon (C 14) 
has been used as a means of labeling benadryl, an antihistaminic drug. 
Radioactive iron (Fe 59) has been employed by investigators to study 
the effect of radiation on malarial infections in animals. 

Uaiversity of Penn. ylvaniu, PhGude Zphiu, Penna-In order to learn 
h o a  the body utilizes food materials for various purposes, it is neces- 
sary for us to look inside the body and see where the various molecules 
go ind That chemical changes they are caused to  undergo until they are 
changed into body structure or are excreted. Obviously it is impos- 
sible to follow ingested ordinary molecules because they cannot be seen. 
If, hox-ever, such molecules are tagged in some characteristic way and 
later a. tagged compound is found in the body we know that the tagged 
material introduced must have been changed into the tagged compound 
rliich was isolated. Stated in another way, if we could see a carbon 
atom we might stain some of them red and then follow them through 
the organisnr. 

Investigators using radioactive carbon ( C  14) to study the me- 
tabolism of rotein, fats and carbohydrates, state: (I) When lactate 

which is reyated to carbohydrate), containing radioactive carbon is 
fed to a glycosuric aiiiiiial, some of the radioactive carbon appears in 
UriIiaV glucose, soine in urinary ketone bodies (which are related to 
fat m&abolisin) and some in body fat. This demonstrates that lactate 
J r h n  ingested may be changed into sugar or fat. (2) Radioactive 
adrenalin is fornied when radioactive. phenylalanine is administered. 
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This experiment shorn that adrenalin may be f ornied from phenyl- 
alanine in tl1e body. It is interesting to note that the Stl*UCtWe'q 
phenylalanine is such that one niay sho.vr- theoretically 1 1 0 ~  it can be 
t ransf orined into adrenalin. 

Peter Bent B~iqtmn. aospital .  Boston. X a s . - T l l e  radioisotopes of 
iron (Fe  55. 59) 'have been of particular importance in the study of 
iron metabolisni in relation to turnover rates of various fractions of 
body iron and to absorption of small ninotznts of iron by tlie intesti~l~l 
tract. 

J3Tith isotopes it has been possible to estimate size of iron stores in 
man? tlie turnover rnte of iron through the serum conipartment, the 
synthesis of henloglobin by bone marrow cells in vitro, the life spaIl 
of the red cell, and the pathway of red cell breakdo\Tn. 

Pratt Diagnostic Hospital, Boston, :Vms.-We have been using 
radioiodine (I 131) to study thyroid function in aniinals and in man. 
The method has permitted a development' of neK drugs for the treat- 
ment of hyperthyroidism. It has yielded considerable new inf orma. 
tion regarding the details of thyroid hormone synthesis, and three new 
tests have been devised for tlie clinical diagiiosis of thyroid disease. 
I t  is quite clear that this isotope will have continued usefulness for 
diagnostic metlrocls. 

Predyttirian. Aospitd? Chicago, IIT.-Verv little is knotrn of the 
way in which radiations produce their protound and subtle effects 
oniiving substance. By use of such a powerful tool as a radioactive 
tag it seems possible that problems can be answered such as the size 
and identity of the sensitive molecule; action by direct collision of 
the molecule v-ith radiation, or the alternative indirect effect of other 
substances on the sensitive molecule; and the reason for the grent 
variation of sensitivity from one living substance to another. 

The objectives of our research projects are : 
1. To determine how niuch radiocarbon (C 14) is retained by 

animals under various conditions of exposure and thus to contribute 
to our knowledge of the hazards involved in the use of this isotope. 

2. To  measure the ability of diabetic animals to utilize glucose, a 
question f undanient a1 to the understanding of diabetes and one d i i c h  
has not been solved by non-isotopic methods. 

Purdw Ij-?iiz.*ci*aity Schooi! of Pharmacy, Lafayette, Ind-An 
enteric coating is the covering that protects a substance from the 
gastric fluids and releases the contents into t lie intestinal fluids. This 
study is directed toward the development of a test which Till disclose 
not only the location but also the time required after administratio11 
for  the (Inif: to be released into the intestinal fluids. 
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Tllere is a need for such coatings fo r  several types of drugs: 
1. ~ r u g s  that irritate the stomach lining; 
2. Drugs that react n-ith the stoinacli secretions to inactivate the 

f Lligesti\Te enzymes : 
3. D ~ L I ~ S  that are inncti\-ated h3- the stomach secretions: 
4. Drugs that should l?e in high concentration in the intestines 

5-  Drugs desired to be delayed soinen-hat before absorption. 
to exert their therapeutic activity; and i 

-. 
A.~~lo l~g  thevarious substances used to coat such drugs are those 

, re macle to be insoluble in tlie acidic secretions of the stoniach [lint c' to be soluble in the more alkaline secretions of the intestines. I f  
e 5  vere eiitireIy tlie case, tlie conditions could be simulated outside :I11 

nIlilllnl body. Actually there is a gradual change from the dis- [ 111 

she rinctlF acid secretions of the stomach to neutrality and subsequently 
rn because the secretions of the intestinal glands dominate. 
The problem is to find a srtbstance (or a combination of compounds) 

nri]l be sensitive to these slight changes in the medium. Before 
type of compound can be intelligentlv sought, one should have 

function of the 
,H of the medium. ' The radioactive inaterial used to develop this test is radiosodium 
( *  y a d  v i ) ,  whose radiations have sufficient energy to be detected readily 
.lnd which has a short half-life. This lessens the danger of per- 
;Ilnlient coiitamiilation. The radioactive inaterial is enclosed in an 
ellteric coat and the pill is gireii to a rat. The body of the r a t  is 
.llielded and the tail is coiitinuously inensured for radioactivity. 
f p o ~ i  release of the inaterial by the rupture of the coat, there is a 
5:udden increase in radioactivity of the tail due to the absorption 
into the blood of the enclosed compound. The rat  is sacrificed and 
site of the clisintegration can be found by examination of the tract. 

Radiosodiunl is used for the testing of absorption rates of sodiuni 
in the form of sodium chloride from the alimentary tract. 

Radiophosphorus (P 32) is used for the testing of phosphorus de- 
pletion of teeth by various solutions. 

Radioiodine (I 131) is used for testing the rates of absorptioii of 
iodine from various ointment bases. 

a&mte niet,hod of determining solub'ility as 

Cnive~sity of Rochster ,  Rochester, N .  Y.-Radioiodine (I 131) 
analogues of the preparations employed clinically for cholecystog- 
raphy and intravenous pyelography are being utilized to study the 
absorption. distribution, and excretion of these widely used contrast 
media. Preliminary work in dogs indicates that this approach will 
tW particularly instructive as to the behavior of these contrast media 
at the sereral blood organ tissue barriers. 

I 

i 

i 
f K e  hare been using radioactive iron (Fe  59) to investigate the 

mechanisni of iron absorption in normal and anemic animals. 
Radioactiw iodine (I 121) is  being used in the investiaation and 

treatment of thyroid disease. Several patients with hypertehyroidisrn 
R h o  had become resistant to more traditional therapeutic methods 
hare responded favorably to therapeutic treatment with radioiodine. 

f 
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. I  tracer. This work is of particular importance in supplying a back 
-. mound of information on bodily processes necessary for more efiec% i 
tive treatment or prerention of disease. The availability of radiocar, 
boil (C 14) will aid and simplify our work tremendousl~ and ivili 
allow us t u  studT problems not possible with carbon 13. 

T h e  Univemity of Tennessee, Xenzphis,  I’e?in.-By labeling thio, 
cyanate with radioactive sulfur (S 3 5 )  , it has been possible to llleasure 
the amount of the ion in biological tissues with an  accuracy, sensitiritS 
and specificity much greater than bv any other niethod aT-&ble’ 
Our present program on problems relited to hypertension and caneep 
mould be prohibitive in cost if the eyelotroll s e r e  still the only Source 
of s 35. 

~ - 

I 
U niwrsity of Texas, Galveston, Tex.-We have used radioiodine 

(I 131) for st2udying the passage of iodides through the intact un- 
broken skin of experimental animals. This isotope has proven ex- 
tremely valuable in indicating the manner in which iodine is absorbed 
from the skin and has contributed to the physiolo,ay of this element 
as it was shown that much of the iodine is secreted by the gastric 
mucosa, as are the chlorides. 

We are planning to use some of the isotopes of the rare earths in 
cancer research. 

i 

T 

’ 

I 

3 

University of Texas  ili edkd Xch.001, Ga7eestm,  Tex.-With a viea 
to improving methods of resuscitating and of treating the almost- 
drowned, we are investigating what happens during experimental 
drowning. The water vhich is “breathed in” during drowning enters 
the blood in large quantities. By employing isotopic hydrogen (deu- 
terium) in heavy water, we will investigate how much and how rapidly 
this water enters the blood. 

Thorndike Nemorial La6or*atory, Boston? LVass.-We have been 
using radioiodine (I 131) as a tracer and therapeutic agent in thyroid 
disease and ma1ign:ui~ies of the thyroid gland. 

,411 patients treated with radioactire iodine were ambulatory and 
consequeiitlv no possibility of close contamination between the pa- 
tients or pilhg up  of radioactivity in the excreta was possible. When 
iiornial subjects were investigated, the injections of radioactive isotope 
r e r e  never greater than 200 microcuries and were repeated at such 
time intervals (one month) that the concentration of isotope in their i 
blood never exceeded a safe tracer level. No normal subject or patient E 

RTe are now conducting studies of phosphorus exchange in man, ‘ 
in wivo, follon-ing the adininistration of insulin, adrenalin and glucose. 

Later we shall proceed to study diabetic individuals, using thFe 
tested substances, and in suit able cases additional substances, partic- 
ularlF estrogenic and androgenic hormones, in an attenipt to stupy & 
the basic metapathy of the diabetic syndrome. Parallel studies d l  
be made 011 iiidivicluals suffering from altnornialities of creatine :d 

0 
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?t illille metabolk1~~. such as pseudo-hSpertropic muscle distropbp. Tieis lloPed in the latter instance to obtain soiue clue to the etiologj- 
,ossible treatniellt of tliis, at  present? uiitreatsble and often fatal 

llare also carried on some basic ph~--siologic,zl work of aii in rivo 
iTZ z i t yo  nature v-ith radioactire iodine in tlie exploitation of the 

~ven-n~tibotly response in man in the hope that we map be able 
3 l G  10 , a IIqwer some of the questions regarding the defense of mail against 
jnfe ctioli, particularly those problems concerning the place where anti- 

formed and tlie nature of the antibody-antigen reaction. 
Techniques are I ~ O K  at liand for iodinizing prdteins. particularly 
sit~lont the use of animonia, and preliniinnrr 011 aiiiinals has 
s h o r n  a close parallel barrier between radioactive isotope exchange 
4nd t,be Tell-known histological changes in lymph nodes following 
Bllt1, * *flen-antibody response. 

fodine is also being used to tag albumin for purposes of establishing 
tinle from injection or ingestion of the protein to its time of 

e,trance into the metabolic pool. This problem has become, in this 
l&oratOI'?, an important question in the treatment with albumin of 
patients for the relief of edema caused by rarious kidney disorders 
alld starvation. It will also be used for the purpose of the general 
qtudF of albumin metabolism in man. 

Rt&ioactive iron ( F e  55, 59) mill be used not 0111s for the purpose 
of determining blood volume and iron metabolism in the manner 
KIlich has now become routine in this country, bu t  also in the solution 
of other problems. We are anxious to study the rate.of uptake of 
iron from the intestinal tract under the influence of certaiii environ- 
mental conditions, including specific accessory food materials, changes 
in pH, the presence of oxidizing and reducing agents, and the form 
of iron administered. 

'FTe are also anxious to pursue roblems relating to the age of cells 

of cell age to the reaction of blood cells under varioils nathological 

I 
, I d  1 
, , l ,dl  t io= 

1 

in @'en blood samples, and by t P iis technique determine the relation 
I v conditions encountered in our patient population. 

Phosphorylation has been related in several ways to the problem of 
anemia and certain aspects of this are planned for the coming year, 
particularly in relation to the reaction of substances increasing bone 
mnrr'ow actirity. During the war we reported marked metabolic 
changes in man follox-in,rr injuries due to flame, crush wounds and 
penetrating wounds. TfThile several therapeutic suggestions were of - 
fered as n result of this work, there were many aspects of the problem 
of injury and convalescence left pending because of the lack of an 
ndequate in~estigatio~inl tool. These are being followed up by the 
use of r ~ d i o ~ ~ l i o s ~ ~ h o r u s  (P 39) in the hope that during the period 
of peace some definite therapeutic measures for the routme handling 
of large numbers of wounded and injured individuals ma_r be resolved. 

Tufts- Den fa7 School. Bo.c.ton, Ma-gs.-We are a t  present engaged in 
using radiophosphorus (P 32)  and contemplate studies using radio- 
idiiie ( I  131) a i d  radiocalcium (Ca 45). Since the teeth ham the 
createst pi*ccntage of inorganic material of anv of the body tissues 
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m d  since the rate of exchange of the mineral components is extrenlel1, 
low, the use of radioactire isotopes tends to greatly extend our knoffl 
edge of the vitality of the teeth. 

TzLla9he Uyzi,uer.c-ity, ATew Orleans, La.-Ke are using radioacti,., 
isotopes to investigate the formation of hemoglobin in subjects de- 
pleted of this material by long illness or by trauma. An irnportabt 
aspect of this problem is the accurate measurement of total blood 
volume and of total circulating red cell rolunie. I t  is desirable that 
some. method for measuring blood volume be devised which can be 
repeated daily if iiecessarv and which can be executed with little 
advance warning, thereby Fequiriiig no previously tagged donor blood 
It is also desirable that the method require no injection of forei ’ 

substances the physiology or toxicity of which would need to Q 
investigated. 

For such a purpose radioactive phosphorus (P 32) works out very 
well. If a sample of the patient’s own blood is properly mixed Kith 
radioactive phosphorus, some of the radioactive phosphorus exchange 
for normal phosphorus in the pakient’s blood cells. The dilution of 
the labeled cells, when reintroduced into the patient’s circulation, 
enables an accurate calculation of the red cell volume. 

From this determination of red cell volume and a determination 
of the concentration of red cells in an aliquot of the whole blood of 
the patient, the whole blood volume of the patient can likewise be 
calculated. * 

In  addition to the phosphorus method which measures the red cell 
volume directly but which depends upon the determination of a hema- 
tocrit to give a value for whole blood volume, the use of radioactive 
iodine (I 131) adsorbed to serum protein is being exploited. The 
method looks directly feasible and if i t  proves successful, it provides 
a direct means of measuring the plasma volume. Independent deter- 
minations could thus be made of plasma volume directly and of red 
cell volume directly, and the value for total volume could be obtained 
by adding the two. 

We hare been using radiosodium (Na 24) to study some aspects of 
renal excretion of sodium by normal subjects and by patients with 
coiigestive heart failure. 

Excretion of radiosodium, following intravenous administration of 
the isotope, was studied in 12 normal subjects, 10 patients with chronic 
congestive heart failure, and ‘I patients v i th  miscellaneous diseases. 

The Na 24 required about three times as long to appear in the urine 
of the patients with congestive heart failure as in the normal subjects. 
I n  no instance did the concentration of il’a 26 in the urine of patients 
with congestive heart failure exceed that in the serum; in tlie normal 
subjects it varied over a wider range than in the patients with heart 
f ailure, and exceeded, equaled or was less than that in the serum. The 
Xa 24 clearance in the patients with congestive heart failure was defi- 
nit el^ less tlian that in tlie normal subjects. 
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b aested that a grov-th regulatory mechanisni probably protein in natuPe 
and located at  the cell surfaces is altered in direrse fashion in both 

by changes in calcium binding properties. >luch of these data haye 
been procured tlirouph the application of the isotope nletlloci of trac- 
ing and estimating calciulil clranges. 

Study on epidermal carcinogenesis indicates that unlike the n o r q  
epidermal cell the squamous cell carcinoma is unable to take up and 
retain Ca 45. This isotope study is consistent with previous obser- 
vations that the calcium content of cancer cells is very lorn- and tllal 
the ratio of free and bound calcium in cancer cells is radically clifferent 
from normal. 

Age changes in mouse liver as measured by radiocalcium u11take anCl 
exchange have been determined. It indicated that the old liver cell 
contains a high level of calcium, but has a very low- exchange rate of 

calcium ions. This observation is consistent with the fact that tllcre 
is a higher level of calcium binding in old cells than in the young. 

Both of the isotope studies on aging and cancer are being continued 
largely with the aid of cell fractionation and ultrafiltration with a 
view towards gaining an understanding of the protein changes at  the 
cell surface. The radioactive isotope of calcium has been of singular 
value in facilitating these investigations. 

aging and in cancer. Alterations in this protein complex are indieat ed 

In our 'investigation with radioisotopes we have delnonstrated the 
f olloming : 

Iron injected into the body in small amounts is quantitatively and 
promptly synthesized into hemoglobin providing the bone marroF is 
capable of making red blood cells a t  a normal rate. TVhen, however. 
the marrow manufacture of red blood cells is decreased, there is a cop- 
responding decrease in the rate a t  which iron is utilized. These results 
provide information as to the rate of hemoglobin synthesis in the bo& 
but demonstrate that radioiron (Fe 55, 59) cannot be used in t& 
ordinary manner for measuring iron absorption unless the bone rnarrm 

Iron absorption with radioiron has ordinarily been measured bp 
deterniining what percent of a given oral test dose appears in the 
circulating blood as hemoglobin. Because of the previous considera- 
tions the method for measuring absorption has been augmented to 
include determiiiat ion of unabsorbed radioiron eliminated in the 
feces. With this technique -e have shown that iron deficient persons 
absorb more iron than do normal subjects. However, patients vith 
various trpes of anemia may absorb relatively large amounts of iron 
in spite of adequate iron stores. These results have caused Forkers 
to question the currently held theory that the intestinal mucosa, in- 
fluenced by iron stores in the body, acts as a major regulator of 
iron metabolisni bp accepting or rejecting iron according to bod: 
needs. 

Sinal1 but definite amounts of iron are regularly excreted by the 
intestinal tract. The statements often made. t o  the effect that, the 
mammalian organism has no capacity to excrete iron escept b?. 

is functioning normally. t 

hemorrhage is thus shown to be an oversimplific a t' 1011. 
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versity of Washingtoti, Seattle. Wmh.-'P-xo problems are un- 
ti011 here Khich iiirolre the use of radioactire isotopes. 

ne is concerned with the synthesis of radiocarbon (C 14) labeled I I-he 0 
1 -cil~,estrol and inrestigation of its behavior in body processes? par- 

&lllarlv its possible bioconrersion to natural sex hormones. The other O js the sc ';.nthesis of C 14 labeled xanthopterin which will be used in 
iIlvestigatiorl of the action and interconrersion of pterias? includ- 

. cT folic acid and ritamin 13 12. 
111, 

Ulzizter$.sity of TT'a-~hingfoiz MedicaZI ~ c h o o l ,  Seatf7e: Wash.- 
Througll the use of radioactive iron (Fe 59) in tagging red blood 
,,ells it bas been possible to approach in a logical manlier the problem 
c,f tr,nsfer of blood cells froin fetus to mother. Preliminary esperi- 
nlr,lts wit21 rats indicate that some blood cells cross the placental 
barri 

gTp,qtern Reserse University, Cleve7and. 0 hio.-In order to eluci- 
date reactions which occur in the formation and metabolism of the 
hormones of the adrenal and of the sex glands, studies are being con- 
ducted using hormones ( and their suspected precursors) containing 
rhe &able isotope of hydrogen (deuterium). 

Radioiodine (I 131), radiosodium (Na 24). and radiopotassiuzn 
cr( 42) have been of extreme value in our work on the detection of 
milmte amounts of hormones. The development of these new micro 1 nlethods @es LIS new tools to study the mechanism of action of 

f jlormoiles 111 nornial as well as diseased individuals. 

f 
f 

1 
The research being carried out with isotopes has as its ultimate 

purpose the elucidation of the chemical processes whereby the body 
obtains e n e r a  from foods. For  this type of investigation isotopes 
ue indispensable. They permit tagging the carbon of the food and 
tracing it through its myriad reactions in the body. Among the 
research problems being investigated is the conversion of f attv acids 
to @cogen, the ready source of energy to the body. By libeling 
the individual carbons in the fatty acids and determining the position 
of the isotope in the resulting glycogen, i t  is possible to make certxin 
deductions concerning the rer~ctioiis which the fatty acid undergoes ill 
its conversion to glycogen. 

In the oxidation of pyruwte. acetylphosphate and forinate have 
hen suggested as components of the system. It has been possible. 
by labeliiig tlie acetvlphosphate and formate to shorn that only 
firmate is a compone'nt. These are representative examples of tlie 
p e  of work being carried out. Investigations are also being carried 
out on the study of purine metabolism and on the conversion of other 1 pompouiids to glycogen. 

I.'rzicerpity of TTiscoz~ssi~z. Madison, 7 O i s . h  our research program 
Q&ophosphorus (P 3 2 )  is bein2 b used to study rickets and the mode 
of action of ritamin D. 

' 

- 



Our progress to date consists primarilv of establishing the reliabil- 
ity of our technique of producing rickets of the desired degree of 
severit1 and uniformity, of anal)-zing various tissues for their 

animal body bv the analysis of various tissues and through exten la1 
counts in the living animal. 

ganic phosphorus compounds and of tracing radiophosphorus in th  e 

3, Worcester Foundation f o r  Exye?%ental  Biology, Xh?*ewsbu 
Mays.-Radioactii-e carbon ((2 14) d l  be used in studies of the llletab- 
olism of steroid hormones in C L Z ~ C ~ ~ O U S  and non-cancerous processes. 
By the use of labeled hormones we hope to determine more exactly the 
part they play in the control of cancer as well as their role in nurn&ouq 
normal body processes. 

Yale University Medical School, New Haven, Cown.-An iiivesti 
tor who has been using the radioisotopes of iodine (I 131), sulfur 
(S 35), and carbon (C 14) to study the action of drugs and.gland& 
secretions in disease states that through the use of tracer isotopes it 
has been possible to unravel problems concerning the cause of sickness, 
Furthermore, the action of poisons like mustard gas has been eluci. 
dated in part by this method and the same technique is being applied 
to the development of aqents for anesthesia. 

Certain hormones (chemical substances made by certain glands in 
the body) are essential for life; many are essential for health. The 
manner in which certain hormones originat8e is not known. The iso. 
topic labeling of substances which might give rise to steroid hormones 
will provide the only direct means of ascertaining the origin of these 
essential compour,ds. No other method will give this important in- 
formation. 

Radiocalcium (Ca 45) has been used in studies of denervated 
muscles. A pilot experiment was carried out to determine possible 
changes in calcium distribution in the denervated muscle as compared 
with the control. Radioautographs were made in order to detect such 
changes. ~ Results on one experiment are inconclusive. 

&fEDICAL DIAGNOSIS AND THERAPY 

Beth Israel B o s p i t d ,  Boston, Mass.-Investigators have been using 
radioactive iodine (I 131) to study and treat diseases of the thyroid 
gland and also certain patients with advanced heart disease and angina 
pectoris. Many patients in whom other forms of treatment have failed 
hare been found to respond satisfactorily to radioactive iodine. The 
optimum schedules of treatment are being ascertained on the basis of 
radioactive tracer studies and clinical observations which are now in 
progress. 

Biochemical Raearch Foundation, Ncwark, DeL-Eadioactive 
iodine (I 131) has been given orally to a patient with angio-inrasive 
adenoma of the thyroid metastasizing to  the bones of the pelvis. the 
lower spine and one of the ribs. The iodine has been given in doses 
of about 30 millicuries ex-erF two weeks and the results followed by 
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. ser coullter surveys. Although there seemed to  be some concentra- 

ti011 of the tumor. It was finally concluded that the radio- 
id l’’$dille was acconiplisliing nothing and its use n-as therefore 
,,L,alldoned. ct i1-e The object of the study was to find the effects upon a 

of the thyroid which has produced metastases? or  tumors, in 
, rts of the body. ,Igncel 

o&er I>” 

Bi,qhil~ghanz 7’e terans’ d n k n h  f ra t i on  Hospital, p7‘nn ivuys, Calif .- 
KiiL~iosctive iodine (I 131) is k i n g  used in this’ laboratory for the 
follon.ing : 

(1) As an aid in the diagnosis of thyroid diseases; 
(L 3 )  For the treatment of thyroid cancer in carefully selected 

cases ; 
(3) I n  a basic study of the biochemistry of the thyroid gland, 

(There its use has resulted in the detection of hitherto unsuspected 
iodine-containing chemical compounds in the thyroid) ; and 
(4) As a chemical reagent essential in carrj-ing out chemical 

a n a l p s  for certain trace substances present in quantities very 
much less than those required for measurement by usual micro- 
chemical techniques. 

@I& of tile radioactive iodine by the tumors. X-ra-  film indicated g a d -  

Brnok&n Caizcer Institute, Brook7yn, N .  Y.-Isotopes have opened 
up a new field for research of carcinoma of the thyroid as well as open- 
%. . (T UP new vistas in the study of leukemia, polycythemia and hyper- 
activity of the thyroid gland. 

polycythemia cases treated with radioactive phosphorus (P 32) 
have also had most encouraging results. 

University of California B o s p i t d ,  San Francisco, Calif .-Radio- 
iodine (I 131) has proved to be useful in studying diseases of the 
th-jroid, normal action of the thyroid, and the fate of iodine in the 
body. It has also been useful in treating certain diseases of the 
thyroid such as toxic goiter. 

Radiophosphorus (P 32)  and radioiodine ( I  131) are proving very 
useful both for diagiiostic and therapeutic work in a limited number 
of patients. 

Cedars of L e b m o n  Eospital, Los Angeles, Cdif  .-Radioactire 
iodine (I 131) is being used to treat and diagnose thyrotoxicosis 
(goiter, Grave’s Disease) and to treat carcinoma of the thyroid. We 
have been able to treat niany cases which -ere inoperable or which 
had not responded to other forms of thyroid therapy, without the 
~urgical risk which usually accompanies this condition. ,4 total of 
44 patients adequately treated were cured. However, as far as the 
details of the treatment are concerned, such as dosage axid total time 
necessary for therapy, the use of radioiodine remains in the research 
stage. 



f 

Unieersity of Chicago, Chicugo, IQ.--'SYe are usiiig radioactive 
iodine (I 131) for the treatment of carcinoma of the thyroid ?nd 
Ityperthgroiciisni. Although our series on both is small we are ha\-lnc: 
some very gratifying results. TTe are also using-radioiotilie clillicallT 
as an aid in diagnosing hrpertbyroidism and estinlating thproid fun;- 
tion. We are also using' it in esperinleiltal animals to study thyroid 
physiolorv and in one case to see if there is an? relatiollship between 
the thyr6ih and tumor formation. 

Cleiy7ciitd ( [iiiic Foundafion,  rkr8~7arrcl, Ohio--?'he following ill- 

(1) Twenty cases of hyperthyroidism were treated with radio- 
iodine (I 131j ; 

(2)  F i re  cases r i t l i  tumor in the neck xere studied r i t h  radio. 
iodine tracer doses before operation or biopsy. Radioatltograplls 
of removed tumor tissues were made; 

(3)  Kine cases of suspected hyperthyroidism were studied with 
radioiodine tracer doses and sufficient eviclence obtained to  mahe 
a definite diagnosis ; and 

(4) One case of adenocarcinoma of the thyroid vas studied with 
radioiodine tracer after removal of the tumor and metastases 
were found in the lower part of the lungs. This patient is being 
treated with large doses cf I 131. 

4 considerable number of patients haye been scheduled for the 
tracer studies and treatments with I 131 in the near future. 

restigatioiis have been carried out : 

CoZumbia Cniversity, College of Physiciam and Sizlryeons. LTem 
Pork, N. Y.-Radioactive iodine (I 131) has proved invaluable in 
the estimation of thyroid function in rarious clinjcal conditions by 
means of the tracer dose. technique. 

It has also proved of great value in the differentiation betmeen 
toxic goiter and the anxiety state. It has been surprisingly effective in 
larger doses in the treatment of toxic goiter. The success rate aver- 
ages about 88 percent in 57 eases of primary and recurrent toxic goiter. 

Radioactive iodine (I 131) has been used to study thyroid function 
in about 350 cases, to treat hyperthyroidism in about 65 patients, to 
prepare radioautographs in 73 cases of known or suspected thyroid 
cancer, and to treat three suitable cases of thyroid cancer with func- 
tioning metastases. 

The tracers are raluable as a diagnostic aid in determining whether 
the patient, has a thyroid disorder. This technique is particularlj 
d u a b l e  in children, where other methods are not very satisfactory. 
The treatment of hyperthyroidism has been very successful ; about 
85 percent of the treated patients have responded fayorablv. The 
mctliod is of particular value in cases recurrent after surgical treat- 
men t . 

Radionutogomphic studies of primary thyroid cancer give informa- 
tion as to the probable uptake in metastases already present or which 
may occiir later. Such studies point the r a y  to possible therap:. 
Thkrapy itself is too recent to evaluate. 

En1 ory c- 
tracer close: 
of the thyr 
apparent c: 

Radiophc 
@hernia TC 
til erapeut ic 

Jefferson 
phorus (P 
and clinica 
thyroidism 
active phos 
polycythenl 
leukemia. 
in hyperth? 
surgical pr 
Radioiodin 
of xhich c( 

Jezcish. E 
phosphorus 
a leukemoi+ 
tient has be 

We plan 
fungus inft 
in guinea 1 
st able iodir 

JolmY H 
hypothyroi 
(I 131) are 

1. c 
very e: 

2. c 
3. c 

f ailurc 
4. c 

clinica 



UKITED STATES ATOMIC EKERGT CORilMISSIOh' 95 

cook Courzty Bospi faJ7  Chicugo. IU.-?Te hare used radioactive 
]lorus (P 32) in the treatment of polycythemia rubra vera and 

~~~~~i~ leukemias. The therapeutic results obtained have been grati- 
and siniilar to those previously reported by other investigators. 

@~~&ophosphOrus, given in tracer closes, has been shown to be of 
~ e f i ~ ~ i t e  value in the dlff erential diagnosis and prognosis of peripheral 
,,,cular diseases. This radioisotope has also been used in the differ- 
pn t l  '31 &aposis  of breast tumors. * 

~ ~ ~ ~ . ~ r y  I/'.1iztcrsity Hospi ful, Emory U?xivemity. Ga.-TTe hare given 
tracer dbses of radioiodine (I 1-31> to several atieiits with carcinoma 
of t1ie thyroid and have given a therapeutic Iose to one patient with 

clinical improvement. 
Radiophosphorus (P 32)  has been used in several cases of poly- 

&hernia vera with good results. Our inipression is that it is a valuble 
dIenpeutic agent. 

Jefferson BospitaZ, Philadelphia, Penna.--Using radioactive phos- 
borus (P 32) and radi0actiT-e iodine (I 131) to study the therapeutic P clinical effect on patients with polycythemia, leukemia, hyper- 

thrroidisrn and cancer of the tlivroid. At the present time radio- 
&re phosphorus is the treatment of choice in patients with primary 

(vera). It is a satisfactory therapeutic agent for chronic 
leukernin. Radioactive iodine is a very satisfactory therapeutic agent 
j11 hvperthyroidism, particularly in those patients ,who cannot undergo 
su&al procedures or mho are sensitive to anti-thyroid medications. 
Radioiodine is satisfactory in those cases of thyroid cancer the cells 
of which concentrate iodine. 

Jezcish Bosyi tal ,  PhiZudeZphin, Penna.--TTe have used radioactive 
pbospliorus (P 32) in treating a case of myeloid metaplasia exhibiting 
a leukemoid response. Satisfactory improvement of the treated pa- 
tient has been observed. 

Ke plan to use radioactive iodine (I 131) in an investigation of 
fungus infection. We plan to experimentally produce sporotrichosis 
ia guinea pigs and to e d u a t e  the response to both radioactive and 
stable iodine in an effort to demonstrate the mechanism of the response. 

Johns Hopkizzs. Bospital ,  Bdtintore, Zd.--The major problems of 
hypothyroidism in childhood being studied with the aid of radioiodine 
(I 131) are: 

1. Can athyreotic cretinism be diagnosed with certainty at n 

2: Can different degrees of athyreosis be measured ? 
3. Can congenital absence of the thvroid be distinguished from 

4. Can th;! diagnosis of thyroid deficiency be made when all 

veri7 early age before clinical s i p s  are definite? 

failure of thvroid function derelopini later ? 

clinical s i p s  have been obscured by treatment? 
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ah .  Studies are being made of the curves shoKing radioactive upt 
and discharge measured over the neck as compared to curves s l i ~ ~ ~ i ~ ~ ~  
the circulating background measured over various other parts of t t  
body. The urinary excretion of I 131 is also b e i q  measured. Stucli,, 
are being made on children with athyreosis and other types of llpp, 
thyroidism, on normal and on hyperthT-roid patients. There are stpi,.- 
ing differences in the various groups, JTe beliex-e that in the .zmtreatpcl 
patient we can definitelv distinguish betxi-een atlixreotic patients and 
normal or liyperth y ro i j  incliridunls. Also it seems possible to dis 
tinguish between completely athyi-eotic patients and those witli p a p t j a l  
hypothyroidism. The effects of thvt.oict therapy, iodine. thyrotropkLi, 
hormone, antithyroid drug: and potassium thiocyanate on the rateL 
of uptake and discharge will be studied in the various groups of Pa- 
tients. We believe it will be possible to clevelop methods of accurate 
cliagnosis and that our studies will extend our knowledge of the phh. 
iolo,T of the thyroid. 

11. 1 

Lakeside EospitaZ, Cleveland, Oh.io.-A doctor of this hospital who 
has used radioactive iodine (I 131) to treat toxic goiter found that 
most cases of this disorder could be completely controlled with one 
two doses of this isotope. Those cases which do not respond could 
probably be cured with subsequent doses of larger quantity. There 
seemed to be no hazards connected Kith the treatment except that of 
destroying too much thyroid tissue, which results in hypothyroidism. 

Los Angeles 
phosphorus (P 
and leukemia. 

Tumor Institute, Los *4ngeles, Ca7if.-Using radio- 
32) to  study the therapeutic effects in polycythemia 
Clinical improvement of patients suffering from poly- 

cythemia has been more marked and the patients remain well longer 
than with any form of treatment previously available. Some of the 
patients with chronic myelogenous leukemia have responded as well 
as with the X-ray therapy previously employed. 

University of Maryland, Budtimore, iUd.-Radiophosphorus (P 32) 
has been used esclusieely for the successful clinical treatment of pa- 
tients with polycythemia vera. 

Mason CZinic, Seattle, W a s h  .-TT7e have used radiophosphorus 
(P 32) in the treatment of patients and in conducting sixteen tracer 
tests. 

Of the ten patients treated, six had polycythemia rem; two had 
Hodgkin's disease; and two had leukemia. The results in polycythe- 
mia vera have been excellent and in our opinion this is the most satis- 
factory agent for the treatment of this disease. The results in 
Hodgkin's disease and leukemia have not been particularly impressive. 

The tracer tests hare been conducted with the object of helping the 
surgeon and clinician determine the presence or absence of malig- 
nancy in superficial or bone lesions. The results have been encourag- 
ing and this program is being expanded. 
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f The value of the tracer studies lies in its use in the sele.ction of 
~ 

,tieJlts for surgerj- w-ho are suspected of having malignant tumors. 
P 'ts present stage ita cannot. be relied upon esclusivelr, but evidence 1 ~t~c,,n~ulatillg that it will be a definite aid in selectiiik patients for 

in whom cancer is suspected and in avoiding surgery for 
with cancer where metastases, or spread? has already occurred. 

lgasahuset ts  Ge n e r d  Hos p ifa?, Boston, iff ms.--Tr acer studies 
*ith (I 131) to estimate thyroid function are made be- 
fore treating persons for hyperthyroidism. This radioisotope is also 
llsed ia the diagnosis of difkilt cases. one phase of the problem concerned with the therapeutic use of 
rndio&ive iodine has been the advisability of using it in pregnant 

Because the age at  which the fetal thyroid begins to func- 
tion mas not knowxf, we have studied this process by tracer techniques 
in women who, for other reasons of health, required an 
interruption of their pregiancy. Indications are that the human fetal 
thpoid begins to collect radioiodine after the fourth month of preg- 
niDc;v. It is therefore assumed that treatment up  to this time would 
P robably be a reasoilably safe procedure. 

,Vassachusetts Memorial Hospital, Boston, Nms.-%dioactive 
phosphorus (p 32) has made possible the satisfactory treatment, p ~ o -  
longition of life, and relief of suffering of some 50 patients suffering 
from various types of leukemia and lymphoma. 

Mayo Clinic, Rochester, %inn.-Radioiodine (I 131) has proved 
to a useful tool in the study of io&de metabolism in man and a 
valuable diagnostic tool in the recognition of certain thyroid dis- 
orders. It  has also proved an effective means of treating certain 
selected cases of hyperthyroidism and is being investigated in the 
treatment of patients with thyroid malignancy. 

Radioiodine has been found to be rapidly absorbed from the stom- 
ach at a constant rate, Y-arying from about 3 to 6 percent per minute. 
It appears in the blood stream as iodide and then disappears a t  a 
regular rate, dependent largely upon the state of the thyroid and 
renal function. In the normal individual most of a dose of radio- 
iodine is excreted in the urine and most of the remainder is fixed in 
the thyroid. I n  individuals with hyperthyroidism proportionately 
more is fixed in the thyroid. I n  patients with myxedema little or 
none is fixed in the thyroid. Apparently in all individuals a small 
amount, averaging about 10 percent of a dose, cannot be accounted 
for in either the urine or thyroid. Observation of urine samples dis- 
closes that radioiodine is excreted at a relatively coilstant rate which 
in normal indiriduals is about T percent per hour. This percent 
refers to the total quantity present in the blood and its equilibrium 
fluids. 

In  individuals with depressed t,liyroid function the excretion rate 
is reduced. Comparison of blood &id urine samples permit the cal- 
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investigator xho has been using radioactiye phosphorus to study D l,lood l.olume states, "The use of red blood cells tagged ni th  P 32 has 
it possible to measure the total circulating volume of red blood 

1113de 
, &." 

an;t,ersitY of Vi~gin/ia, CharlottesviUe, Vu.-An investigator has 
Leen using radioactive phosphorus (P 32) to study the transfer of 
his material into red blood cells under the influence of various anes- 
hetic agents. It has been found that several anesthetics block the 

of radioactive phosphorus into the red blood cell. This work entry pkG to a possible general action of anesthetics and may aid in 
the action of sleep-producing drugs. 

gedkaI  CoZlege of Virginia, Richmond, Vu.-Our research is coil- 
ferried with the evaluation of blood loss and blood needs in surgical 

We have had a great deal of experience with dye techniques 
for the estimation of whole blood volume but have had considerable 
difficulty in getting check results. There has been a great need for 
ttu accurate method of determining red cell volume in clinical surgery. 
arlr results obtained with the use of radioactive phosphorus (p 32) "7 encouraging. The studies have not progressed sufficiently to 
be utely certain, but we feel that this technique will be very valu- 
able in clinical investigations of many sorts. We intend shortly to  
utilize radioactive sodium (Na 24) in the study of certain shock states 
but this work cannot proceed until certain technical problems are 
ironed out. 

We are also engaged in a large research program for the Army in 
connection with radiation sickness. The red cell volume technique 
aith radioactive phosphorus will prove exceedingly valuable in this 
research. Further, we could not carry out many of the proposed 
problems in this field without radioactive material. The nutrition 
mdies which are plaimed with carboE 14 and stable nitrogen (N 15). 
could not even be contemplated without the aid of radioactlve isotopes. 

Rashington Unhemit y, St. Louis, No.-The cancer research pro- 
gam of the Barnard Free Skin and Cancer Hospital has been making 
extensive use of isotopes in a study of epidermal carcinogenesis. Ra- 
diocarbon (C 14) has been used in an effort to trace methylcholan- 
Lfirerie in cells during carcinogenesis. 

Radiocalcium (Ca 45) has been employed in a comprehensive pro- 
p m  of the study of calcium-binding mechanisms in epidermal car- 
clnogenesis and in aging of various mouse tissues. It has been sug- 

79714Ei--qS-7 
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culation of iodide clearances giring an accurate measure of rell,,] 
function. I n  vivo rneasurenients oi-er the thyroid gland &OK the pate 
of iodide fixation by the gland. This data is interpreted as a 1 ~ e : t ~ ~ , ~ , ,  
of the rate at  vhich thyroid hormone is being sptliesized. I n  norani 
illdiT-iduals this rate is found t.0 be about 4 yerc.eilt per nlillute. but in 
indiyiduals Kith hyperthyroidism the rate ni:iv be increased 10 to eo 
fold. Radioiodiiii inay be used t o  study aiiotlier function of tikcA 
thrroid namely, its ability to  concentrate iodide collected from tile 
i,l& as distinct froin its separate ability to synthesize iodide illto 
organic thyroid hormone. 
patient having radioiocIine in the blood, the thyroid, the urine? ailr] 
other parts of tlie body result in a fairly complete picture of the be- 
1iayior of this substance. Such studies &er coiisiderxble pori% for 
adrancing the knowledge of the iiornial and pathologic physioloa of 
the thyroid in health and disease. 

Radioiodine has also been incorporated into a sp the t ic  t h ~ r ( j i ~ ~  
hormone. I t s  aclniinistration to a patient suffering from lack of this 
hormone perinits the obserration of its beliarior in the body. 

Radioiodine has also proved to be an effective ageiit in treating 
patients with exophthalmic goiter whose physical conditions make 
other methods of treatment unduly hazardous. The results of sucll 
treatment have been quite satisfactory in approsim:itelyv 80 percent 
of the cases treated. 

Simultaneous observations lmde 011 

illeha.mj Medical C'oUeyt., Nmhvill+ Ten n.---Using radioactive gold 
(Au 198) in the treatment of tumors in humans. For certain types 
of inoperable aiicl otherwise untreatable tumors this isotope shoas 
considerable promise. X considerable amount of fundamental re- 
search must, however, be carried out before its widespread applica- 
tion becomes feasible. 

Radioactive iron ( F e  59) has also been used for the differential 
diagnosis of certain types of anemia and for the determination of 
the existence of iron deficiency states. 

iVem o?G~l Bospifcd, .Ytw I ' o I - ~ ,  iV. ~.-Radiopllospborus (P 32) is 
coiisidered to be a d u e  in the palliative treatment of polycgthemia 
vera, the chr*oiiic leukemias and in some verp radiosensitive cases of 
ly7.lliphosarcoma. I t  is regarded as another therapeutic tool but is 
selclom relied upon exclusively. 

Uniz*ersity of illichiqan. ,47171, Arbor, Mich.-It can be stated that 
without the' use of radioactive iodine {I 131) q-e would hare been 
unable to treat eff ectii-ely certain patients with cancer and overacti-ritp 
of the thyroid gland. ,4ko our work on iodine metabolism would 
not have been possible. 

It has been demonstrated that certain patients with cancer or over- 
activity of the thyroid, n-ho cannot be treated effecti~el5- by existing 
niethocls of tTrerapl\-, can be treated effectively -crith radioactive iodine. 

It has been possible to determine Tith re1atiT-e accuracy tlie distribu- 

xo,atcfioi 
patients \vi- 
Of these: o 
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negatire. ' 
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and escretioll of iocline in the human body. This information 
for  effectivel,~ and safely treatin? diseases and for acquir- is inF e Illore precise knoKledge of thyroid physiology. 

u7,iqersity of Uinnewtc, illin?icnpolis, Xinn.--To date eight pa- 
tients Fit11 toxic pcliter l i a v ~  been treated v-ith radioactive iodine 
(1 131) with promising results. This therapy has  not been used 
rontinel~ but has been used in patients ~ 1 1 0  ha re  complications. 
Studies have been niacle 011 the excretion of iodine in the urine over 

periocl of up  to 14 clays and the influence of L~ig01 medication on 
itiP escret i on de termiiied. 

R:~clioiOdine has also been used for diagnosing tlipwid disorders and 
determining the uptake in metastases in patients with carcinoma of 
the tllyroid. This niethod has proved very satisf actorp. 

111 mother research program an effort has been made to find dyes 
tllRt r i l l  be concentrated by tumor tissue. The most accurate method 
o f  quantitating the amount of dye in tissue is by "tagging" the dye with 
radioisotopes. 

Radioactive diiodofluorescein has been employed in an effort to 
diagnose and localize brain tumors before operation. To date this 
method has been used successfully in a majority of clinical cases. In  
Spveral instances this technique has proved inore accurate than clinical 
opinion based upon routine neurological examination and the elec- 
troencephalogram. Perfection of this technique should increase the 
accuracj- of dlaposing and localizing brain tumors: and thereby reduce 
the present operative mortalitr and morbidity of such tumors. 

Ridioactive sulfur (S 35) i6 methionine is being used to study the 
metabolism of various organs. These studies will be extended to 
include certain types of cancer. 

Radioactive phosphorus (P 32)  has been used for treatment of 
patients suffering from leukemia and polycythemia vera. Definite 
patient improvement has been obtained. 

Radiophosphorus used in conjunction with pressure cuffs has been 
used for determining its effect on circulation in the extremities of 
certain patients. The information thus obtained has been helpful in 
establishing an improved method of treatment. 

Radioactive iron (Fe  59) has been used for determining uptake by 
red blood cells in one patient suffering f rom hemochromatosis and one 
patient with h~pochroniatic anemia. The inforniation obtained has 
been of value in formulating therapeutic methods. 

i?~O.ii&8fiQiae Bo8pitu7, flew Yoz*lz, AT. P.-A total of twenty-one 
patients with met astatic carcinoma of the thyroid have been studied. 
Of these, on the basis of external counter measurements, seven were 
positire for uptake of mdioactive iodine (I 131) and thirteen were 
negative. Two additional cases r e r e  shown to be positire on the basis 
of raclioautogrraphs obtained. Thus we have yositire uptake in 43 
percent of the cases on admission. 

Two patients were treated with thyroid-stimulating hormone injec- 
tions in order to attempt to induce radioiodine uptake in the metas- 
tases. The procedure was successful in one case. In a third patient 
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in whom there  as uptake on admission, this uptake T ~ S  illcreased 
several fold after a course of T. S. H. injections. I n  two other caseS 
radioiodine uptake was successfully induced b:- “Radiation thryroi- 
dectomy” with radioiodine. 

To date? ten patients with metastatic carcinoma of the thvroid Ilaye 
been treated with varying closes of radioactive iodine. Of tliese, four 
have shown defiiiit e clinicd improvement. One iniprored after the 
initial treatment, but treatment was discontinued with exacerbation 
of‘ the disease and treatment has n o x  been resumed. Two have been 
treated too recently for their cases to be evaluated. Three died. Of 
these, two were insufficieiitly treated because of the difficulty of obtain- 
ing radioactive iodine a t  the time; the third was in a terminal condi- 
tion before treatment was instituted. 

To date, fourteen patients with hyperthyroidism have been treated 
with radioactive iodine. Of these, four have shown excellent them- 
peutic results, four good? one fair and five questionable (we lost con. 
tact with three, one received treatment too recently to be evaluated and 
in one the present status is complicated by other procedures). 

F o r  all therapy doses data is nom being compiled on the radiation 
dosage in equivalent roentgens delivered to  the tissues. These resulk 
will be correlated with biological effects. 

To date, it appears that in thyroid carcinoma there is greater corrb 
lntion between radioiodine uptake and T. S. H. concentration in the 
blood than with histological structure of the tumor. 

University of Nebraska ColZege of Medicine, O m h a ,  Nebr.-We 
have utilized radioiodine (I 131) primarily in the treatment of cancer 
of the thyroid and in diffuse toxic goiter. Radiophosphorus (P 32) 
has been used in the treatment of diseases of the blood and in the detec- 
tion of cancer. We are developing its use in the treatment of certain 
diseases of the eye. 

Radioactive isotopes provide a further means for the internal ad- 
niinistration of therapeutic radiation, and provide such selective radi- 
ation as may result from concentration of particular elements in 
certain tissues. 

Radiophosphorus, through its concentration in bone and in the nuclei 
of rapidly growing tissues, provides a means for irradiation of the 
bone marrom and disseminated neoplastic tissue. Polycythemia vera 
is effectirely controlled by radiophosphorus in 80 percent of the cases 
treated. Leukemia is treated as effectively by X-ray as by radiophos- 
phorus. although each method has limited indiridual advantages. 

Radioiodine provides a means for the selective irradiation of thyroid 
tissue according to its functional activity and differentiation. Deter- 
mination of percentage uptake of radioiodine provides an accurate 
index of thyroid activity. Diffuse toxic goiter is effectively treated by 
mdioiodine with entirely satisfactory remission comparable to that 
f ollov-ing subtotal thyroidectomy. Selected carcinonias of the thj- 
roid warrant combined treatment by surgery, radioiodine and deep 
X-ray therapy. 

Ochsner Clinic! New Orleans, La.-We are interested in the optimum 
therapy for controlling the symptoms of malignant hematologic dis- 
eases over the longest possible period of time with a maximum of com- 
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seful life for the patients, K e  are interested in determining 
fort and to llSe u radioactire isotopes to the best advantage for the above 
hog 
prp@s? Our ,,,,estigations hare not been conipleted but the results of treat- 

f \-era have been especially encouraging. We 
r l l ~ n t  bad 0 two patients whose serere hypertension has disappeared 
!lave with radioactive phosphorus (P 32) ; whether this is 
cc3i~~cic~ence after or a more significant ob, .erration we hope to learn from 
,ddit joiial studies. 

of treatment of polycythemia iTera have been especially en- 
c.ouraging. We have had two patients whose serere hypertension has 

Ad- &sdpp dilional observations will disclose the significance of this type of 
t 21eraPY. 

ohia State Uniuersity, Cohnabus? 07~ia-We have used radioactive 
ho@orUS (P 32) in co!ltrobg the clinical and hematologic mani- 

festations of pplycythemia rubra vera. P 32 is a valuable adjunct to 
other therapy in certain of the more chronic leukemic states, particu- 

in those patients intolerant of or resistant to roentgen radiation. 
klthoug'h internal radiation therapy may cause an occasional brief 
&vorBble effect in the acute leukemias, aJ1 too frequently P 32 has 
,ppeared to accentuate the clinical acuteness of the leukemic process. 
p 33 has failed to control Hodgkin's syndrome effectively and may 
Illreaten the integrit of the marrow unless great care and discretion 

terizes metastatic malignancies to bone may be relieved by P 32. 
Pruritus secondary to leukemia cutis, .polycythemia rubra vera, and 
exfoliative dermatitis have been effectively controlled by radioactive 
phosphorus therapy in selected instances. 

It must be emphasized that the efficacy of this therapy depends u on 
%elective" cell destruction. There is a wide variance in indivi C f  ual 
susceptibility and tissue response. Extreme care in administering 
internal radiation therapy is theref ore essential. 

after therapy with radioactive phosphorus (P 3 2 ) .  

are observed in the 2 Osages used. The deep bone pain which charac- 

u?Live?'sitY of Oregon, Bugem, 0reg.-Radioactive phosphorus 
(P 32) has proved to be of definite value in the treatment of patients 
~ ~ i t h  leukemia, a disease of the blood-f orming organs cj1aracterizd by 
an overproduction of the white cells. 

p 32 has been successfully used in the treatnient of pojycythemia 
rubm \'era. disease of the bone marrow cfiaracterized by an Over- 
production o'f red cells. 

The use of radioactive phosphorus has enabled us to investigate the 
rate of formation of the nuclear protein of the white blood cells, both 
in leukemic patients and in cultures of living human bone marrow. 
This codd not be acconiplished except by the use of isotopic tracers, 

D?tit'ersity 0 f Penmyhm&x, Phii'adelphia, Penna,-&th radiophos- 
h o r ~  (P 32) and radioiodine (I 131) have been used in our work. 

iadioactive pllosphorus is being applied in clinical research in the 
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treatment of polyc~tlreiiiia and leukenria, as ii-ell as in diag11osillg cer. 
tain other neoplastic diseases. Ractioplro~,phorus is of denlolistrated 
~.alue in pol>-c~tlreniia vera. Its role in the treatment of other diseases 
is not clefinitely established. Some b:tsic research is also beillg delle on 
the dosage distribution in tissues obt ainecl with radioactive phos1)horus. 

Radioactive iodine is being used in clinical research and for  its 
therapeutic value in hyperthls-roidism and suitable carcinoinas of tile 
thyroid. Diagnostic applications in this r o r k  are in determining the 
level of metabolism and suitable carcinomas for such therapy. 

6antu Barbara Cottage Bospita?, Sun f a  Bwbara, Calif .--One 
patient sufferiiig with chronic myelogenous leukemia was given tao 
oral administrations of radioactive phosphorus (P 32). The patient 
who had no subjectire symptoms or adenopathy, responded satis- 
factorily to the treatment as indicated by a lon-ering of the white 
blood count. 

The use of radium for hemangiomata over epiphyses in infants is 
dangerous because of the gamma-ray effect on bone growth. Surface 
application of P 32 instead of radium is being used with satisfactory 
results to' date. Plaques hare been designed which afford protection 
to both operator and patient. KO affect on bone growth is expected 
because of the absence of gamma radiation and the relatively slight 
penetration of the beta radiation. 

Xinzpson ;?1e?no?*id Imtitzite, Detroit, Nich.-Radiophosphorus 
(P 3 2 )  ha? been used chiefly in the treatment of patients with poly- 
cythcmia rem. Twelve patients with this condition are now being 
satisfactorily treated at  rariable intervals. ra iying f roin one year to 
t h e e  years. Some patients have been treated for eight Fears having 
previously been treated with P 32 receiyed f roin cyclotron sources. 
TTO patients have dere lopd  acute leulreinia after treatment x i th  
radioactive phosphorus. K e  hare also t r e a t d  a total of tKentS 
patients with leukemia. 

Our experience would indicate that radioactive pliospllorus is at least 
:is d u a b l e  and may be preferable to X-rar therapy in the nianagement 
of pol ycpthemia rera and leukemia. ITe have carried out cletermina- 
tions of P 32 uptake by circulating red blood cells and d i i t e  cells, 8s 
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L i  q*Jtai ao,,pifcrZ. Ba7tinzo~. .lfd.--,lmonp the inany serious problems 
the fielcl of niedicine one of the most important is thrombosis of 

This 
l,:,rticu];u disease Bills more people than cancer of the stomaell. 
In order to attain an ideal objectiT-e-tlmt is the prevention of tlirom- 
itosiS of the reins-one must hare a thorough knovledge of the venous 
b l o o ~  flow throughout the body, but more specifically in the lower 
e,trcnlities. In a11 effort to uiderstand tlie blood flow in the lower 
rStrelllities we have ~~sec l  radiosodium (Ka 24) as a tracer to deter- 
mine the segmental linear venous velocity in the legs. Without the 
ug of this radioactive tracer i t  would hare been impossible to measure 

the rate of blood flow Tithin any one part  of the body. 
so-\f the use of radiosodium and a Geiger counter one can nieas- 
ure quite accurately the h e a r  venous velocityi: thereby adding to the 
fundamental hion-ledge concerning the dreaded disease, venous 
thrombosis and pulmonary embolism. 

j-eills and its grarer complicat,ion, puln~onary embolism. 

Th 01 *n dike dle???o rid L ab o mf.ory,  B os ton, L’Ma sfy.-JJ7e have used 
rndioactive iodine (I 131) in conducting an extensive inrestigation 
of the physiology of the thvroid, and have also treated 102 patients 
\r-ith thyrotoxicosis, 4 witg non-toxic nodular goiter, and 2 wit11 
c:Incer of tlie thyroid. The results in these cases have been excellent. 

Veteran&’ A dnzinistration. Hospital, Bronx, N .  Y.-Radioiodine 
(1 131) has been used in solving problems of thyroid metabolism. 
This valuable radioisotope has been of service in the diagnosis and 
treatment of toxic goiter and hyperthyroidism. Certain cancers of 
the thyroid gland are now under treatment. 

Radiophosphorus is no5-v being employed as an adjunct to X-ray 
radiation in the treatment of diseases of the bone marrow, lymph 
nodes, h - e r  and spleen, such as leukemia, Hodgkins’ disease and 
I+miphosarcoma. 

Ta7c U!t?iwN”y, Kew Ba~e i2 ,  Conn.-From a therapeutic point 
of ;Tien- it has been possible to use radioiodine (I 131) to  suppress 
disease. notab17 in goitrous conditions. I n  smaller doses radioiodine 
has been uiecl to  detect disease of the thyroid. Such usage includes 
the localization of deposits of cancerous tissue as a prelude t o  
t reatnient. 

AGRICULTURAL RESEARCH 

I’LAXT PIIYSIOLOGY 

t’niaemify of Culiforri ia. Berkeley, Cct7if .-*4bsorption of radioiso- 
topes of niolybdeiiuiii (310) ~ vanadium (V)  , columbium (Cb) , and 
manganese (bln j by plants is being studied. The biochemistry of 
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molybdenum and manganese have signscance in agriculture in that 
they play an important role in nitrogen metabolism. By the use 
of isotopes we can study the distribution of absorbed elelllents in 
the various organs of the plant. 

The value of isotopes in our research is to facilitate the studr of 
metabolic processes in plants. There is need for gaining a bitter 
understanding of the fundament a1 biochemical processes that occur 
in plants. 

The problems of h o r  organic compounds, such as sugars, starche,, 
organic acids, cellulose etc. are formed and broken doxn in plants 
are of prime importance. The intermediate steps involved in the 
process of plant respiration are poorly understood. It is hoped that 
by the use of radioactive carbon (C  14) these problems Fill be 
elucidated. t 

Carbon 14 labeled glucose, fructose, sucrose and starch were pre- 
pared by exposing various plants to radioactive carbon dioxide in the i 
presence of light and allowing them to photosynthesize for certain r 
periods of time. These radioactive carbohydrates are used for the i study of the mechanism of carbohydrate formation and breakdon 
in plants and also for the study of carbohydrate metabolism in 
animals in such problems as diabetes. 

* 

r 
E 

By the use of radiocarbon (C 14) it has been possible to show that 
a number of non-photosynthetic bacteria can use carbon dioxide to 
make acetic acid. The study of this process may aid in understanding 
the photosynthetic process whereby carbon dioxide is used by green 
plants to make organic compounds. 

By the use of C 14 it has been shown that long chain fatty acids 
are built up of two- or three-carbon pieces, such as acetic acid. Some 
of the steps involved in fatty acid synthesis have been worked out. 

t 
P 
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University of Calif omia-Citrucs Experiment Station, Riuerside, 
CaJif.-Sulfur is still one of the most effective and important in- 
secticides and fungicides used on crop plants. Its cheapness may 
insure this position for  some time to come, but it has the shortcoming 
of injuring plants during hot weather. The physiology of “sulfur- 
burn” has been studied here for several years to lay a practical founda- 
tion for “safening sulfur’?. It has been found that elemental radio- 
sulfur ( S  35) dusted on the peel of intact lemons which were subse- 
quently‘heated 6 hours at  140” F. penetrated the peel to a depth of 
240 microns. 

Lemons dusted with S 35 and incubated a t  105” F. gave labeled 
H,S, SO,, and SO, as H,SO,. The fruit released an exudate which 
contained radioactive SO,. 

1 
1 
I 

t 
i I 

i Calif omia  Institute of Technology, Pasadena, Calif .-An investi- 
gator has been using radioactive carbon (C 14) to determine the 
manner in which rubber is made by the American rubber plank 
guayule. He  has shown that carbon contained in the simple molecule 
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filybivc?*S.ccity of Chicago. Chicago, IlZ.-Investi~ators who have been 
usin, radiocarbon (C 14) to  study photosynthesis in plants state that 
Kith the aid of this new tool it has been possible to distinguish com- 
pOLl& which were formed initially and compounds which were 
formed later in the course of this photochemical process. Since 
for nlmy reasons it can be expected that intermediary compounds of 

metabolic reactions, such as respiration and fermentation, have 
a 0  aleat similarity to the intermediates to be found in the synthesis 
of sugars, it is only by means of tagging certain carbon compounds 
that one is able to attribute the origin of a substance extracted from 
the plants to one or the other of these metabolic processes. 

Co.lzmcticut Agrkultural Expem'm.en.t Sta-tion, Xew Eaven,  *Corm.- 
EInploying a gravel nutriculture procedure, corn of high quality and 
yield has been produced. Radioactive phosphorus (P 32)  was intro- 
duced into the nutrient solution when the corn was in the early milk 
stage of kernel production. The mature corn p a i n  had the highest 
radioactivity of any part of the corn plant. The radioactive grain 
contained a sufficient amount of radioactivity to make it satisfactory 
for a poultry feeding experiment. 

Cornell Univemity, I t hma ,  A7. Y.-Our experimentation with radio- 
active calcium (Ca 45) has made it possible for us to evaluate directly 
the efficiency of various methods of liming to supply calcium to plants. 
It has also confirmed our previous deduction that yield responses to 
liming cannot be simply attributed to the increased supply of nutrient 
calcium in the soil. 

From 10 to 20 percent of the calcium in the alfalfa plants was 
deri-F-ed from CaCOs applied to an acid soil with the seed at the rate 
of 500 lbs. per acre. When a ton of CaCO, was mixed with the upper 
4 inches of soil, 50 percent of the total calcium in the plants came 
from the applied lime. As the application increased to 2 and 4 tons, 
the percentage of calcium in the plants derived from the applied 
CaCO, increased to GS and 75 percent respectively. 

Enzyme Research, Lcrboratomj. Albany? Calif .-A new and possibly 
a very important tvpe of phosphate transfer was strongIy suspected 
to occur in certain klant and animal tissues. With radioactive phos- 
phorus (P 32.) it has been possible to confirm this reaction. 

In  order to assess the role of this phosphate transfer in plant metab: 
79714 84+8 - 
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o h m  and particularly in the specific problem of the maturation alld 
storage of citrus fruits. tlie continued use of radioactive phosphorus 
is ~i-ell-nigh indispensable. 

h i  incidental result of the research in this laboratory has been the 
development of a simple method for  conrerting radioactire pliosphnte 
into radioactive phosphorns oxychloride. The latter substance is use- 
ful in preparing labeled organic pho~phates. -i~hich are of importance 
in the investigation, not only of tlie life reaction in plants, but also in 
studying those reactions in animals. These reactions n ~ a y  have a 
bearing on the cancer problem. 

Considerable work on investigating the respiratory processes in 
citrus fruits is being based on the use of radioactive carbon. The 
availability of active carbon simplifies t*he approach to a problem 
which has resisted understanding by application of coIrvelltion,l 
chemical procedure. 

Bawaiian Sugar Planters Association. Bono6ulu. T. H.-By use of 
radiosugars containing radiocarbon ( C  14) we have been able t o  
measure more satisfactorily the rate of interchange of glucose, fruc- 
tose, and sucrose in the sugar cane leaf and to measure the rate of 
translocation of carbohydrates. 

By use of radiocobalt (Co 60) we hare measured the movement of 
the water stream in the plant., and we have found the lethal dose of 
gamma rays on several organisms. 

U?&.*er.siiy of Hawaii, Ho~wZuZzc, T. B.-Ritdioiro11 (Fe  59) has been 
used for determining the physiological mechanism in the chlorosis of 
pineapple plants when supplied with great amounts of manganese. 
It would have been impossible to carry out this investigation mit,li m y  
stable iron isotope. 

The results obtained show that iron presumably combines with some 
enzyme (ferment) which stimulates the formation of the proteins of 
the chloroplasts which in turn retain the chlorophyll. 

* 

Stanfc  
phospho 
phorus b 
this T J O ~  
in the i 
Tbe t9p 
through 
tigation. 

Ulzive 
the ultii 
nature o 
known. 
( C  13) : 
the stud 
cnrichec 
and leal 

University of Minnesota, Minneapolis, Minn..-Our research pro- carbon ( 
Plant gram is designed to determine the biochemical mechanism of photo- 

qmthesis, a reaction of great fundamental biological importance. carbon ( 
and the Current knowledge of this process has reached the stage where further 

progress would be exceedingly difficult without the aid of appropriate Since c 
cti oxide tracers. Currently the most useful isotopes for this study are radio- 

carbon (C 14) and deuterium. f dicatior 
f syt l ies  

separat 
vhemico 
bp mea 
Results 
of the 1 
amount 
activi t j  
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Ohio Agric-uZtural Experiment Station, U ' o o s t ~ ,  0 f r  io-Radiophos- i 

i leaf tissues, and to study the phosp K orus requirements of blight fungi 

phorus (P 32)  is being used to study the movenient and accumulation of 
phosphorus in corn plants, to stttd-j- lrosphorus deficiency symptoms in 

growing on the leares. Radiozinc (Zn 63) is being used to study the 
exact zinc requirements of corn plants. d 



ptbrdue Uniztersity, Lafuyef te .  Ind.-We have been investigating the 
.,bility of PI Lmts to utilize sulfur in the form of sulfur dioxide directly 

To do this, it is necessary to be sure that the applied 
s1 rlhr has been reduced by the plant to organic sulfur compounds. 
bv using radioactire sulfur (S 35) in the form of sulfur dioxide, a 
$ b d L  * $  effectively put on the applied SO,. I f  this sulfur can talien be 
isolated in the organic matter of the plant, the ability of plants to 
;tilize .tmospheric SO, stands unquestioned. Since sulfur is a major 
,lutrieIlt element for plants and an essential part of a t  least three 
aIliino acids and trnw vitamins, its importance cannot be oyer em- 
pllasized- 

nutrition. 

Stm f ord Unhwsi ty ,  Palo Alto, Calif .--We are using radioactive 
pbqhorus  (P 3.2) in a study of the nietabolic exchange of phos- 
2 ~ l l o ~ u ~  betlreen tobacco and mosaic rirus and its host. It is hoped that 

work will throw some 1if;lit on the unknown processes involved 
jI1 the irnportallt problem of virus metabolism and multiplication. 
Tile type of study in which we are engaged is made possible only 
t])rwih the use of isotopes to label various components under inves- 
tigation. 

University of Texas, Austin, Tea.-Despite the fact that plants are 
the ultimate source of foods for most of the earth's inhabitants, the 
1lilture of the first formed food substance in photosynthesis is still not 
knorn.  The recent availability of such tracer isotopes as stable carbon (e 13) and radioactive carbon ( C  14) has afforded a new method for 
the stud7 of this perplexing problem. Barium carbonate which was 
ciiriched Kith either C 13 or C 14 was converted to carbon dioxide 
and leaves of bean and barley plants were allowed to use this labeled 
carbon dioxide in their food making process of photosynthesis. 

Plants cannot differentiate between the labeled and non-labeled 
carbon dioxide, yet physical instruments such as the mass-spectrometer 
and the radioactivity counter can detect these differences accurately. 
Since carbon is an ever present element in foods, labeled carbon 
dioxide serres as  an indicator of the food which a plant makes. In -  
dication of the first fornied foods in plants is afforded by short photo- 
spthesis periods in labeled carbon dioxide, followed by immedj ate . 
separation of the plant into its biochemical fractions. These bio- 
c.hemicn1 fractions were analyzed for the presence of tracer isotope 
bv means of the mass spectrometer or the radioactivity counter. 
Results f roin one hour photosynthetic' periods show about one-third 
of the labeling agent in the sugar and one-third in the starch, small 
amounts in the soluble and insoluble protein fractions and almost no 
activity in the cellulose. pi,ment, and fa t  fractions. 
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Although the investigation of this problem is not yet coiiiplete, man 
interesting facts have thus f a r  been learned. Some of these facts \vi{ 
enable us to choose plants which Kill produce energy -rich chemical 
compounds in their first or early stages of growth. This is especially 
important in the case of range grasses which are closely cropped 
by grazing animals. 

UTzited States Department of ,ilg~.iC u ltu re Be Zt sv ille, Md.--Since 
the discovery of the growth re@ating effects of organic compounds 
as applied to growing plants, it has been of the utinost importance 
to agriculturists to ascertain the chemical mechanism of their action, 
Because the amounts of these substances required to produce growth 
regulating effects is so small, conventional chemical methods can- 
not be used, and it has been necessary to devise ultra-micro niethods 
for measuring their translocation and accumulation in the plant. The 
use of radioactive elements as tracers in these organic compounds has 
provided an extremely sensitire and practical means for accomplishing 
these purposes. Fo r  this reason, radioactive isotopes have provided 
the first and perhaps the only means for conducting investigations in 
this very important field. 

Results of research conducted with radioiodine (I 131) along these 
lines hare led to the following conclusions : 

1 Organic plant-growth regulators actually enter, are trans- 
located and accumulated by the growing p1anX 

2 Accumulation of the regular is greatest in the parts of the 
plant which are most actively growing a t  the time of application 
of the regulator. 

3 No essential differences in the rate of absorption, transloca- 
tion, or accumulation can be shown between dicotyledonous plants, 
which are markedly affected by the regulators, and monocoty- 
ledonous plants which are unaffected by the same regulators. 

4. Evidence, as yet inconclusive, has been obtained to  indicate 
that the differences in response between different plant types 
are due to differences in the chemical reactions which take place 
between the growth regulator and essential plant metabolites in 
the two cases. 

Radiophosphorus (P 32) has proved to be of unique value in assess- 
ing the effectiveness of fertilizers. Bp its use, and only by its use, can 
the amount of phosphate supplied by a fertilizer for the growth of 
plants be determined. 

The Bureau of Plant Industry, Soils and Agricultural Engineering 
is cooperating with the various states in applying fertilizers contain- 
ing radioactive phosphate to the solution of problems of correct plsce- 
nient of fertilizers, suitability of rarious phosphatic materials as fer- 
tilizers, assessment of levels of phosphate soil fertilities, and effectire- 
ness of various field crops in obtaining phosphate from soils and fer- 
t ilizers. 

Unieersity of Wisconsin, Madison, Wis.-The Biosynthesis of 
Labf7ed Conipounds..-In many cases the synthesis of compounds 
labeled with radiocarbon (C 14) is a difficult? if not impossible, task 
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qi t jl the techniques of organic chemistrv. The potentialities of the 
.oiler plants as biosyntlletic agents are 6eing explored? for frequently 

lllF {he P latuts can accomplish a synthesis from CO, m-ithout difficulty. 
+,llple techniques hare been cleyeloped so that \Tit11 a few dollars' 
kortll of equipment one can grow plants in closed systems? supplj  

allow them to assimilate the CO, by photosynthesis 
incorporate the C 14 knto a variety of compounds. The labeled 

c,nlpounds can then be isolated. 
c 14 labeled starch has been produced in this manner, and the organic 

malic, succinic, citric and isocitric have been labeled and isolated 
for other studies. 

Rith 

e 

 he Nechanism of Photosynthesis.-In conjunction mith our studies 
tlie biosynthesis of organic acids Kith the plant bryophvllum caly- 

cinum it was observed that the C 14 supplied as CO, acciniulated in 
malic acid after short exposures of the plant to C1*O,. As work with 
lgae in recent years has suggested the possible importance of malic 

lcld as an intermediate in photosynthesis our interest was aroused 
in determining the distribution of C 14 photosynthetically assimilated 
by bryophyllum. In  lants illuminated and supplied with Cl4O0, for 
2 hours, 95 percent o f t h e  C 14 of the organic acid fraction was in 
malic acid and the malic acid had about 10 to 20 times the specific 
activity of the other organic acids. Fixation of C1400, in the dark by 
this plant also incorporates the bulk of the C 14 into malic acid. 

4 

1 

f 

* 

1 

The Oxidation of GZyco7ic Acid by Plants.-Plants contain a power- 
ful glycolic acid oxidizing enzyme. The mechanism of the oxidation 
remains obscure but there are indications that a condensation of 2- 
nlycolic acid molecules occurs before oxidation is completed. Glycolic 
acid labeled with C 14 is being synthesized currently to aid in tracing 
the pathway of glycolic acid oxidation. 

' 

The Role of Biotin in CO, Fimtion.-Studies have been made of 
the function of biotin in the carboxylation of pyruvic acid to form 
oxalacetic acid. m i e n  lactobacillus arbinosus cells are gomi oh a 
biotin deficient medium they have very litrtle ability to fix Cl4O0,, but 
xhen grown Kith biotin they fix C1400, a t  a rapid rate. Isolation of 
compounds from the cells indicated that a large share of the C 14 
fixed was incorporated into aspartic acid. All evidence suggested that 
pyruvic acid was carboxylated to yield oxalacetic acid which upon 
transamination yielded aspartic acid bearing the C 14 label. 

CO2 Fixution. in the t'rea Cyde.-It has been shown that in tissue 
homogenates syntliesiziiig urea, almost all of the C140r assimilated is 
incorporated into urea uiider the experimental conditiolis employed. 
Thus tshe function of CO, per se in urea synthesis was substantiated: 

I 
1 

I 
f 

In  our investigations on the niecli anism of biological nitrogen fixa- 
tion, a problem of fundamental importance in agriculture because of 
the significance of nitrogen for crop production, we are using stable 

~ 

t 
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nitrogen 15 and deuterium (heavF water) for tracer work. As with 
so many problems in biologic~l mechanisms, such ”tracers” are 
pensable for many inrest igations necessary for an understanding uf 
horn nitrogen of the air is fixed bv bncteria and legunlinous plantss 
Before the labeled atoms were available, the work XTRS siniply not donc. 

Uni u e mi t y of Ca 7ifo rn ia. B crk dq, Cn Zif .-Radioac t i ve phosphorus 
(P 32) is being used in the study of the arian lymphatic leukosis corn, 
ples. Tho disease is of major econoniic iniprtance to the poultrp 
industry and of considerable interest to cancer research. The isotope 
is being used to “tag” the phosphorus of normal and neoplastric tissues, 
and thus to study the phosphorus metabolism of these tissues. The 
information gained by the use of this technique vi11 be of value in 
comparing the avian disease to similar diseases of experimental ani- 
mals and man. 

An investigator who has been using deuterium (H 2) in amino acid 
metabolism studies vcith chicks states the following : 

“The stable isotope of hydrogen (deuterium) provides a potent tool 
for  the study of the interrelationships of two amino acids in the diet 
of the chick. The amino acids being stuc1ie.d are important con- 
stituents of muscle and other tissue proteins. The fundamental in- 
formation obtained should aid in providing th6 niost efficient use of 
~a luab le  protein supplies.” 

C o m l l  University, Zthaca, A. Y.-Radioisotopes will be invaluable 
in our work on the physiological basis of the ability of birds to navi- 
gate over long distances without apparent landmarks. This phe- 
nomenon of orientation and navigation by migrato birds has baffled 

released in territory where they have never been before. Many species 
return from hundreds of miles in such homing experiments, and the 
accurate timing of such returns has been very difficult in the past due 
to the virtual impossibility of keeping a human watcher constantly at 
the bird’s nest to note the exact time of its return. By placing minute 
amounts of radioactire zinc (Zn 65) on the bands used to mark these 
birds it i ~ i l l  be possible to  time their return by means of automat-ic 
recording radiation meters. The amount of material applied to  the 
bands will be so minute that i t  will barely increase the radiaOion dose 
received by the bird above the natural background froin cosmic radia- 
tion and natural radioactivity. 

The results of these. investigations are expected to clarify the basis 
of - orientation and navigation in migratory birds, and possibly to 
suggest methods which might be useful for men who in uninhabited 
regions or because of accident, must find their way a h u t  by rough- 
and-ready means, without benefit of elaborate instruments. 

scientists for some years, but progress is bein ma T e by the detailed 
study of homing flights in which birds are arti E cially transported and 
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p,liztersity of Florida, Gaines d Z e ,  FZn.--TT'ithin recent years there 
ttas been geileral recognition that certain minerals in extremely small 
,Illounts are essential for aninial health, having a regulatory function 

-lRf to that of the ritaniins. The bodily requirements for these 
Gin11 ;lemellts are so minute that their function cannot be studied with 
 ordinal^^- methods Of ch emical analysis., The use of radioisotopes 
,ffers UIlique possibilities for the investigation of the role and func- 
tion of tliese minerals in animal metabolisni. I t  is expected that these 

Fill contribute to improved animal production as Tell as im- 
roved nutrition for  all species including man. 
Detailed information is available on exactly how animals absorb 

and utilize copper, molybdenun~ and phosphorus. Ingested copper 
is poorly absorbed, whereas intrarenously injected copper is highly 
retained. Assimilated copper reaches all tissues? enters into the red 
blood cells and d l  the blood forming centers; however, it is mainly 
stored in the liver. 

hiolybdenum is very readily absorbed a i d  tends to be deposited in 
b i l e  in large amounts. Mol!-bdenum is of importance from tlie 
standpoint of interactions xith other nutrients. 

study of what happens to phosphorus fed to  the lactating dairy 
indicates that about 40 percent will be excreted in the feces, about 

10 percent in the urine, about 15 percent mill be secreted immediately 
ill the milk, and the rest deposited in the body stores. Roughly 80 
percent of the phosphorus in milk is calculated to  have reached there 
ria the body stores. The incorporation of ingested phosphorus in 
blood and milk phospholipids as well as in the casein is relatively slow. 

ATew Pork University, N e w  Pork, N .  Y .-Radioactive iodine (I 131) 
2nd sulfur ( S  35) are used in the pipsyl derivative method of esti- 
mating amino acids and pyrimidines. Without these radioisotopes 
it does not appear that methods sufficiently sensitive and selective 
could have been developed. These methods are used in the investi- 
gation of proteins. Differences between the proteins of normal and 
abnormal tissues, if present, may be demonstrated. An insight into 
protein structure can be obtained from the use of isotopic reagents 
to label end groups or partially hydrolyzed proteins. 

The method has been developed in detail for eight amino acids and 
two pyriniidines. I t  has been used for the estimation of three com- 
binations of two amino acids (dipeptides) and to  determine in part 
the arrangement of ainino acids in the simple protein, silk. 

- ~ 

Pa777ce, Davis and Company, Detroit, Blidi-Eadioactive 
iron mixtures ( F e  55 and 59 were administered parenterallv 

colloidal 
in single 

and multiple doses to ducklings and canaries. *These studies reveal 
the f ollo.iring : 

Eadioactivit is evident in red blood cells 18 hours following single 

amounts of radioactivity are found in blood cells with negligible 
amounts in plasma. 

Radioiron is utilized more rapidly by blood cells following intra- 
ve1iOUS iiij ection than following intraperitoneal administration, 

intraiyenous ac r niinistratioll. During the next 70 hours, increasing 
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Radioactivity of perf used tissues of duclrliap receiring multiple 
doses of niaximally tolerated amounts of radiolron over a period of 
23 days was greatest in the liver: bone niarrotr, and spleen. Lessel. 
amounts occurred in otlier tissues studied. 

There was 110 evidence of intolerance of radioiron of specific activity 
of one millicurie per gram apart from the tosicitv of iron itself. 

The in vivo effects of radioiron on tn-o species of malarial parasites 
were studied. Plasiiz odium cadhenz.erizW?z. infections were established 
111 canaries ha\-ing 0.12 niicrocuries per milliliter of blood. P. lop- 
hurm infections were initiated in ducklings having 0.10 microcuries 
per milliliter of blood. There was no evidence of radiation damage 
to the plasmodia on the basis of their morpliology and ability to  pro- 
duce an acute parasitemia. 

University of Pittsburgh, PittsburghL: Peima.-Radiocopper (Cu 64) 
was introduced into the white of Leghorn hen eggs at 0, 24, and 48 
hours after incubation and observations were made from 24 to 48 
hours after injection. A striking concentration of copper M was 
observed in rapidly developing and/or growing regions, such as the 
brain, spinal cord and tail. It was sliown that these patterns of 
copper concentration closely paralleled the patterns reported by other 
workers for the metabolic rate, cytochorome oxidase activity, and 
oxygen uptake. 

These experiments illustrate the usefulness of radioactive isotopes 
in the study of mineral inetabolisni under both normal and abnormal 
conditions. 

Similar studies are now being conducted with radiophosphorus 
(P 32)  and the results thus far are paralleling those of the experi- 
ments with copper 64. 

The studies with phosphorus are beizig extended to  include distribu- 
tion of phosphorus 32 in the shell, shell membrane and fluids of 
the egg. 

Purdue University, Lafayette, 14.-Radioiodine (I 131) has been 
used for testing iodinated casein absorption in animals. Z t  is komn 
that iodinated casein products are beneficial in agriculture for the 
increased fattening rates of animals. Iodinated casein prepared 
with radioactive iodine is used to study the absorption rates from 
various parts of the alimentary tract of animals to determine the best 
means of administr_ation of such substances. 

Washington. Univwsity, St. Louis, Ho.-Turnover and metabolic 
function of phosphate compounds in intact cells, particularly with 
reference to meclianism for utilization of phosphate bond energy 
in synthesis of cell constituents such as proteins, fats and carbo- 
hydrates hare been deterniined. 

Univemify of Wisco~zsiri. Jf udison, Wk-In certain areas of this 
country the element molybdeiium occurs in high concentrations in the 
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It is picked up in the herbage and is injurious to the health of 
$1. i:, r,u auinlals. 

interested in ( a )  finding out where 3 dose of molybdenum 
n.hen given to  an animal and (b) studying the effect of sub- 

r does es ,Thich d l  counteract the toxicitv of molybdenum. 
distinct ad~~antag,e to use an &tope in (a) since the given g311c 

f r,diond~bdenu1il (310 99) is different from any inert molyb- dose 0 in the animal tissues. A chemical assay fails to 
vuisl1 between the two forms just as certainly as the animal distti1b ca11n differentiate between inert and radiomolybdenum. 

In (b) a, large iiuiiiber of assays are required. These may be car- 
ried out, in a few minutes with radiomolybdenum but would require 

a f;.bereforc, the chief advantages of using the isotope in this research 

1 a very rapid uptake of molybdenum into all animal tissues. 
2 a higher deposition of molybdenum in the bones and kidneys. 
3 an unknoxn substance exists in beef liver, apparently not 

This work is a part of a broad problem to study the health and 

It is a 

weeks v i th  ordinary molybdenum. 

speed and accuracy. 
our results show : 

copper, which will counteract the toxicity of molybdenum. 

nutrition of farm animals. 

IXDUSTRIAL RESEARCH AKD METALLWRGT 
&?ied C’hsnzical & Dye Corpo?*ation, New Fork, N .  Y.-Esperi- 

ulents have been started using deuterium (H 2) as a tracer on the 
quantitative determination of the residual water o r  hydroxyl content 
of alumina samples. It is anticipated that a t  elevated temperatures 
an exchange reaction will occur between gaseous deuterium and chem- 
ically bound water in the alumina. 

It is planned to follow the change in the deuterium content by 
tliermal conductivity measurements or, if necessary, by the mass 
spectrometer. 

Brush Development Conzparrty, CleveZad, Ohio.-We have under- 
taken to prepare crystals of potassium pentaborate and lithium sul- 
phate containing heavy hydrogen in order to investigate the piezoelec- 
tric * and elastic properties of these crystals. 

Crystals of potassium pentaborate containing heavy water mere 
groxn and their most important piezoelectric mode studied. It was 
found that the substitution of heavy hydrogen did not affect this 
mode 1nateriall-j-. This mode therefore, is not connected with hydro- 
gen bonds and differs froni similar modes in certain other piezoelectric 
crystals. 

Calif otvw’a Research Corporation, Richmond, Cali f.-Radioisotopes 
are beginning to plar an increasingly important part in the solution 
of our research problems. ,4t the present time x-e have started work 
lvith radiocarbon (C 14). Hydrocarbons typical of petroleum com- 
pounds are labeled with this isotope and are subjected to catalytic 

* (Electricity or electric polarity due to  pressure, especially in crs-stallieed substance, 
88 quartz.) 
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processes. BJ- measuring the actirit;r in the reaction proclucts. v e  are 
able to obtain iiiforniatlon about the path follon*ed 1 ) ~  the labelecl 
compouncl in tlie reaction. This ~ o r k  is of considerable illiportallce 
and vi11 probably be e s ~ x ~ n d e d  in the future. I n  addition, we are 
actively planning radio t racer  work using several other tracer 
materials. 

cc7 Con~pun  y. ilIiiI7~11d. Xic7t .-Te are using radio. 
carbon (C 14) for tm-o research projects v-hich could not OtlierRise 
have been unclertaken. T h e  first of these is a studS on laboratom 
aiiimals to determine the tosicolo@cnl effects of some coiimion chem- 
icals which find wide-spread uses 111 everyday life. The second prob- 
lem is the detection of carbon in metallic nmgnesiurn to  cIetermine 
the role of carbon-containing coinpounds in altering the grain size 
and thus physical properties of the metal. I n  both of these problems 
the radioisotope furnishes a method of distinguishing carbon from 
one source from all other carbon in the experimental system as well 
as providing a more sensitire method of analysis than has been avail- 
able before. 

Eastman Koduk Company, Rochestel?, T .  Y.--,4ttei11pts are being 
niade to use radioactive gold (L4u 198) as an analytical tool in the 
determination of metallic silver in 8 photographic material. The 
swcess of tlie method will depend upon finding conditions such that 
one atom of gold replaces one atom of silver, and any excess gold 
salt c m  be washed out. I f  this can be done, it should be possible 
to determine quantities of silver much smaller than those which can 
be determined b 7 the standard analytical procedures, and, hence, it 

formed in x photographic exposure. 
shbuld be possib i e to determine directly the minute amount of silver 

General ElectT$c Company, Xchenectady, AT. Y.-A4n investigation 
of high teiiiperature alloys, as applied to the gas turbine field, is being 
carried out with the use of radioisotopes as tracers. These radio- 
isotopes offer a means of studying an individual component, in a multi- 
component system, entirely independent of the other elements which 
map be present. Such an investigation is impossible without the use 
of radioisotopes. 

Eadiotungsten (W 185) has been added to several melts of high 
t emperature alloys and nunierous autoradiographs have been made. 
Generally speaking, the autoradiographs do not hare the high degree 
of clarity that is required but enlargements of 50 diameters have been 
iiiacle with success. Efforts are being macle a t  the present time t o  pro- 
cluce autoracliographs x-ith better clarity. 

E ~ z L ' u ~  S. GilfiZln??. Jr., Gonsdf ing Ercyiimr, Jifa?zcfiester, X a m -  
Rncliocobalt2 (Co 60) :md radiostrontium (Sr 89, 90) have been used 
to collect electrostatic charge from textile materials and deliver t h e  
charge to iriensuring instrunlent s. This has permitted nieasurements 
of the absolute amount of electricity generated during textile proces- 
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be made for the first time. Attempts to do this by nieans 

)pogress has been made toward the conmiercial use of these 
, ctlve materials for dissipating unwanted charge around textile 

,dioA filacililler~~. I t  appears uiilikely that Co GO can be used fo r  this pur- 
but the application of radiostrontium seems inore promising. ps 

* !7 to ~,~~~~ FIDE tilan radioactidp failed. 

B. F, ~ ~ o d ~ a i c h  Comyan y, ilk.ron, Ohio.-\T7e hare been using radio- 
Betire (S 35) to study the mechanism of vulcanization of 
rubkr. This is one of the fundamental problems in the science of 
rrtbber and is practically ulisoh-ed in the Sense that w e  do not Under- 
-t?nd esactly what happens. By using radioactiye sulfur we hope to 
:liternline more definitely the dispositioll of this rulcanizing agent in 

Radioactive iodine (I 131) has been used for measuring t.he thick- 
nes- % of tbin films in the nei@iborhood of 1 micron, which are difficult 

ensure br inore conventional methods. This vork is part of an to m attempt to understand the mechanism by which silicones reduce the 
,aesion of ice to rubber-like materials. This reduction plays an im- 

rtant part in the outstanding improvements that have been made Po Rcerlt~y in De-Icers for keeping aircraft free of ice. 
Badioactiye phosphorus (P 3 2 )  bas been used in several projects, 

Oile of which is concerned Tith improving abrasion tests, and in par- 
tiC111ar tire tread --ear tests which are novi slow and expensive. 

\ve have been able to show that the binding between sulfur and 
rubber is different depending on the type of accelerators used. We 
]Ian? deterrnined the structure of tetramethyl thiuramdisulfide slid 
find that it is not as conmionly accepted.. TT7e have arrived a t  a better 
mdersta1ldiIlg of the mechanism of vulcanization with this acceler- 
ator, but the process is not yet clearly and definitely established. 
Se-reral radioactive accelerators have been rnde ,  including zinc 
dimethyl dithiocarbamate, tetramethyl monosulfide, and tetramethyl 
disulfide. Such radioactive accelerators will perniit us to run tracer 
experiments in which we can supply the radioactive sulfur either as 
free sulfur or as part of the accelerator molecule. 

the final plloduct* 

~ ~~~ 

Goodyeur Tire and Rubber Co., Akron, 0 h i o . T h e  problem of 
naming the thickness of extremely thin films has long been a headache 
In industry. 

The average thickness of a sheet of Fliofilm, a Goodyear product, is 
about one-thousandth of an inch. 

Mechanical gages such as are now in use are difficult to use since 
the tiniest change in the pressure of the gage on the film will give a 
false reading. Present. gages read with only dubious accuracy to a 
ten-thousandth of an inch. 

The usual inechanical gage compresses the film between 8 metallic 
foot and an anvil. The theory is that the weight of the foot will 
provide the  same pressure but it is apparent that the softness of the 
film will affect the result. 

Various refinements iiiny be incorporated but one difficulty about 
using all such gages in conjunction with a production line is that 

F ' . $  
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either the progress of the film must be halted for gagilrg purposes 
a piece of film must be cut from the sheet and subjected to gaging. 

The new radioactive gage, using radiocarbon (C 14) makes it pes- 
sible to gage a sheet of Pliofilni or other film continuously as it comes 
from the rolls. KO mechanical contact Kith the film is required. 

The film passes through a slot in the gage. Below this slot there 
is a sinall bit of carbon 14. Above the slot there is an iol1izatioll 
chamber in which is produced a minute electrical current by the rayS 
f rorn carbon 14. This current is amplified bF subminiature racu(& 
tubes to the point where it is sufficientl~7 large to operate an ordinar- 
electric meter vhich will then indicate the strength of the raysa 
Further amplification could be used to actually control the film gage 
by regulation of the speed of the production machinery. 

Carbon 14 gives off only a Teak stream of beta-rays. These are 
electrons like the electroils released by the filament of an ordinary 
radio vacuum tube. 

The number of electrons getting through the sheet of film depend 
upon its thickness. Consequently the meter can be graduated to 
read directly in thickness of film. 

The new gage will now read with accuracy to a hundred-thousandth 
of an inch but it is hoped to attain an accuracy of a millionth of 
an inch. 

In other research programs radioactive phosphorus is being used to  
study the diffusion rate of plasticizers. Radioactive copper is being 
used to study the solubility of copper in rubber. Radioactive, sulfur 
is being used to  measure the migration and solubility of sulfur in 
rubber and investigating the chemistry of vulcanization. 

Zndwtrid Radiography Laboratory, Beaumont. Tex.-To date our 
research has dealt with the use of radiocobalt (Co 60) as a high 
energy gamma-ray source for radiography. The gamma-ray source 
from Co 60 should increase the depth of penetratloll for radiography 
up to 15 inches of steel. 

Contrary to what was expected the gamma-rays from Co 60 do not 
behave in accordance with the same energy levels obtained in the 
1,000,000 volt X-ray machine. 

Arthur D. Little, Inc., Cambridge, Mass.-Radiosulfur (S 35) has 
been used to study the role of sulfur in the coking process for the 
steel industry. This study couid not have been conducted without 
radioisotopes and was aimed a t  the ultimate production of better 
quality steel. Results have shown that l o x  sulfur coke results only 
when low sulfur coal is used in present typical coking practice. S 35 
is being used to obtain a better understanding of the role of sulfur 
as an agent in the processing of metals. 

Radiophosphorus (P 32) is being used to  study methods of decon- 
tamination. This study should ultimately provide information on 
better safety practices in the handling of radioisotopes. 
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JlMsachusetts Ins.titu*te of Technology? Camhidye, Nms.-We are 
radioiron (Fe 55 and Fe  59) in metallurgical diffusion studies 

Kith particular reference to steel. This is a long-range program 
desiglled to establish the diffusion rates that enter into such phe- 
IIOIllellti as annealing, hardening! recrystallization, grain growth, 
creep and high temperature behanor. Diffusion in the solid state is 
a vital process in the general behaT-ior of metals, and radioactive 
isotopes offer an uiiique means of inrestigating the quantitative aspects 
of the problem. 

Radioactive isotopes of iron (Fe  55, 59) and chromium (Cr 51) are, 
being used as tracers in studying material transfer betyeen rubbing 
surfaces. The amount of this transfer is extremely small and the 
tracer technique is the only method sufficiently sensitive to detect it. 
Study of such transfer of material is essential to elucidating the 
fundamental mechanism underlying the phenomenon of dry friction 
betreen solid surfaces. It has been found that even between the hard- 
est steel surfaces, i. e., those with nitrided surfaces, as much as 5 
nlicrograms of metal may be transferred from one surface to the other 
Then they rub together. This suggests that transfer is an inherent 
concomitant of friction. 

We are using radiocarbon (c' 14) to investigate the 12-carbon-chain 
amine as a flotation reagent. It is hoped that this research will clear 
up many of the puzzling and unknown factors entering into the use 
of amines as flotation reagents. 

M e  ZZon Institute, Pittsburgh, Penna.-We have been using carbon 
monoxide containing radioactive carbon (C 14) in an investigation 
of the mechanism of the synthesis of hydrocarbons by the Fischer- 
Tropsch process. The use of this radioactive carbon has enabled us 
to show that the hydrocarbon synthesis does not take place through the 
intermediate formation of metallic carbides but through some mech- 
anism, the details of which are not yet known. The carbide theory for 
formation of hydrocarbons is one that has been generally accepted as 
correct since its initial formulation by Dr. Fischer who was the orig- 
inator of the synthetic gasoline process. It is hoped that this con- 
tinued use of radioactive carbon will permit the elucidation of the 
&&ailed mode of operation for this important process for the manu- 
facture of synthetic fuels from coal or natural gas. 

Shell DeveZop?nent Company, ErnoryvilZe, Ca2if.-By using radio- 
carbon (C  14) ,we have been able to study problems that  could not 
be attacked in any other way. We have followed the course of par-  
ticular carbon atoms in complex catalytic hydrocarbon reactions. 
Such experiments will surely lead to a better understanding of chem- 
ical reactions involving petroleum and petroleum products. We have 
also used C 14 in special analytical problems where detection of radio- 
activity was the only practical analytical procedure. 
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Deuterium, an isotope of lqdrogen, the other element present ill 
hrdrocarbons, has similarly been helpful in other studies of hydro. 
cirbon reactions. 

6indair Ke fining Company: East rh I'c'u(Io, Zmf.-Our studies t;rith 
radiocxl;bon (C  14) will deal Tit11 the niechiiisms of catalytic crack- 
ing niid Fischer-Tropsclr reactions and with the adsorption of r e rp  
small quantities of radioactil-e materials. 

1 SOcoiliy-T-amunz Laboiatories, Pauls.bor.o, &Ir. J.-In the study of oil 
production from oil sands, the nature of the three phase flow of oil, 
water, and gas is a basic problem, since the most efficient exhaustion 
of present petrolenni reservoirs depends upon the nature of this flo~T. 
To help in understaiidiiim this problein >ye are using radioactive 
cobalt (Co 60) to study t'ile permeability of naturally occurring or 
artificially produced porous media to  the flow of oil, gas and Tvater 
mixtures. 

of oil flowing through the medinm can be determined interna ly by a 
Geiger counter. 

quantitp By using radioactive tracers in the oil, the location and 

Despite many 3xm-s of research on lubrication by various industries, 
there is still mu6h to be learned about, the mechanism of lubrication. 
TVe are now using radioactive iron to study the chemical and physical 
reactions occurring at s lubricated swf ace. Heretofore. progress on 
direct studies of such interactions liss been limited by the lack of 
sensitivity in the methods used. Wow, however, by using radioactive 
iron as a bearing surface, any iron which reacts with the oil or chemi- 
cal additives in the oil can be measured with a sensitivity of one part 
in ten million in as little as 20 milligrams of oil. 

Increased knoxvledge of this mechanism may eventually lead to im- 
prored, lox-er cost industrial and automotive lubricants. 

Steven3 I.zzstifu te of Technology, Hoboken, N .  J.-The research 
project utilizing radioactive isotopes is engaged in the study of self- 
diffusion in stressed metals. The results will contribute material11 
to the theor? of solids in general, as well as being of iinportance in 
applied metallurgy. The use of radioactive isotopes of zinc and 
copper as tracer materials is essential to this work. 

A general description of the technique using the isotopes is 3s 
folloxs : Single crystals of tlie metal are electroplated vith the isotope 
material and are then placed under stress in a furnace at  tempera- 
tures appronching the melting point of the metal. When the isotope 
has h a d  sufficient time to diffuse into the crFstal, the specimen is 
removed and sectioned. The acti&j- of the sections is measured to  
obtain the ainount of diffused material at  various distances from the  
origiiial plated surface. From this, the diffusion coefficient and the 
activation coilstant may be obtained and the effect of the stress on 
these qusntit ies may be ascertained. The general tecliiiique is near]? 
identical for both copper and zinc. 

'r 
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Tgxa-s CO7?2pfl?ly, New York.  J-. Y.-Radiocarbon (C  14) will 
in determining the chemical mechanism of the fornia- 

of petroleum poiit lets in the cat dyzed hydrogenation of carbon 
A more COlllplet e u12 CkEtallding of this mechanism can 

, ,,petted to result in a greater production of synthetic petroleum, 
tter of vital coiicern to tile unitecl St:\tes. 

~~loJ~os i&.  tion 
1'' 
;1 l l l a  

~ p ~ ~ i n g h o ~ ~ e  Electn'c Corporation: Pittsbzwgh, Penna.-TXTe have 
been using radioactire carbon (C  14) for resgarch in\-estigations in 
IIletallurgy. More specifically Ke are attempting to determine tlie 
diffusioll of car-bop in a l p h  (body-centered cubic) iron. This subject 
is 0 f theoretical importance because of its bearing on the a@ng of 
qteeh, the magnetic after-effect? and the elastic after-effect; I t  is of 
;,ractical importance in decarburization of plain carbon aiid alloy 
r- steels. '. 'I 

have been successful in introducing c 14 into iron by a pack 
,arburizino. niethod employing a mixture of charcoal aiid labeled Baco3. fixperiments 011 aut.oradiof;raphy to determine microstruc- 
ture have been unsuccessful. Experimentation is underway a t  present 
to determine the diffusion coefficient of C 14 in alpha iron a t  temper- 

w e  have used radioactive phosphorus (P 32) in measuring the 
Bmount and location of phosphorus in steel and alloys by tlie auto- 
radiographic technique. 

we have experimented mitli radioactive materials as chemical 
allalytical tools in determining the amount of a given element in 
alloys and chemical niixtures and solutions, as a function of time. 

We have used C 14 as a target in nuclear reaction studies, C 14 
(p,n) N 14 to measure nuclear masses and to place limits on the 
neutrino mass. 

We hare used intense gamma and beta sources for measurement of 
relative sensitivities of atomic radiation detectors. 

atures b e 1 0 ~  725" C. 

CHEMICAL RESEARCH 

A4naerican C?/a?2amid Clomynny, 8tamfm*d, Con n.-Our research pro- 
gram involves the use of radiosulfur (S 35) in studying colloids and 
cdloidal electrolytes. Using S 35, the synthesis of a wetting agent of 
the sulfosuccinate class has been carried out? and a t  the present time we 
are obtaining resnlts on the adsorption of this material. The radio- 
d f u r  appears to be giving information which mill be of great interest 
to the general understanding of the behavior of these surface active 
agents. : ind  \Te regard its use in this problem as unique. 

California In.c.tifute of Technology, Pascrdena, Calif .--Radiotin and 
radiothallium are being used to studr the color of inorganic com- 
minds and the relation of color to the exchange reactions between dif- 
ferent oxidation states of an element in solution. This research pro- 
gram would be impossible without the use of radioactive isotopes. 

The research is adding to our understanding of the conditions under 
Rhich electrons can be transferred from one molecule to mother in the 
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presence and absence of light. Since electron t.ransfer is important in 
all oxidation-reduction reactions in chemistry and in the electrical 
conductivity of solids, our research contributes to the understanding of 
these fundamental topics. 

University o f  Calif o m k ,  Los  Angeles, CaZif.-Radiochroniiuln 
(Cr 51) is being used in our chemical research program to studv the 
ease with which chromium atoms in certain complex conipoundi nlay 
be replaced by other chromium atoms. This type of work can be car- 
ried out only v i th  radioactive or separated stible isotopes. The work 
is expected to add to present information on how atoms are held to- 
gether in certain t pes of molecules. 

Radiocarbon ( 8 14) is being used in another investigation to learn 
more about the possible existence of an interesting form of carbon 
namely, dicarbon gas. Studies by conventional chemical approache: 
are more difficult and less revealing than those made possible by the 
radioisotope tracer technique. 

University of Southern Californiu, LOS Angeles, Calif . W e  have 
been studying the catalytic exchange of hydrogen with ammonia by 
using deuterium (H 2) as a tracer element. The results, when corn- 
pleted, may be of considerable value to the ammonia industry. 

Radiocarbon (C 14) has been an essential t,ool in the study of the 
structure and stability of complex ions. Complex ions constitute a 
large and very important class of inorganic compounds, and one of the 
best ways of studying them is by tracer exchange experiments. Ex- 
change studies are currently being conducted with a number of com- 
plex cyanides, using C 14 labeled cyanide ion. 

Extensive work is in progress on the determination of ion self-dif- 
fusion coefficients. This can be done only by means of tracers, and 
both radioiodine (I 131) and radiosulfur (S 35) are being used. 

Cani~iw CoZZege, Bu#aJo, AT. P.-Using radioactive iron (Fe  55,59) 
to study the solubility product constant of hydrous ferric oxide. The  
use of radioactive iron as a tracer in determining the solubility of 
hydrous ferric oxide shows much promise but it has been found that an 
instrument having areater sensitivity is necessary before the work can 
be brought to a conc%xion. 

-- 
C’amegie Institute of Technology, Pittsburgh, Pennu.-We have 

used radiosodium (Na 24) to investigate the diffusion of sodium in 
sodium chloride as a function of temperature. This self -diff usion 

roblem is one which cannot be studied without the use of isotopes. 
%he importance of the research lies in  the fundamental information 
obtained concerning the mobility of ions in solids. The results of 
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work to date consist of a determination of the self-diffusion CO- 
OUfcient of the sodium ion in sodium chloride over the range of tem- 
e' ature froin 350" to TOO" C. per 

gT@ve&Y of Chicago, Chicago, IlZ.-A complete understanding 
of the osidatioll of organic compounds requires a knowledge as to 
n.llich of the various hydrogen atoms in the reactin0 molecule is re- 

ved during the critical step of the oxidation. S i i s  question can 
*Illy **O be settled by the use of deuterium (H 2) as a tracer. 

it was found that, when a particular hydrogen atom in an organic 
(isopropyl alcohol) was replaced by deuterium, the rate 

of oxidation was considerably reduced. This fact showed that this 
,rticular hydrogen atom was the one removed in the critical step P the oxidation. 

when platinum, activated by ferrous chloride, is used as a catalyst, 
&e deuteration of acetone is accompanied by some hydrogen-deuterium 
ac]lmge. The product here obtained was a mixture containing 55 
prcent of 2-deuteroisopropanol. 

The rate of chromic acid oxidation of this product was only 52 
prcent of that of ordinary isopropanol. On the basis of this result, 
it is calculated that the rate of chromic acid oxidation of pure 2-deu- 
teroisopropanol should be about one-sixth that of pure isopropanol. 

The lower rate of oxidation of the 2-deutero .compound (which 
arises from differences between the zero point energies of the C-H and 
C-D bonds) proves that the secondary hydrogen (or deuterium) in 
isopropanol is removed in the rate controlling step of the chromic 
acid oxidation. 

Radioiron (Fe 55,59) and radiogallium (Ga 72) were used to study 
the distribution of these elements between hydrochloric acid and iso- 
propyl ether. The tracers permitted extension of the partition studies- 
to concentrations lower than could have been conveniently determined 
by usual methods of chemical analysis. 

The efficiency of extraction of ferric chloride and of allium chlo- 
ride from hydrochloric acid solutions by isopropyl et a er is found 
to increase markedly with increasin concentratious of these salts. 

modynamic activity of the salts. The extraction may lead to a better 
understanding of the thermodynamic properties of concentrated' 
aqueous salt solutions. 

The phenomenon is attributed to a sel 9 -promoted increase in the ther- 

~ 

-- 
In our research program radiocarbon (C 14) is being used in an- 

investigation of the mechanism of a chemical reaction (the benzidine 
rearrangement) which is not only of considerable scientific interest, 
but is also important in the dye industry. I f  the isotopic carbon were 
not available to serve as a tracer, the evidenee obtainable would bel 
much less conclusive. 

79714 S-48----9 
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Columbia University, New York ,  N .  Y.-Radioactive sulfur (S 3- 
is beina used to study the strength and nature of the sulfur bonds 
polysurfide polymers. 

Deuterium is being used to study the rate of exchange with hydrogen 
in hydrocarbons and their derivatives in an effort to learn more about 
the effect of substituents on the strength of the carbon to hydroge4 
bonds. 

?I  

We are using radiothallium (T1 204) to  study the process of elec- 
tron transfer between the different oxidation states of thallium in 
solution. Since this is an “exchange reaction”, the only convenient 
method of study is by isotopic tracers. 

We are studying its 
kinetics. 

The reaction proceeds at  a measurable rate. 

We plan to use radioiodine (I 131) in a photochemical exchange 
reaction as a sensitive measure of iodine atom concentration. By this 
means we hope to determine what fraction of those iodine molecules 
which are dissociated by light actually form atoms which are free to 
move in. the solution, and what fraction form atoms which lose their 
excess energy to the solvent and immediately recombine without 
escaping from the “cage” of molecules in which they are formed. If 
these studies are successful, they will constitute a fundamental con- 
tribution to the understanding of photochemical processes in liquid 
solutions. 

We also plan to use tracers to obtain additional information on 
the mechanism of iodide ion catalysis of cis-trans isomerism. T& 
program will probably be modified because iodide ion apparently 
causes the elimination of iodide from diiodoeth lene. 

of exchange between iodine atoms and various organic iodides. Such 
studies have been made with iodide ions, but no similar results are 
available from diiodoethylene. 

Another investigation is designed to study t 1 e presence or absence 

Corn22 Uahersity, I t h a ,  N .  Y.-We are usin radioactive iron 

of complex ions of these elements; a study impossible without radio- 
active isotopes. We have obtained data on the interchange for some 
of the complex ions but as yet we have not completed a study of 
the speed of interchange. 

(Fe 55, 59)  and radioactive cobalt (Co 60) in stu c f  sing the stability 

DuAe Unhersity, Durham, N.C,--A research project is using- iso- 
topic tracers to stud the mechanism of or anic chemical reactions. 

that the mechanism of several elimination reactions may be less clear 
than theory indicates. It is probable that each of several alterna- 
tive mechanisms operate simultaneously. It is planned to extend the 
program to the use of other tracer elements as soon as facilities 
are available. In another program compounds containing high per- 
centages of deuterium have been synthesized, and are being used in 
a study of microwave adsorption. 

Results obtained to B ate using deuterium ( a 2) as a tracer indicate t 
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;jh a d  Co?npany-Pu?*due Umhersity,  LGfayette, Ind.-A 
&e exchange reaction vould have been impossible xithout 

dud!' 'fof radioactive iron (Fe 55, 59). An understanding of such 
~ . ~ ~ c ~ / ~ r l s  as this is basic to the further development of our ideas 

technique with radioactive iron, it was found 
tbnt  iron in tvo  different: but simple, chemical forms, interact with 
one ,Ilotller extrernely slowly. This is coiitrar? to expectation. As 

quit new questiolls of clienlical importance appear t o  require 
:t re.. 
i,,estigs tion. 

he of chenlical reactions. 
the taggin 

gal.z!ard Uiziversity, Cumbridge, Mass.-Radioactive sulfur (S 35) 
is t~ii?m used to investigate the mobility of adsorbed gaseous films 
on solid surfaces. The results of this work? if successful, will con- 
tribute to the understanding of the inechanisnl of adsorption, which in 
turn is of fundanientnl importance in the problem of chemical 

t a1 yvsis 

university Of IlZh& Urbana, Ill.-We have been studying the 
theory of organic chemistry using organic molecules labeled with 
deuterium (H 2) instead of hydrogen. Br this method it is possible 
to determine what becomes of chemical substances in a chemical 
renction. 

This technique has been very successful in our work and provides 
tile only method whereby the problem can be attacked. 

Our research program designed to study the chemical properties 
of complex compounds of tin would not be possible without the use of 
highlv radioactwe tin. Increased knowledge in this field is desirable 
to beher understand the nature of chemical bonding between atoms. 
This information will also provide a new procedure for the study of 
radioactive decay processes. 

Radiophosphorus (P 32) has proved a valuable tool in the study 
of certain chemical reactions involving thorium and the rare earth 
elements. We have been concerned specificall with the develop- 

of thorium in the presence of the rare earth elements, a problem of 
considerable importance particularly in the large-scale recovery of 
thorium from minerals. To this end, we have used P 32 as a tracer 
and hare built around its radioactive characteristics a very rapid 
and convenient analytical method using pyrophosphate. This 
method is as accurate as any previously reported and should be of 
considerable use in working with thorium materials. 

ment of rapid and accurate methods for the ana 9 ytical determination 

Johns Hopkins Unimmity ,  Baltimore, Md.-?Ve have been using 
radioactive silver ( A m  110) in an investigation of several electro- 
chemical problems. 6 n e  of these involred the study of ion exchange 
between solid silver metal and a solution containing a very small con- 
centration of silver ions, the latter being partly radioactive. Di5- 
culty was encountered in removing colloidal silver compounds from 



the solution. The presence of these compounds was found to  cause 
errors in the Geiger counter readings of radioactivity attributable 
to exchange. Ag 110 was also found to be useful in studying the 
passivity induced to an iron surf ace under various conditions. 

; 
I 
P 

Lehigh Univerdy,  Bethlehem, Peniza.-We are using radiocarbon 
(C 14) to determine the mechanics of the esterification reaction occur, 
ring on solid catalysts. The tracer technique is most helpful in 
determining the course of the reaction. 

Our results to date show that the course of the reaction involves the 
reaction of an alcohol molecule with the methyl organic acid salt on 
the surface to yield an ester molecule. The resulting oxide on the 
surface is subsequently reactive with an acid molecule from a v a p r  
phase. 

f 

! 

Lou&iam State University, Baton Rozcge, La.-The research is pad 
of an attempt to learn more about the nature of the forces holding 
molecules together and to be able to  predict the course of organic re- 
actions. Isotopes have proved of importance in that they enable the 
vibrational forms of molecules to be better determined. Deuterium 
(H 2) ,  has proved especially important because it enables each hydro- 
gen atom of a molecule to  be studied separately by replacing it with 
deuterium. 

Results of research: Deuterium has been placed upon the toluene 
molecule in various positions (replacing ordinary hydrogen). This 
has enabled an experimental check to be made upon the theoretically 
calculated vibrational forms of toluene. It seems likely to be of great 

toluene and other molecules. 
The use of various isotopes in studyin the structure of molecules 

by which the science of molecular spectra and molecular structure is 
advancing. Isotopes constitute one of the chief tools in the attempt 
to extend fundamental knowledge in physics and chemistry. 

~ 

i 
assistance in interpreting the ultraviolet absorption spectrum of f 

and the forces which hold molecules toget % er is m e  of the chief ways 

f 

i University of MaryZand, College Park, Md.-Besearch work is 
under way to determine the mechanism of the chlorination of isobu- 
tylene. This study is of theoretical interest to organic chemists. Work 
to date has in\-olved studies on the preparation of isobutylene, using 
carbon dioxide from barium carbonate to provide a “labeled” carbon 
atom. Ordinary barium carbonate has been used so f a r ;  after the 
synthesis has been perfected, radioactive barium carbonate will be 
used. 
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using an irradiated unit containing radiochlorine (Cl 36) 

S;l~ilron~inm coordination compounds. The expected results should 
(3 considerable theoretical interest and could not be obtained by 

VTe radiosulfur ( s 35) to investigate some possible exchange reactions 

be @f meallS other than the use of radioactive isotopes. 
gn? 

jlilzssachusetts Institute of TechnoZogy, Cambridge, Mass.--In our 
:earcil program me are using radiocarbon (.C 14) and radiochlorine 

36) as well as the stable isotopes, oxygen 18 and deuterium (H 2) re: 

yr the problems being investigated are the determinations of the 
_-trnO% ftrllctllfe of ketone dimers, the Wagner-hleerwein rearrangement, the 
>,,,,bo~~ylation reaction and the hydrogen halide exchange of organic 
l]alides. 

uerch a d  C m p a n y ,  Inc., Rahuray, N .  J . W e  expect to use radio- 
ca&on (C 14) for the analysis of complex mixtures by the isotope 
dilution method. This C 14 is being converted into benzene for our 
ultimate use. 

in t tfle study of the structures and reactions of organic chemicals. 

Lu;chigan State College, Lansing, Mich.-.&hough our project, be- 
van only a short time ago, prel inhary experiments show that the 
llSe of the stable isotope of deuterium (H 2) will aid us in clarifying 
the mechanism of some fundamental organic chemical reactions. 
c 

University of Hichigan, Ann Arbor, Mich.-We are beginning a 
research study on the molecular structure of ethane in which we will 
substitute deuterium (H 2 )  for the hydrogen atoms. The informa- 
tion gained from the infrared spectrum of this molecule, C,D,, will be 
of great value in interpreting various phases of the molecular struc- 
ture. 

LYew .Po& Cnivergity, Kew Y o ~ k ,  LV. .P.-In a study of the isomeri- 
zation of n-propyl radicals at  temperatures around 100°C, it is nec- 
essary ,to examine the products of reaction of propyl rad ia l s  %-it11 
other propyl radicals. The main product is the dimer of n-propyl 
radicals. namely, n-hexane. Isomerization of the radicals introduces 
the possibility of two different products, that is 2-3 dimethyl butane 
and 2-methyl pentane. Quantitative separation and identification of 
these products can not be accomplished by means ordinarily availnble. 
The introduction of labeled carbon atoms, however, will make pos- 
sible the separation and estimation of the isomeric products. The 
procedure will be the familiar one of adding non-radioact ive material 
of the same composition as the constituent sought and separating a 

~ 

mall amount of this in rather pure state. The counting rate of this 
separated sample allon-s a quantitative estixriatioll of the amount of ~ 

active product in the mixture. Once the procedure lias been standard. 
ized, experiments can be carried out rather quickly. 
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nlorth Car0 Zina State CO Z7ege, Ra7eigh, AT. C.-The concentration 
of phosphorus in a soil solution is at  the l o ~ e r  limit of reliability of 
standard analytical methods. The use of radioisotopes enables us 
to very markedlg extend those limits. Through the use of 
topes it is possible to studr the kinetics of the reactions of an element 
This means that it is pokible to obtain information relative to the 
activity of the phosphorus associated r i t h  solid surf aces. 

1. Definite howledge as to the contribution of the applied 
phosphatic fertilizer. This has been possible through the use of 
phosphate materials containing radiophos horus (P 32). 

solid surfaces and the equilibrium solution concentration. 
3. The rate of reaction between the phosphorus in solution and 

that associated v i th  the solid surface. This has been Obsemed 
when- ( a )  the system has established equilibrium (isotopic ex- 
change) ; (6) the establishment of the equilibrium occurs: or 
( e )  the equilibrium is destroyed by removal of the solution 
phorus. 

The principle results of our researches have been : 

2. The relationship between the phosp 1 orus associated with 

T- I 

N o r t h e s t e m  University, Evanstm, ,IZZ.-The use of rather sub- 
stantial quantities of deuterium oxide (heavy water) has been asen- 
tial in our research on the reaction of heavy sulfuric acid and opti- 
cally active hydrocarbons. We have been able to  study t h e e  concur- 
rent reactions : (a) racemization, (b) hydrogen exchange and (c) 
isomerization. The rather surprising finding was made that the rate 
of hydrogen exchange is fourteen times that of racemization and of 
alkylation. 

The study using heavy sulfuric acid was undertaken for the purpose 
o€ increasing resent knowledge about fundamental reactions of hv- 
drocarbons. If;oKever, in obtaining an underst anding of isomerizati& 
and alkylation reactions, it may aid in improving manufacture of high- 
octane gasoline. 

University of Notre Dame, Notre Dame, Ind.--We lan to use radio- 

products resulting from the decomposition of organic chlorides pro- 
duced by high energy beta and gamma radiation. This work is part 
of a program of study in radiation chemistry. 

chlorine (C1 36) as a tracer to follow the fate of ch P orine-containing 

We have been using the radioisotope ruthenium (Ru 106) in a study 
of the chemical effects of the beta decay process. This work is still in a 
preliminary stage involving the preparation of complex compounds 
of ruthenium and rhodium. 

Univers-ity of Pittsburgh, Pittsburgh, Pe?~n,u.-Radioactive sulfur 
(S 35) is being used as a tracer in solubility studies. No other tech- 
nique seems possible. Also fuiidaniental nuclear studies of radio- 
cesium (Cs 137) are almost complete. 
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polytechnic Imtitute of krooklyn, Brooklyn, hT. F.--ISilany crystal 
Sl;hors owe their luminescent properties to the presence of small 

,unts of impurities. It is difficult to determine accurately the ~011- 
HTtrption of these- impurit.ies (activators) in the active component of 

lt,lrnillescellt mixtures. We have been able to do this, however, by 
ll,exnS of radioactive isotopes of the activat.ors. Radioisotopes of 
cerl samarium and europium have been used for  this purpose. The 
reSU Its should be useful in contributing to the development of a sound 
theory of phospllors. 

pho- 

Queen CoUege, Flushing, AT. Y.-Radioactive. calcium (Ca 45), two 
of strontium ( Sr 89,gO) and radiorubidium (Rb 86) are 

being used in order to understand the properties of ion-exchange resins 

ion exchangers. Radioisotopes tire especially suited for studies o f this the 
zl,d the separation O f  ion corlstituents using columns containin 

t,ve* Radiocarbn ( C  14) is hir,g use,d to  study the counting of carbon as 
aseous carbon dioxide. This method is probably the most sensitive 
sethod obtainable, and improvements in the method should be of 
direct value to biochemical workers who require the analysis of small 
diluted samples of organic material. 

Reed College, Portland, Owg.-We have carried out a series of ex- 
eriments to determine the adsorption of mercury vapor on metallic 

the amount of adsorption is much greater than we had anticipated. 
we have wanted to  determine this adsorption for a number of years 
but have been restrained from attempting it because of the complexity 
and difficulty of the usual methods of making such measurements. The 
radioisotope method appears to be quite simple and direct. 

We have also attempted to determine the nature of inclusion in 
silver crystals deposited a t  the cathode in the course of an electrolysis. 
Our technique involved the addition of a trace of radioactive sulfur 
(S 35) in the form of sulfate to  the usual silver nitrate electrolyte. 
At the present stage of our experimentation it appears that the radio- 
active sulfate becomes associated with the silver deposit to a much 
r weater extent than seems reasonable by any inclusion mechanism. 
I n  tracking down the cause of this “association” we shall, of course, 
be investigating further the much studied roblem of the electrolytic 

this particular experiment are quite preliminary. The technique, 
however, offers a great deal of promise. 

sllper I! in a vacuum system. Our preliminary experiments indicate that 

deposition of silver. To  avoid any misun x erstanding, our results in 

The amount and rate a t  which mercury vapor collects on silver 
surfaces in a vacuum was determined using radioactive mercury. By 
this technique, less than one millionth of a gram of mercury was 
detectable. 

The research was carried out in connection with the purification of 
silver to be used in atomic weight determinations in this laboratory. 

The results proved conclusively that the contamination of silver 
by mercury vapor is sufhcient to warrant certain precautions in the 
purification of the silver to be used in atomic weight work. 
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University of Texag? A?_l(;tin, Tex.-The effect of chloride ion, as 
in salt solutions, on destroyink the passive nature of some metal, 
e. g.  chromium, is believed to be due to the attachment of the chlori& 
ions to the metal surface and the subsequent renio.ca1 of the ’netal 
atom as a chloride. The amount of chloride ion at,tached is normally 
too small to be detected by the usual andj%cal methods. Radio 
chlorine (C1 36) has proyided an important tool in the study of this 
phenomenon. 

It was found that the postulated attachment did occur, and that 
the amount taken up varied with concentration of the chloride in 
such a manner as to indicate absorption was occurring. Further, the 
electrode potential of the chromium varied with concentration, the 
metal becoming more active as the concentration increased. 

Washington University, St. Louis, Mo.-using radioactive sodium 
(Na 24) and radioactive iodine ( I  131) to study self-diffusion in 
liquids. The study of self-diffusion is important in the theoretical 
understanding of transport phenomena. The measurement of self- 
diffusion can be achieved only by means of radioactive tracers op 
stable isotopes, but since the former class are more convenient to 
measure they are preferred. Radiosodium and radioiodine have been 
used for the present research. 

We have used radioiodine (I 131) to study the exchange of iodine 
atoms between inorganic iodine compounds and believe we have evi- 
dence for a new mechanism for a common reaction. This isotope and 
several others, especially radiosodium (Na 24), have been used in 
studies to determine the rates of diffusion of individual ions. This 
information may not be obtained in any other way. 

Radioactive chromium (Cr 51) has been used in  a study of its 
exchange reactions. This work was preliminary to  an investigation 
now in progress to determine the chemical effects of the decay of 
radiomanganese (hln 51) to Cr 51. (The Mn 51 must be produced in 
our cyclotron because of its r7ery short half-life.) 

We have used radiocarbon (C 14) i n  a synthesis of radioactive 
mannose, which is now being employed in metabolic studies. Radio- 
active glucose was made in the same synthesis, but in the first attempt 
the yield of purified glucose was small. 

We have also studied the kinetics of T1 (I) and T1 (111) exchange 
reaction in perchloric acid as a function of acid, nitrate, thallium (I) 
and thallium (111) concentrations and temperature. The study is of 
importance in adding to an understandin of the electron transfer 
process which is fundamental to many oxi f ation-reduction reactions. 
Radiothallium (T1204) made the study possible. 

We are using radioiodine to study the distribution of iodine 
between water and benzene as a function of the iodine concentration 
and the rate and extent of the oxidation, reduction and precipitation 
reactions of iodine a t  tracer concentrations .( moles per litter). 
Work a t  such low Concentrations is only possible with “carrier-free” 
radioactive iodine. The work is of importance in adding to our knod- 
edge of iodine chemistry in a previously unexplored concentration 
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cre. It should also adi2 to OUT knowledge of the chemical beharior 
r;’’’~ b,tances at. very low concentrations. 
, I f  su 

,,;l;ersity of Wisconsin, Madison, ?Vis.-The Mechanism of Chem- 

iC* elided over a period of years in an endeavor to understand clearly :i: detailed mechp-hm whereby molecules and atoms interact to form 
om chemical reactions, very little conclusive experi- 

ery simple reactions unobservable without the radioactive mate- mne  v ;-isls. One of these is the exchange of bromine in the form of the ele- 
merit (Br 82) with bromine bound in a chemical compound (Ccl, Br) . 

similar reactions which are under investigation are among Thi v e q  simplest types of chemical reaction and offer promise of yield- 
information which will be of basic importance to our understand- in, 

(r of the mechanism of chemical reactions in general. Radiobromine 
and radiosulfur (S 35)  are being used in, r 82), radiochlorine 

Reactions Resulting From Nuclear Processes.-The element sulfur 
normally occurs in the form of molecules in which eight atoms are 
boulld together in a stable unit. However, when sulfur is made by 
tmnsmutation of the element chlorine, it appears as single isolated 
%toms, the presence of which can be detected by their radioactivity. 
It is found that these atoms are very much more reactive chemically 
than the stable molecules containing eight atoms. Such atoms, pro- 
duced by neutron bombardment of potassium chloride crystals and 

by the neutron bombardment of other chlorine compounds such as 
carbon tetrachloride and hydrogen chloride, are being studied in order 
to learn more about their properties. Compounds containing radio- 
cesium (Cs 134) and radiopotassium (K 42) have also been tested for 
effects which might occur as a result of the nuclear transmutation 
processes. 

Determination of the Presence of Trace Impurities.-Using high 
specific activity radiobromine (Br 82), it has been found possible to 
detect the resence of extremely low levels of “brominatab1e” impuri- 

radioactive bromine. 
Solubility Determinations.-The use of radiobromine (Br 82) and 

radiosilver (A6 110) has made it possible, to determine conveniently 
the solubilitr of silver bromide under conditions where it had not 
heretofore bken inrestignted. Similar investigations making use of 
radiocalcium (Ca 45) are being carried out to  determine the solubility 
of calcium oxalate. 

Cellulose Chemistry.-Other workers have carried out studies in 
our laboratories on the diffusion of solutions of radiozincate ion into 
and out of cellulose fibers which hare been swollen by exposure to 
zincate solutions. These studies have resolved some of the uncer- 
tainties r i t h  regard to the measurement, of such swelling properties. 

I; ~, ,c t ions.-~thou~l1 a great amount of research effort has been 

I,leIltal 11eS 
eri$ence is yet available. We are using radioisotopes to study 

fP1 36) , in $3 the spdy of eight di erent reactions of this type. 

ties in car %o n tetrachloride by exposing the solvent to the elemental 

Y a k  University, flew Eaven, Conn.-Using radiozin’c ’ (Zn 65). to 
study vapor pressure of the metal. The general use of radioactive 
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sures of metals and their salts over a temperature range hitherto ill, 
accessible because of the limit ations of ordinary methods of analysiq L. 

PHYSICAL RESEARCH 

Bell Telephone Labomtorim: Murray Hi& LY. J.-We have used 
concentrated carbon 13 and oxygen IS in a study of the allmlar 
momenta and shapes of the iiuelei of these isotopes. This informa- 
tion is of value in understanding the nature and colistruction of 
nuclei. I f  isotopes vere not available in concentrated fonn, our 
nieasurements would have to be postponed indefinitel~. TITe have 
obtained fairly good evidence on the values of nuclear ailgular n~on~ell- 
tum, and that the nuclei of carbon 13 and oxygen 18 are comple& 
spherical. Y 

University of CaGf omia, Berkeley, Calif .--Research on spins of 
nuclei of the carbon isotopes could not have been carried out had not 
these isotopes been available in separated f orm. The particular 
isotope used was radiocarbon ( C  14). 

We have definitely proved that. tlie nucleus of C 14 has no angular 
momentum (is not spinning). It was of great importance to the 
theory of nuclear disintegration to know this, since C 14 has a long 
half-life (5,100 years), and transfornis itself into a nucleus of nitrogen, 
for which the spin is already kno-n. Some present theories inclicated 
a large spin for C 14, and have thus been sho\-5-n to be wrong. 

Enriched boron 10 will be used to prepare B,O,. The B,O, will in 
turn be used as a cyclotron target for the production of carbon 
monoxide labeled with the radioactive carbon 11 isotope. The labeled 
CO is to be used in studies on the distribution of thisgas in the human 
body in connection with problems of uptake and elimination of CO. 

University of Califomia, Los Angeles, Ca7if.-Deuterium (H 2) is 
being used in our research project to ascertain the manner in which 
atoms and groups of atoms rearrange themselves in molecules under 
the influence of ultraviolet light. A mass spectrometer is used to 
determine the position of tlie deuterium in the molecules before and 
after irradiation. I n  this study we hope to obtain a better general 
understanding of the chemical reactions which may be expected when 
light is absorbed. 

CaZiJornia In.~ttitute of Technology, Pasadena? Calif .-The avail- 
ability of the stable isotopes of the light elements-particularly lithium, 
boron, and carbon-has been of great value in the study of nuclear 
structure through observations of the beharior of the excited states. 
I n  many cases where isotopically pure materials were not forinerljy 
availabie, considerable uiicertaiiity has existed regarding the inter- 
pretation of esperiiiienta1 results. TT7ith the use of pure targets, many 
of the ambiguities in tlie data can now be resolved and many reactions 
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tudied under much improved conditions, witahout interference 
@ ?*:desired contaminants. We feel that the production and dis- 
{f@fl * of stable isotopes represent a major contribution to the 
if ibUtlonof gress nuclear physics. 
prOc  

wly developed instrument and technique of direct spectroscopy 
>‘:-$ear gamma-rays by means of crystalline cliff raction has been 

ed. They have been successfully applied to the precision meas- 
of the wave-length (of order 30 X-ra units) of the gamma- 

f i$ instrument, 500 to 8 X-ray units or less, permits establishment 
thJL recision link between the well established scale of X-ray wave- ’‘’ phs and the wave-lengths of nuclear gamma-rays. In the ultra- 
+art wave-lengths region, strong sources (100 millicuries to  I curie) 
‘ I1ecessaq because of the low reflecting power of the crystals devel- are oped up to the present time. 

The proposed program includes establishment by precision meas- 
UEm ents of a large number of precisely defined gamma-ray wave- 
len@s and energies to serve as easily reproducible fixed points in this 
re, moa of the spectrum. Since these gamma-ray lines can in turn be 

to eject photoelectrons in beta-ray spectrometers, the precision 
thus made available can be used in the calibration of beta-ray spectra 
to also increase the precision of this type of measurement. To date 
fire independent measurements of the wave-length and energy of the 
0.41 Mev gamma-ray line from radiogold (Au 198) have been made. 
The new precision can probably be extended to beta-ray measurements 
br means of a new design of beta-ray spectrometer now under devel- 
opment suitable for calibration by the gamma-ray method outlined. 
It is hoped, therefore, that this technique of direct spectroscopy of 
gamma-rays ushers in a new era of precision nuclear energy meas- 
urement s. 

of I’ 

afl$&n the artificial radioisotope of gold ( 1 u 198). The range of 

lew? 

University of Chicago, Chicago, 122.-The investigation deals with 
what may be a new type of positively charged particle emitted by radio- 
phosphorus (P 32). A source free from radimctive contaminations is 
essential. We have obtained additional confirmation for the existence 
of these particles. 

We have used deuterium (H 2) and deuterium oxide in the cyclotron 
in an investigation directed tqward determining the existence of the 
neutrino. 

Using deuterium gas in the 400 kilovolt accelerator, we have meas- 
ured the energy release in the, D2(d,n)2He3 reaction by observing 
the energy of the Helium3 nuclei. 

Using boron 10 we have produced neutron counters of high sensitiv- 
ity compared to those made from natural boron, and by their use wo 
have made a survey of the neutrons in the upper atmosphere which 
shows definitely that these neutrons are produced #ram charged par- 
ticles in the incoming cosmic rays, 



I 

132 UNITED STATES ATOMIC EKERGT COMMISSIOX 

Coltso l idded Engineemizg Cor~poration. Pasadena! C. 'aZi f . ,~ ,~-  

mass spectrometers designed to determine accurately relative isot opt! 
abundances. 
terium (H 2) has been used fo r  the development and improvement of 

Com,eZZ U&versity, Zth.aca, A7. Y---lTe are using boron 10 (B 10) tc, assist in the detection of neutrons in cosmic rays. We believe tile 
research project has been of fundxmental importance, not o l i l ~  be- 
cause neutrons hare been found in the extensive showers " (\%-here they 
were not known to exist). but because we. have found the mechanism of 
their production to be different from that previously supposed. our 
results shed light both on the structure of the large air shojyers and 
on the probabilities for producing high-energy neutrons by high- 
energy protrons. 

We have used boron 10 as boron trifluoride in our counters for 
neutron detection. By the use of this stable isotope we have increased 
counter efficiencies by a factor of almost 5. Without such efficiencies 
the experiments would not onlv have required nmch more time but 
would have been almost impossible. 

We have found the f ollowhg : 
1. Neutrons exist in large number in the extensive air showerg, 

about one neutron for every 50 electrons. 
2. The neutrons rh ich  are detected with a normal arrangement 

of apparatus (paraffin about one foot thick around the counters 
to slow the neutrons down, so that the BF, counters will detect 
them) are not produced locally in the paraffin by a ganima, neu- 
tron reaction (1. e., by gamma-rays) , but are a part of the shower 
structure in the atmosphere. 

3. The neutrons in tl2e shower can only in small part be pro- 
duced by gamma-rays. Almost all of them must originate from 
a different kind of nuclear reaction, probably caused by protons 
in the cosmic ra  s, or by other neutrons of high energy. 

air showers, but to  all neutrons in the cosmic rays. 
4. These resu 9 ts apply not only to neutrons in the extensive 

Eastman Eodal;: Company, Rochester, N .  Y.-Deuterium oxide has 
thus f a r  been used only in preliminary studies of methods of con- 
version to compounds suita>ble for mass spectrometer analysis and in 
a study of the mass spectra obtained. As soon as suitable analytical 
methods are standardized, we intend to continue our study of vapor 
diffusion in polymer films. 

Gcnerul Electric Co., Schenectady, N .  Y . W e  have been studying 
nuclear reactions which occur when nuclei are bombarded with X-rays. 
These reactions are of interest in connection with the nature of the 

*By extensive air showers we mean the cosmic ray events characterized by a simultaneous 
arrival of a large number of particles (frequently hundreds of thousands, or  even millions), 
spread over a large area, roughly like that of a football stadium. Such showere are OriF 
inated high in the atmosphere by a single particle of enormous energy. As the shower 
develops in the atmosphere, more and more particles of lower and lower average energy 
are produced, until ultimately the low-energy particles are absorbed and the shower dies out- 
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tion between the nucleus and photons of high energy and in 
illterRC - -When an excited 
,.ofl~ lectlOn ,,Illits st neutron, a proton, or inore than one of these particles, 
,,,,ClC~'S rodtlct nucleus is frequently radioactive ; and this radioactivity 
111' Pd to niexsure tlie extent to which tlre nuclear reactions occur. 1n 
is use cases the processes cannot be studied with the naturally occur- 
1 ~ ) :  cv 1sotop ic concelltrations either because the isotope of interest is 

dilute or because the presence of other isotopes gives rise t(-j inter- cerY 
fering I n  these cases separated stable isotopes are 
usPC{ as target materials. 

Enrl&ed stable isotopes of iron 54 and chromium 50 have been 
bombarded with x-rays from the 100 Mev betatron to observe the 

of single neutron emission in a region of the periodic system 
shere a large challge in the probability of this process occurs. Final 
muits are not yet available. 

with the beharior of excited nuclei. 

Hapuard Medic& s c h o l ,  Boston, Ma;ss.-TVe have used radiocal- 
cim (Ca 45) to determine its absor tion spectrum. We have also used 

to radioautograph techniques. Work on the perfection of techniques 
for high resolution radioautographs is being continued. 

radiocarbon (c 14) to study the e P ect of its beta radiatioh as related 

university of IlZino:s, Urhcmu, IlL-We have used radioantimony 
(Sb 124) for studies of nuclear energy levels. We have used radio- 
copper (Cu 64) in studies relative to the theory of beta decay to try 
to ex@iln discrepancies found by other investigators. We have also 
user] raclicjstrontium (Sr 90) in similar studies. 

The availability of a large number of radioactive isotopes of high 
specific activity has made possible a number of systematic investiga- 
tions of the properties of nuclei which would have been difficult or im- 
practicable before the advent of the pile. 

Rdiocarbon (C 14) has been used to determine the identity of 
beta rags and atomic electrons. This investigation has demonstrated 
in a definitive way that beta-rays are identical with the electrons sur- 
rounding the nucleus. 

Excited states of nuclei occasionally persist for a short time which 
can be measured if the time exceeds a few hundredths of a microsecond. 
With the help of radioactive isotopes such states have been studied 
following beta emission. A new type of iiuclear transition has been 
discovered by following beta decay of radiogallium (Ga 72) in which 
the energy of the nucleus is transferred to the electrons surrounding 
it. 

We hare used carrier-f ree radiophcisphorus (P 32)  and radioyttrium 
(Y 90) in our research. We have recently carried out experiments 
which @ve valuable information about the nature of the beta decay 
process in radioactivity. These experiments have provided informa- 
tion about the nature of a fundamental particle called the neutrino. 

5 C f r ' : 7  > L  
r_ cl c, 2 J 
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ITldia?la C?tiversify, Lafayette,  1 n d . W e  are studying the full- 
damcq1tal properties of the radioactiTe species themselves. The radia- 
tions given off by artificially radioactive substances consist of electrons 
positrons, and ganima-rays. It is of fundamental physical impor: 
tance to measure the ener6es of the radiations which are given off and 
the relations between the energies of the gamma-rays and the particles, 
This is a t  present the only means we have of makillg a detailed study 
of the mechanisms which account for the belmvior of radioactive 
nuclei, Such measurements, for example, may erentually tell us about 
the forces which hold the nucleus together and their role in causing 
radioactivity. As a practical byproduct of our studies, we found 
that some of the earlier work conducted in this field was wrong and 
that the energies of the radiations from the substances, as presently 
quoted, must be corrected. 

One group uses a magnetic lens and is interested primarily in &s- 
integration schemes and energy levels of radioactive isotopes. A 
second group uses a small 180" magnetic spectrometer and is like- 
wise interested in disintegration schemes. A third group uses a lar e 
180" magnetic spectrometer, with inhomogenous field and is primmi P 9 
interested in the shapes of beta-ray spectra. 

The Johns Hopkin3 G-aiversity, Baltinzore, Jld.--We plan to utilize 
deuterium (H 2) in a study of the light emitted from the Oxygen- 
deuterium flame in the infrared region of the spectrum. 

Deuterium oxide (D,O) will be used in the preparation of deuterated 
fatty acids whose infrared absorption spectra will be studied at  liquid 
helium temperatures. The purpose of this latter experiment is to 
study the structure of the so-called hydrogen bond band. 

Massachusetts Institute of TechwZogy, Cadridge, Muss.-The 
stable isotope, boron 10, has been used for the construction of sensi- 
tive boron-lined neutron counters. These counters are being used in 
studying neutron diffusion in hydrogenous media to provide funda- 
mental information from which to design neutron and gamma-ray 
shielding. 

We have been studying light and heavy hydrogen with the hope 
of learning more about the forces which exist between the electron 
and the nucleus. For  this reason we have investigated the radio 
wayes which come in and out of the hydrogen atom. We have learned 
that new theories are necessary to understand the behavior of the 
electron inside the atom. 

We have used radioiodine (I 131), radiozinc (Zn 65), radiocopper 
(Cu 64), and radiosodium (Na 24) to check measured absorption 
coefficients with theoretical d u e s .  Such checks are important not 
on1.y from the viewpoint of the theory of interactioli of gamma-rays 
with matter, but also for the purpose of shielding personnel and 
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apP- nratus from radiation, and for studying gamma-rays of unknown 
energy. 

Our results with I 131 showed the presence of an unknown higher 
enerp  gamma-ray. A study in the bet x-ray spectrometer shoTed 
its to be about 0.65 Mer. The absorption of the other gamma- 
rays in aluniinixnl, copper, tin. tantalum, and lead, shoxed agreement 
Kit11 theory within about 1.5 percent -vs-ith the exception of radio- 
cobalt (1.16 and 1.31 Mer) and Zn 65 (1.14 MeV) in tantalum. Here 
the deviation was about 4 percent. Further work needs to be done 
before stating that this apparently anomalous absorption in tantalum 
at about 1.2 Nev is real. 

111 the analysis of ultraviolet, infrared, and Raman spectra of 
molecules, isotopes, especially deuterium (H 2), or ‘‘heavv hydrogen”, 
am of great importance because they enable the investigator to change 
the spectra of molecules in a controllable way. For exkmple, in our 
laboratory, we have prepared the deuterium derirative of the newly 
spIlthesized molecule cyclooctatetraene, whose formula is C,H,. The 
infrared, ultraviolet, and Raman spectra of C,H, have provided in- 
formation about the structure of the molecule, but the results of spec- 
troscopic study were so surprising that it was highly important to 
confirm them. This confirmation has been obtained by making a 
completely new molecule in which all the hydrogen has been replaced 
bv deuterium to gix-e the formula C,D, The spectra of CSD, confirm 
&e results obtained from C8H8 and indicated that our unexpected 
results are correct. 

University of Michigan, Ann Ador ,  Mkh.--More than 30 radio- 
active isotopes have been studied particularly to show internally-con- 
verted gamma radiation. Also, in several cases, the forms of the 
beta spectra as well as the half-lives and the value of any high energy 
gamma radiation, have been determined. 

The research program has led to very fruitful results. Many new 
radioactive emitters have been discovered and in many of the ele- 
ments several converted gamma-rays have been found. In  some in- 
stances i t  has been possible to construct nuclear level schemes to ac- 
commodate the observed energies. 

University of Mimwsota, MinneapoZG, Mi?zn.-The availability of 
deuterium gas has made possible the study of interactions of deuterons 
Ki th  light nuclei. The information revealed is fundamental to the 
understanding of elementary nuclear structures. 

National Bureau of Xtandards, -Washington, D. C.-Radioactive 
isotopes hare been used in this laboratory in connection with the 
method called tracer micrography. This method extends the known 
method of radioautography bv producing electron optical images. 
At present the resolution of tKe new method exceeds by a factor of 



136 UhTITED STATES A T O M I C  ENERGY cOMR.IISSIOhT 

three the best resolution obtained by means of radioautograpliy: ~h e 
usefulness of this new method in its application to  biologlv, nlC&che 
and metallurgy is being investigated. 

Heavy water has been used in a research progranl concerlied w* 1th 
the mass spectrometer analysis of C,H,, C,D, and CaH.  

Mercury made by neutron attachment to gold has been allalgsed 
bv the mass spectrometer and found to be. nearly pure mercury 1g8 
&th a trace (.16 percent) of mercury 199. 

University of North Carolina, Chapel Hill: h7. Q.-A T-ery carehi 
effort is being made, with highly precise apparatus, to obtain more 
information about the positive particles reputed to be associated with 
the disintegration-electrons from radiophosphorus (P 32) . Special 
attention is being given to  the matter of supportillg the radioactive 
source in the apparatus, and new techniques have been developed for 
this purpose. 

Contrary to the experiences of earlier workers, preliminary results 
of our research to date have not revealed any positlve particles in con- 
nection with the disintegration-electrons from the P 32 isotope. It 
is not possible to state vhether the final results will or will not con- 
firm this preliminary report. 

Univemity of ATbtre Dame, ATotre Dame, I.nd.-Our investigation 
has been ctiisected toward the determination of the hotodisintep- 

will afford a check on existing values and will be used to determine the 
mass of the neutron. 

tion threshold of deuterium (H 2). The result of t K is investigation 

University u f Pemwylvania, Philadelphia, Penna-The end point 
of the beta-ray spectrum of radiocarbon (C 14) has been determined 
precisely. This number is of interest in establishing a transmutation 
cycle which may ultimately lead to a more accurate and reliable value 
of the neutron mass. 

Initial tests of 'our beta-ray spectrograph box with radiocopper (Cu 
64) radiations ha\-e helped us to redesign the box to improve the dis- 
crimination against scattered radiation. This should enable us to 
compare the positive and negative spectra and thus t20 determine the 
discrepancy with theory. 

Princeton University, Princeton, N .  J . 1 n  our research program 
we have attempted to use radiophosphorus (P 32) as a source of beta 
particles in crystal counter research. Since the maximum energy of 
these beta pa&icles is known, the energy per ion pair may be deter- 
mined. The beta particles enter the crystal a t  the surface and pene- 
trate only to a small degree, thus the region of production of secondary 
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ctrons is accurately knorn. Until recently we had used gamma- 
exclusiT-ely. in JThich case the region of production of secondary 

~ 1 ~ e  energy per ion pair AgBr and hgCl is of the order 

9. polarization phenomena in such crystal counters can be ex- 

r:1* L throughout the crystal. 
&r.t I’m- The results are: 

of ten electron T-olts. 

plained in terms of a simple model. 

we ha \-e been using the unseparated isotopes of radiotin to study 
their nuclear properties. We have established the existence of double 
tleta decay from the nucleus of Sn 124 almost beyond the possibility 
of doubt. It is hoped that a similar investigation with separated 

es of zirconium mill be even more successful since the effect there isot-op 
Tile study of this double beta activity has an im ortant bearing on 

shown that the predictions of some of the theories are 
incorrect. 

w e  have been investigating the production of radiocarbon ( C  10) 
from boron 10 by the bombardment of protons. Previous work had 
,+en results that turned out to be in error and only by use of the 
Fmiched sample of boron 10 was it possible to be certain that the in- 
creased activity reallv came from C IO. 

It has now been &finitely established that C 10 has s half-life of 
19.1 seconds and emits positrons at  a maximum of 2 MeV. It is be- 
liered it will be possible to investigate the gamma-ray spectrum by 
the use of the enriched boron. The entire roblem is of great impor- 

tremely difficult to investigate this problem further without the en- 
riched isotopes because of the roduction of C I1 from boron 11. 
In another investigation we%ave been using enriched boron 10 in 

the form of boron trifluoride gas to fill proportional counters for the 
determination of the absolute values of the number of neutrons in the 
atmosphere. Owing to the extreme1 low intensity of these neutrons, 
it would have been prohibitively di  fi cult to make accurate investiga- 
tions of this kind without the enriched boron. 

we have investigated the altitude dependence of cosmic ray neutron 
htellsities in order to obtain a better understanding of the mechanism 
of nuclear transmutations taking place in the upper atmosphere. We 
have found that the neutron intensity increases exponentially with 
altitude in a manner closely similar to that in which the intensity of 
cosmic ray “stars” increases. The absolute value for neutron pro- 
duction a t  sea level has been determined. 

be larger. 
tile l-arious theories of nuclear forces and the resu F ts on the tin have 

tanw to the nuclear theory of the light e P ements. It would be ex- 

Staford University, Palo Alto, Ga?if.-Using boron 10 to study the 
magnetic nionient of the neutron. The use of B 10 has greatly in- . 
creased the efficiency of our apparatus for neutron detection and has 
thus materially contributed to our present very accurate knowledge 
of the neutron moment. 

7971 4838-10 
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Xyraewe Cnizw-sity. 8yram.w. iY. Y.-B>- an exchange reacti,,, 
(1:) USE on deuterium (H 9 )  T a s  sllbstituteci in place of the hydrogeii atonls 

aniline and niethy1aniline. ,$bsorption spectra were obtallled of these 
molecules in the near ultrariolet. The shift of ribrational frequea- 
ties with change in niass was observed and seem to  indicate thxt a Tibra- 
tional assignment giren earlier \\-as correct. 

& 

Fmiwerdy of Texm, dwtin., Tea.-TTe have used deuterium (H 2) 
in determining the stopping paver of this gas for polonium alpha 
particles as compared to the stopping power of ordinary hydrogen 
We also intend to use deuterium as a source of the bolnbarding 
deutrons in a D on D neutron generator under construction. 

We are also carrying on an investigation directed toward the inter- 
pretation of electronic spectra of aromatic hydrocarbons throu gh 
the use of deuterated compounds. 

( Ca1 
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University of Wikwnsh~~, Madison, Wis.-Certain of the particles 
that constitute atomic nuclei act like tiny magnetic tops. Two h- 
portant properties characteristic of each kind of nucleus, now under- 
stood partly, but not well enough to allow their prediction for  atoms 
not already studied, are the total angular momentum of this spin 
and the strength of the resulting m a p e t .  One of the most fruitful 
means of studying these properties is the analysis of very narroa 
separations, or so called hyperfine structure, in the spectrum lines 
emitted by the atom. I n  the cases of the rarer isotopes, there were 
no means of studying these subtle effects until samples of the separated 
single isotopes became available. 

After earlier studies on zinc, for instance, the spin of the stable 
isotope Zn 67, wliich is present naturally only to the extent of 4 per- 
cent, remained uncertain. Our investigation of the isotope in 56 per- 
cent concentration easily determined that the spin is two and a half 
units. 

Radioactive isotopes of carbon (C 14), phosphorus (P 32), sulfur 
(S 3 5 ) ,  yttrium (Y 91), and cobalt (Co 60) have been used in an in- 
vestigation of the scattering of radiations as a function of the geomet- 
rical arrangement of counting equipment. The first four of these 
elements have also been used in a study of the production of brehms- 
stralilung (secondary electromagnetic radiation produced when beta- 
rays are absorbed in matter) as a function of atomic number of absorber 
and the energy of the beta radiation. 
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'b tracers in chemistry, radioisotopes are used extensively, and in 
* routinely, to obtain information with a speed and preci- man? For  example, a radioactive constituent 

be analyzed for in a solution a t  concentrations far  below one 
may er million simply by counting its disintegrations for several 
dnutes. By the addition of a radioactive tracer isotope which fol- 

ot11er atoms of the same element, for example in a chemical re- 
action, a relatively simple and accurate counting procedure may be 
,ubstituted for what otherwise would be a very laborious or even im- 
*,ossible chemical analysis. Similarly the degree of separation be- 

tion, solvent extraction, and absorption is measured much more rap- 
idly and accurately by using a radioactive tracer isotope in one of the 

since very small traces of radioactive material can be 
Itlegsured readily where they could not otherwise be detected. 

separation of Rare Earth Isotopes f r m  Fission Products of Uru- 
tijum.-An example of the tracer technique described in the foregoing 
pragraph is seen in the development of a procedure for separation 
of radioactive isotopes of the rare earth elements formed from the 
fission of uranium. Because of the smallness of the amounts, the 
radioactivity of the isotopes presents the only practical means of de- 
termining their presence. All procedures for the separation of these 
isotopes hare been developed by makin use of the radioactivity as 

rare earth isotopes are arailable in the isotope distribution program. 
Separation of Stable Rare Earth Elements.-Similar processes 

haye been developed for separation of nonradioactive rare earth ele- 
ments which have been almost impossible to separate by previous1 

isotopes of the same elements being separated made it possible to 
develop ion exchange separation processes. ,4 counter which regis- 
ters the radioactivity is nom used to indicate the concentration of a 
particular rare earth in the solution flowing from the ion exchange 
dumns. With radioactive rare earth isotopes used in this manner, 
it has been possible to improve the separation processes so that very 
Pure samples of the rare earth elements are now becoming available 
for research purposes. 

Themodynamicg o f Copecipitation.-Anot her example of the ap- 
plication of radioisotopes as tracers is in the study of the equilibria 
involved in the carrying of traces of an ion by a precipitate of a for- 

previously possible. 

p& P 

F I Keen various materials in such processes as precipitation, distilla- 

means of measurenient. As a result of t a is work, purified radioactive 

wailable means. Addition of small amounts of radioactive rare eart K 
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eign c,onipound-for example, the carrying of bromine ion by silpet 
cfiloride precipitate. At the low concentrations at which this F~~~ 
must be done, radioactive isotopes offer the o~l ly  practical meanS of 
measurelnent. Progress has been made in nieasuriiig the free ener 
alld heat of reaction fo r  the formation of dilute solid solutions of ST 
ver bromide in silver chloride. This furnishes valuable data on the 
thermodynaniics of coprecipitation. 

Electrodeposit ion of Traces of Silvw.-The electrodepgsitioll of 
metals is another instance where radioactive isotopes furnish the odp 
tool sensitive enough to follow the potential versus concentratipn CU& 
to exceedingly low concentrations. I n  studying the deposition of 
silver, for example, the concentration was followed to  such a low 
value that the electrode contained less than a single layer of silver 
atoms. Such studies are fundamental to the separation of traces of 
elements and are useful in preparing radioactive isotopes free from 
nonradioactive atoms ,of the same element. 

Reaction Mechanisnzs in Organic Chemistry.-Radioactive carbon 
14 is being used in stud Ting the mechanism of organic reactions. The 

the role played by each carbon atom in a reaction. From preparing 
organic compounds for other research, several reaction mechanism 
have been elucidated. 

Biobgical Applications of Radioisotopes.-Radioactive isotopes are 
being used as sources of ionizing radiations and as tracers in gatherin 
basic information on the effect of radiation on living tissue. Use8 
as tracers, radioisotopes permit problems to be studied involving 
single cells, micro-organism, etc. The amounts of material are so 
small and the reaction so complex that no other means except radio- 
isotope tracers can be used. Much of this work has been in progress 
only a short time and detailed results are not generally available; 
however, specific examples of this work can be given. 

Comparison of Killing and Mutation Effects of Radiation.-Studies 
comparing alpha, beta, and gamma rays from radioisotopes with 
X-rays, neutrons, and fission fragments from other sources indicate 
that the factors causing death and factors causing mutation are at 
least partly independent of each other. 

Beta Radiation and Skin Cancer.-Radioactive phosphorus is being 
used in the study of skin cancer formation-a subject of great im- 
portance wherever personnel may be exposed to radiation. Since 
this isotope emits pure beta radiation it is possible to compare the 
effects of beta and gamma radiations. This study is being extended 
to include research on drugs which might influence the rate of pro- 
duction and the development of tumors. 

Studies of the Role of Potassium in Blood.-Through the use of 
radioactive potassium it has be& possible to study potassium exchange 
between cells and plasma in blood iJ-ithout disturbance of potassium 
equilibrium in the animal. Research in this laboratory indicates that 
ptassiuni in the blood is held in more than one form and throw a 
new light on potassium exchange mechanisms. 

Elffects of Radiation on Mutation and Inheritance in Micro- 
organisms.-The radiation from radioactive phosphorus is also being 
employed to produce and study mutations affecting vigor and other 
characters in single cell animals {paramecia), bacteria, and bacterio- 
phage. By similar experiments it may be possible to determine 

use of this isotope ma t yes it possible for the first time to determine 
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,hethc, ;d~erited characteristics are carried solely in the gene or 
Studies are being made of the inherited changes produced 

~ l ~ ~ ~ ~ ~ i a ~ i o n s  from radioisotopes contained within the cells of 

syrz,tbesis of Nu.cl-ic Acids in Bone.-Methods of using radioactire 
j1orus 3 in the measurement of organic phosphates are being 

PhosPecf ant] will be of great importance in research on the synthesis 

Of*' of Radiation on Metabo7isrn.-With the aid of radioactive '' the norlnd nietabolism of certain basic carbohydrates and fats c 14, been studied using bacteria as test organisms. The res'ults indi- 
the existence of hitherto unknown relationships between fats, wr- llas 

cste Irojl$rateS, and carbon dioxide. *4dditional studies on carbon 
tlioTilde with carbon 14 tracer are aimed to show some of the inter- 
a,&ates between carbon dioxide -and carbohydrates in green plants 

After it has been determined how nor- 
( 8 s  
nlal function, attention will be directed to the effects of 
ndiation on metabolism, employing molecules containing radioactive 
atoms of carbon, phospltiorus, sulfur, etc. 

rAr.IOUS v t plants. 

.rudl zlcleic acids in bone. 

tudy of photosvnthesis). 

LOS S U M O S  SCIENTIFIC LABOfL4TORY, AEC 

LOS ALAMOS, NEW MEXICO 

( University of California, Contractor} 

Isotopes have been used in the Los Alamos Scientific Laboratory 
rincipally by the Health Physics and Experimental Physics Divisions. P -4 major part of the medical research program ,has centered around 

the use of Carbon 14 (C 14) in studying animal metabolism. The 
problems studied and the results obtained are given in the following 
summary. 

Synthesis of Biologicdy Importanf Compounds Labeled with 
14.-*4 major problem in the application of C 14 to studies in biolo 

andmedicine is that involved in synthesis. C 14 is delivered by t e 
hotopes Branch of the ,4EC in the form of barium carbonate. A 
major problem in applgina this. isotope to biolo and medicine is 

relatively simple starting material. 
During the past six months four biologically important compounds 

have been synthesized from barium carbonate. These compounds 
are : Nicotinic acid (the anti-pellagra vitamin}, nicotinamide (the 
therapeutic form of the anti-pellagra $itamin), p-aminobenzoic acid 
(believed to be important in the physiology of pernicious anemia) 
and anthranilic acid (believed to be an intermediate in the metabolism 
of tryptophane). All of these substances were synthesized in excel- 
lent yields and with a specific activity. such that one milligram of 
the material Kill give 30 million C 14 disintegrations per minute. 

A Study of the Gross Metabolism of Nicotinifi Acid and Nicotinamide 
by the AnimaZ Organ;ism.-Using C 14 nicotinic acid and nicotinamide 
a detailed study has been made of the excretion, body .deposition, and 
utilization of these very important nutritional substances. Results 
indicate that thev function in the enzyme systems of the tissues. The 
more rapidly hhctioning tissues and organs take up the radioactive 

P 
to synthesize complex biorogically important su F stances from this 
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substances in greater amoimts and utilize them much more rapid1 
The major part of the material is excreted in the urine with SQ$ 
amounts being broken down and eliminated in the breath as ca 
dioxide. 

Gross Metabolisnz of P-dminobenaoic and Anthrani7ic Acids  b 
A n i d  &gGn.ism.-Using C 14 labelled compounds it was sh 
that the gross nietabolism of p-aminobenzoic and anthranilic acids in 
the mouse is quite dizerent; from the ~ietabolisin Of nicotillic acid 
nicotinamide. Anthranilic acid and p-aminobenzoic acid are not Bs 
readily fixed in the tissues and organs and the rate of urillary 
nation is much higher than for the other two substances. ThereFeeQ 
to be little breakdown of p-aminobenzoic and anthranilic ac& tu 
carbon dioxide. 

A Study of the Uptake of Nicotinic Acid,  P-Aminobenzoic Acid and 
Nicotinamide by Human Red Blood Cells.-Human red cells were 
incubated in the presence of C 14 labelled nicotinic acid, p-aminobcn- 
zoic acid and nicotinamide. After different periods of incubation 
the uptake of acids was dt3termined by measuring the radioactivity 
with a Geiger counter. Human red cells take up nicotinic acid u1 
large amounts and fix it in the cells in a form which cannot be wash4 
out. It has proven that the nicotinic acid is being converted to 
coenzymes I and I1 in the cell. Nicotinamide and p-aminobemoic 
acid are not so fixed, indicating that they do not serve any appreciable 
function in the enzyme syst3ms of the red blood cells. 

E f e c t  of Radiation on the Utilization of Nicotinic Acid by Humn 
Red Blood Cells.-Human red blood cells mere given increasing doses 
of X-rays ranging from 50 to 500 roentgens. ‘l’he ability of the red 
blood cells to take up nicotinic acid after different doses of radiation 
was measured bv using C 14 labeled nicotinic acid and a Geiger counter. 
Doses of radiaiiori as large at 500 roentgens had no effect on uptake, 
indicating that radiation does not interfere with that particular coen- 
zyme system of the cell. 

A S tudy  of Techniques for Quantitating Weak: Beta-Ray Emit t iq  
Isotopes.-An intensive stcdp has been made of methods of measuring 
quantitatively the radiations coming from C 14 and S 35. These 
substances emit such weak radiations that it is necessary to work out 
careful methods of measurin and correcting for absorption effects. 
This is an essential feature i P these radioactive isotopes are to be of 
value in biological and mcclical studies. Results indicate that mass 
absorption corrections may be low by 20 percent, if one accepts the 
standard absorption correction curves and equations. 

The  Use of Radioactive Sodium to S tudy  C‘ircdato y Impairment.- 
Radioactive sodium has been used to locate the point of circulatory 
im airment in a case of Burgers’ disease. By injecting radioactive 

circulation of the leg was impaired was located by the drop in radio- 
activity. I n  the same experiment careful measurements of the dilu- 
tion of the radioactive sodium by the body fluids gave an accurate 
measure of the total mater volume of the human body. Urinary and 
fecal analysis for radioactivity resulted in a study of the elimination 
of sodium chloride from the human subject. 

T h e  E f e c t  of Acute Radiation on Phosphorzcis Metabolism.-Phos- 
phorous plays an important part in the make up  of phosphoproteins 
and nucleic acids-a major constituent of the nucleus o f  cells. BS 
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ibrnting rats with radioactive phosphorous and then giring them 
cr doses actlie X-ray exposure, a study has been niade of the 

cilr? 115 the radiation on the breakdown of these important nuclear 
Of This experiment is still in progress aiid the results are 

su ncluslve at this time. 
j@ el+inlental phj-sics activities vi th  reference to the use of sepa- 

Some work has been performed to explore the 
topes 3: of isotopes as detection instruments. For example, boron 10 has 
Ilst' sed as a neutron detector, and the following separated isotopes 
Wn :een used in foils as rtraction threshold detectors; iron 54, molyb- 

bstsnces- 

E i  f P  isotopes can best be suniiiiarized as studies contributing to a 
Pltt' j ~ ~ t e r  kllowledge of nuclear structure and properties by the use of iso- 

denurn IlHt'e 94, Illolybdenurn 100, nickel 58, and chromium 52. 

research tools. 

BROOKHAVEX KATIONAL LABOR~TORT, AEC 

UPTON, L. I., N. Y. 

( d ssoc iated U nivem it i p s  ? Ine., Go n t Tact or-) 

Research is being done with radioactive potassium (K 40) for the 
urpos of determining the absolute value of the beta disintegration 

;te, and investigating its dual decay pattern. 
sjllce K 40 is a naturally occurring radioactive isotope, these studies 

%re of considerable interest for giving an independent method of age 
determination of the earth. 

Radioactive carbon (C 14) is being used for studies of the niecha- 
n i a  of heterogeneous catal sis, such as in the liquification of coal. 

Radioactive phosphorus (5 32) is being used to study the rate a t  
Khich phosphorus compounds in the liver, which are concerned with 
the storage and utilization of fats and sugars, are transformed into 
one another, and also the effect of radiation on the processes of forma- 
tion and utilization of these sugars and fats. 

The use of P 32 makes it possible to follow these processes. 
Rsdioactive iron (Fe  59 and Fe 55) isotopes are being nsed to inves- 

tigate the metabolism of iron in  rats, and its distribution in key tissues 
throughout the bod?, including the adrenal and pituitary glands. 
The effect of radiation on metabolism is also being studied. 

A special application of iron tracer technique has been undertake11 
for the purpose of obtaining accurate blood volume data. 

ARGOKNE NATIOKAL LA4BOR.4TORY, AEC 

CHICAGO, I L L .  

University of Chicago? Cohtractor) 

Fundamental physical investigations conducted with hydrogen 3 
(tritium) aiid helium 3 have demoiistmted that nuclear particles 
exchange their indentitv a t  a rapid rate while confined within the 
nucleus of the atom. The small number of particles in the nuclei of 
tritium and helium 3 makes possible the interpretation of measured 
"magnetic moments." 

The forces in the atomic nucleus-the same forces released in an 
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atoiiiic bomb-are among the most puzzli~ig phenomena of modern 
physics. These forces do not behave like others known to science, such 
as gravity and the familiar electromapetic forces, although previous 
experiments have shown that both protolls and neutrons behave in 
niany respects like small magnets. Their magnetic moments, or 
strengths, have been determined with great accurac?. 

But, under normal conditions. the total magnetic moment of a 
system should be equal to the sum of the moments of the  individual 
parts of the system. Experiments showed, however, that this Ras 
llot true in the case of hydrogen 3 and helium 3. I n  each case, the 
measured value was higher. 

It was to be expected that the magnetic behavior of hydrogel1 3 would 
be like that of a single proton because the two neutronic magrlets shodci 
cancel each other. Similarly, in helium 3, the two protoaic magnets 
should cancel each &her, so that the helium 3 nucleus should be like 
a single neutroiiic magnet. The experiment showed that this was 
almost the case, but not quite. 

The measured ralue differed from that expected and was highel. 
in each case by about 10 percent. This indicated that there m u s t h  
a “something else,”-something in addition in the magnetic system 
The probability that the “something else” is an exchange curreni 
flowing clockwise is one nucleus and counter-clockwise in the other, 
as the protons and neutrons chanae their identity, was a convincing 
probability. Magnetism is estabyished by a flow of current, and 
since an additional magnetic moment was measured, the “exchange 
force current” appears t o  be demonstrated by this experiment. 

PARTIAL LIST OF ISOTOPES I N  USE AND PROJECTS UNDERTAKEN 

IZZinim.-Identifying the mass of 47 hour activity. 
Phosphorus 3Z.-Investigate toxicity of P 32 in mice and rats. 
Experiments involving the uptake and metabolism of phosphorus 

by one-celled organisms such as paramecia and cell-cultures. 
Study of the formation of red blood corpuscles. 
Sulfur 35.-Experiments involving the uptake and metabolism of 

sulfur by one-celled organisms such as paramecia and cell-cultures. 
Synthesis and study of metabolism of organic compounds and the 

effects of irradiations on these compounds in vitro and in vivo. 
Carbon I&--Stxidies of carbon metabolism in bone enzymatic reac- 

tions as influenced by various types of irradiation and the measure- 
ment of the quantity and rate of carbon turnover in animals. 

Study of toxicity: retention, and distribution of radiocarbon. 
Preparation of standards for instrument calibration. 
Synthesis of labeled biologically important organic compounds and 

Studies on the role of carbon in bone salts, its disposition and mobili- 

Grow radioactive vi-heat for experimental purposes. 
Cntcizom &5.-Inrest igations of plutonium therapy. 
Development of methods of instrumentation for soft beta radiation- 
Study tosicit>-, metabolism, distribution in  laboratory animals. 
Zirconium 95.-Fission product studies. 
CoZun?,biztm %.-Fission product studies and in development Of 

process for separation of columbium from plutonium. 
TeZZuri.um Ii?6’.-Preparation of iodine isotopes. 

studies of their metabolism. 
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Illai.zwa 113.-Identification of activities or periods. 
lqldium i~5,-Identifications of resonances. 
I'ndnz;7c?n 206, 208, 110, 122. 119, 113, 114, 116.-Identification of 

cadnliw??~ 106, 108.-Clarification of status of active tin isotopes. 
11.-Identification of activities or periods and identifieation 

~02y~dgn.um 9g, 9-$,95,96,97, 98.-search for and identification of 

selenizmn, 76,7'8,89,74,80.-Searcfi for and identification of isomers. 
~ ~ i h ~ & m  ir03.-Investigat8ions in ruthenium chemistry. 
A,&mlz?J IZ1,123.-Activation experiments with slow neutrons and 

Clarificatioll of status of active tin isotopes. 
Technetim.--Study of crystal structures. 
Dry chemistry of technetium. 
Mpha Source for back scattering. 
Iodine I31.-Studv toxicity and metabolism of radioactive iodine. 
ce&m I-P-l& A?izture.-Fission product studies and for stand- 

Study of chemistry and separation of fission product cerium from 

f lhmmd 61 1~7.-Freparation of solid components and study of 

6tgsizcm lfl.-Fission product studies and for  standards. 
Ce8i2lm 137--134.--Tracers to  follow permeability rates in irradiated 

plant tissues. Whether or not high doses of radiation have any im- 
mediate effect on membrane permeability as apart from genetic effects. 

Strmtiwm 89.-To be used as means of irradiating enzyme soiu- 
tions-chronic effects of radiostrontium. 

Nickel 59.-'Po calibrate low absorption counters. 
A'ickel @.-Search for a possible nickel activity as mass 63. 
Ilubidium 86.-l'o be used as tracers to follow permeability rates in 

irradiated plant tissues. Whether or not high doses of radiation have 
any immediate effect on membrane permeability as apart from genetic 
egects. 

Tin 116,117,128,219,120,132?, IB-4.-Clarification of status of active 
tin isotopes. 
I T O ~  5 6 . T r a c e r  studies on iron in isolations of new d o w n  activi- 

ties of natural ores. 
Yttrium $I.-Preparation of biologically inert compounds for local- 

ized exposure of animal parts to beta radiation. 
Zinc GT'.-Determiiiation of neutron scattering cross-section. 
Mkture of Prae.s.odymium 143, Neodymium 247, Europ'm 155-156, 

EZemnt 61 lb7'.-Investigation of the separation of plutonium from 
fission products. 

,cti.ities or  periods and identification of resonances. 

of reson&nCeS* 

;sonWs. 

identification of isomers. 

ards. 

plutonium. 

preparation by X-ray. 

HANFORD PLUTOKIUM WORKB, AEC 

(General Etect.l;?'c Cmpany, Contractor) 

For the calibration of Geiger counters for accurate determination of 
active materials, isotopes have been used to prepare samples emitting 
radiations of known energies so that correction factors may be ob- 

RICHLAND, WASH. 
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tained. Values of the radiation scatter from the mounting plate ant] 
from the sample itself, as well as the absorption of radiation In Samplp 
material and counter walls hare been obtained. This is a long-ranEr 
program which will require several years of study for a complel i_. 
answer. 

The age of a fission product mixture may be determined b 9 the 
analysis of the ratio of certain pairs of isotopes. Since they decav at 
different rates the rate a t  any time is a measure of the age. One of‘t~ll, 
isotopes decays into an unstable “daughter” that later emits mote 
radiation. The sample is then analyzed for this daughter which is a 
measure of the one isotope. From this value and the total activitv 
the ratio of the tn-o isotopes may be obtained and, from this, the ai; 
of the solution. Pile-produced isotopes were used to check several of 
the methods used for determining this ratio. These methods 
chiefly physical rather than chemical. Conclusive results mill not h 
available for six months to a year, but the values obtained so far check 
the theoretical ones expected. 

The methods of analyzing for fission products have been devised for 
solutions of known composition. Certain materials from samples con- 
tain large amounts of various organic and nonorganic material, 
Methods of analyzing for  fission products in these materials must be 
developed. Separated radioisotopes allow the preparation of sampls 
with known amounts of activities which can be used to check yields and 
train chemists. Several important methods of testing samples for 
fission products have been developed. I n  addition older methods that 
have been used in controi and in development work have been tested, 

KNO- ATOMIC POWER LABORATORY, AEC 

(Genera2 Electric Company, Contractor) 
SCHENECTADY, N. Y. 

Radioisotopes are being used to study: (1) self-diffusion in silver 
and the effect of prior thermal treatments on the self-diffusion rnk 
and (2) diffusion of nickel in nickel-aluminum alloys. Both investj- 
gations are aimed at  learning the fundamental mechanism of diffu- 
sion in metals. At  the present time, it is generally thought that diffu- 
sion is permitted by the presence of vacant lattic sites in metals and 
that atoms may move by jumping into the lattic vacancies. The rate of 
diffusion is therefore controlled by the number of such vacant sites 
and the energy barrier which the atom must surmount in making the 
jump. I n  the case of pure silver, it is intended to ascertain whether 
or not the concentration of vacant sites may be altered by thermal 
treatments such as equilibration at  a high temperature followed b? 
quenching to a lower temperature as compared with slow cooling. 
Other work hxs showed that the number of vacant sites in aluminm- 
nickel alloy may be controlled by choice of composition of the alloz 
and by heat treatment. 

Work measuring self-diffusion rates in silver is well under way 
The silver isotope with mass number 110 having a 225-day half-life 
is being used. Techniques hare been established which give repro- 
ducible result s checking previous work under standard conditios. 
The conditions to establish the effect of previous heat treatment are 
being worked out a t  the present time. 5 0 0 0 2 8 
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n'ork with the nickel-aluminum alloy uses the nickel isotope, mass 
Ilunll,,,r 59 having a Is-year half-life. Suitable alloys are being 

f 
j 

AXES b B O K 4 T O R Y ,  AEC i c  ,,athered* 
AMES, IOWA 

(Iowa State College, Contractor) 

le from hafnium 181 (Hf 181) and its decay scheme are TI 
~ studied by absorption, coincidence absorption, and beta spec- 

dies of the radioisotope and is important in any use of this 

Radiozinc and radiocobalt have been used to calibrate the beta spec- 
come ter. It has been found by using combined sources of these two 
isotopes that the lower energy gamma ray from cobalt is slightly more 
pnergetic than the zinc gamma ray, rather tlmn vice versa as had been 

The production of various isotopes in the pile by bombardment of 
titgslium has been studied. The various nuclear reactions producible 
he pile are of interest since they may make available additional 

isbps for general use. A number of reactions were observed in the 
bombardment of titanium, including the production of the important 

I 

troIueter bein, 

Istope P'"P as a tracer- 

technique. This is being done to determine the physical 

previously. 

45 tracer in low yield. 

~ S ~ - E R S I T T  OF CALIFORXIA,  RADIATIOK LABORATORY, BERKELEY, CALIF. 
( University of CaZif omzia, Contractor) 

Carbon 14 is being used in a comprehensive study of the phenome- 
non of photosynthesis. Significant progress has already been made 
in the understandin of this tremendouslp important process. Carbon 

organic reactions with a vie+ toward the development of more efficient 
nlethods of synthesizing labeled organic cmnpounds. Considerable 
effort is now being expended in the synthesis of a large number of c 14 labeled compounds of fundamental biological importance. 

One of the major phases of the work is the study of the metabolism 
of the fissionable elements and their fission products in order to 
eraluate the hazards involved in working with these substances and 
also to develo means by which some types of radioactive poisoning 
may be treatex. Considerable work has been done in the past on the 
study of the behavior of certain fission products and of plutonium in 
mrious types of soils and the metabolism of these radioactive sub- 
stances in several representative plants of significance in the field of 
agriculture. 

Another important phase of the medical research is the determina- 
tion of the effects of various types and intensities of radiation upon 
specific organs in the body. This type of investigation is carried out 
by using various radioactive colloids and certain labeled chemical 
compounds xhich Stre hmown to localize in specific organs. An im- 
portant corollary to this research may be the development of techniques 
Khich may prove successful in the treatment of certain types of cancer. 

Iodine 131 and phosphorus 32 are used in the treatment of certain 
types of thyroid and blood diseases. Accompanying these therapeutic 
uses is the study of the long-range biological effects of the administra- 
tion of large doses of radioactive substances. 

14 is dso being use C f  to studv the mechanisms of certain fundamental 
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COLUMBIA UNIVERSITY (Contractor) KEW YORK, N. Y. 

Dcpartn2en.t of PhyGx.--’;\la jor research problems center around 
the investigation of the fundanleiit a1 nature of radioactive processes 
involving the emission of electrons, protons mid ga~i~ma-rays fro@ 
atomic nuclei. h survey of the radiations emitted by all avail&16 
radioisotopes is in progress. 

Detailed pictures of the nuclear energy level and transitions in- 
volved are contributing to building up a picture of nuclear processes 
on a scale and with precision not heretofore possible. 

The radioactivity of the potassium isotope of atomic weight 40 
(IC 40) found in nature has been known for a long period, but precise 
information on the nature of the radiation and the half life of K 4b 
which enters strongly into consideration of nuclear theory, as well as 
such diverse problems as the age of the earth and the internal heat 
developed within the earth, and radioactivity within biolo,aical orgm, 
isms which all contain potassium have never been treated or under- 
stood quantitatively. The stable isotope separation program carria 
on at the electromagnetic separation plant a t  Oak Ridge is prorid% 
the first samples of concentrated K 40 which will make possible the 
first really precise information on the natural radioactivity of this 
common element. Preliminary results have already been obtained on 
the energy and half life of K 40 and more precise information will be 
available as future samples of more concentrated K 40 are made 
available. 

College of Physicians and Surgeons.-We have undertaken a 
thorough study of the dosage problem in the use of radioisotopes in 
biology and medicine. The study includes the experimental determi- 
nation of all the quantitative factors involved, by direct or indirect 
means. 

New methods and apparatus have been developed for this purpose. 
In particular a satisfactory instrument has been built for the meas- 
urement of the radiation dose delivered to a tissue by a beta-ray 
isotope uniformly distributed in the tissue. 

This instrument can now be used as a standard for the measure- 
ment of beta-ray isotopes in terms of the radiation dosage rate they 
are able to  produce. This, of course, is the chief property of a radio- 
isotope of interest to physicians. 

Since in the present state of the ar t  the measurement of isotopes 
in terms of disintegrations per second is quite unsatisfactory, it is 
suggested that, a t  least temporarily, measurements be made in ternis 
of the radiation dosage rate that the material produces. The “roent- 
gen curie?’ is suggested as a convenient unit, for the obvious reason 
that one roentgen curie of any beta-ray emitting isotope per gram of 
tissue, produces a dosage rate of one equivalent roentgen per second 
within the tissue. The chief practical reason, however, is that meas- 
urements of beta-ray isotopes in “roentgen curies” can be made at- 
curately today, whereas such is not the case when quantities are ex- 
pressed in any other unit. 

We plan to  send out measured samples of the commonly used radio- 
isotopes to different laboratories in order that their instruments 
be calibrated in terms of (‘roentgen curies” for dosage purposes. 
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Up,mzRLsm OF ROCHESTER (Con tractor) , ROCHESTER, N. Y. Y. 
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~~d ioac t ive  beryllium (Be T ) ,  thorium (ux 1) , and uranium (u 
035) are all highly toxic. The mechanism by which their effects 

of the body in quantities Thich are difficult to measure by 
ordinary chemical meam but which can be detected yite readily if 

ave been used 
in determining the distribution of beryllium, thorium, 

and uranium, respectively, in the body. 
Radioactire calcium ( C a  45) and phosphorus (P 32) are valuable 

for following the course of chemical reactions within the body. It 
is of particular interest to study the process of deposition in the bone 
of toxic heavy metals such as uranium. Radioactive calcium and 
hosphorus have yielded valuable information on the processes of 

corporated into bone. I n  addition to studies of bone formation, 
radioaCtiTF phosphorus has been used in determining enzyme dis- 
tributions in yeast cells; in following the metabolism of phosphorus- 
containing fatty substances in animals; and in studying injury to  
cell nuclei by X-radiation. 

It is of importance to study the process of formation of hemoglobin 
other blood constituents in normal animals and in those injured 

by radiation. Radiocarbon ( C  14), which is incorporated into glycer- 
ine, one of the structural components of hemoglobin, has been used 
for such studies. 

Radioactive iodine (I 131) accumulates in the thyroid gland. It 
has been found valuable, not only for diagnostic purposes, but also 
for therapy of thyroid diseases in patients who are too ill to stand 
surgical operations. 

Radioactive sodium (Na 24) has been very valuable in studying the 
movements of salt and water in the body, both in healthy and diseased 
States. 

WESTERN RESERVE UNIVERSITY (Contractm), C L E V E L A ~ ,  Orno 
The study of total blood volumes is carried out with protein tagged 

xith radioactive iodine (I 131). To date, there is no accurate method 
for determining blood volumes. With tagged protein we have a 
material that will stay in the blood stream a comparatively long time, 
and is easily measured. It is too early to predict any results a t  this 
time, but the method looks promising. The material was used in ani- 
maIs, and to date in four patients, with good results. 

Estimation of the cardiac output may be possible ,with certain radio- 
active elements. Preliminary investi ations &re mder  way +th 
protein iodinated with iodine 131 an f red cells impregnated with 
phosphorus 32. 

Radioactive strontium (Sr 90) may be used for a beta source eye 
bulb in the treatment of certain eye conditions. It is desirable to use 
a beta source of long duration for this purpose. I n  this respect, Sr 90 
has the advantage over the conventional radon eye bulb, which has a 
half life of about 3.8 days, as compared to 25 years for Sr 90. An- 
other advantage of this type of eye bulb is the elimination of the un- 
desirable g a m a  rays which are present in the radon bdb. The 
~rontium eye bulb iinow being used for treatment of eye cases, and a 
full report of the results trill be published. 

i &re produced is of great importance. They accumulate in various 

ele111ents are radioactive. Be 7, UX 1, and U 235 

P bone formation, and also on how heavy metal poisons become in- 
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Atom 
No. 

51 

18 
33 

56 

83 
35 
48 

20 
6 

58 

55 

I S O ~ ~ p E s  AND ISOTOPE-LABELED COMPOUNDS AVAIL- 
ABLE FOR DISTRIBUTIOX THROUGH CO&lMISSION 
FACILITIES 

RADIOACTXE ISO~WPES 

MsssNo. 
ofIsotopc 

122 
124 
125 
37 
76 n 

131 
140 
210 
82 
109 
115 
45 
14 
141 
143 
144 
131 
134 
137 

~ $ ~ ~ k  Xtcmber.-This gives the number of positix-ely charged pro- 
tolls jn the nucleus of the isotope, and also the number of negatively 
C h G  nff fss  Number.-This gives the total number of protons and neutrons 

fled electrons outside the nucleus. 
-- 

in tlie nucleus- 
Bdf-life.-The time interval in which half the radioactive atoms in 
snmp le disintegrate ; the half -life remains cbnstant regardless of the 

llunlber of atoms in the sample (m, minutes; h, hours; d, days; 
y? rears) - Type  of  radiation.-^%, dpha-particle emitted ; an alpha-particle is a 

sitive]y charged particle consisting of two protons and two neu- gns; atomic number of the original isotope is reduced by 2 units, the 
mass number by 4. 

B-, beta-particle emitted ; a beta-particle is a high-speed electron 
having a negative charge; atomic number increased I unit, mass num- 
ber unchanged. 

B+ ~ positive beta-particle or positron emitted; atomic number 
reduced by 1 unit, mass number unchanged. 

K, K-electron capture; the nucleus captures an electron from the 
jmerrnost (K) electron shell; atomic number reduced 1 unit, mass 
number unchanged. 

e - ,  internal conversion ; gamma radiation from the nucleus inter- 
acts with a bound electron in the atom, so that the electron is ejected 
from the atom; atomic number increased 1 unit, mass number 
unchanged. 

IT, isomeric transition; the nucleus changes from a more to a less 
energetic state with emission of gamma rays or X-rays; atomic and 
mass numbers remain unchanged. 

C, gamma radiation is non-material short-wave radiation of the 
s n i e  general nature as X-rays and ordinary light. 

Element Symbol 

Sb 

A 
As 

Ba 

Bi 
Br 
Cd 

Ca c 
Ce 

c s  

Half-life 

2.8 d 
6 0 d  
2.7 y 

3 4 d  
26.8 h 
4 0 h  
12 d 
12.8 d 
5 d  

34 h 
300 d 

2.33d 
4 3 d  

180 d 
5100 y 
2 8 d  
33 h 
275 d 
10.2 d 
2 Y  
3 3 Y  

Type - of radiation 

B-, C 
B-, C 
B-, C 
K 
B-, C 
B- 
IC, e- 
B-, C 
B- 
B-, C 
K 
B-, C 
B-, C 
B- 
B- 
B-, C 
R-, c 
B- 
11 
B-, C 
B-, C 
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Element Symbol 

c1 
Cr 
CO 
Cb 
c u  
Eu 

Ga 
Cie 

Au 

Hf 
I1 

In 
I 
Ir 
Fe 

La 
Hg 

&TO 
Nd 

Ni 
os 

Pd 
P 

Pt 

P O  
K 
Pr 

Re 

Rh 
Rh 
Ru 

Sm 

sc 

Se 
Ag 

Na 
Sr 

s 
Ts 
Tc 

Te 

TI 
Sn 

T w 
Y 

Zn 

Z! 

Atom 
h-0. 

1 7  
21 
27 
41 
29 
63 

31 
32 

79 

72 
61 

49 
63 
77 

26 

57 
so 
42 
60 

28 
76 

46 
15 
78 

84 
19 
59 

75 

45 
37 
44 

62 

21 

34 
47 

11 
38 

16 
73 
43 

52 

81 
50 

22 
74 

39 

3c 

4c 

aass lie. 
If Isotope 

36 
51 
60 
95 
66 
152 
154 
155 
156 
72 
71 
77 
198 
199 
181 
147 
149 
114 
131 
192 
194 
55 
59 
140 
197 

203 ,2g  

147 
149 
59 
185 
191 
193 
103 
32 
197 
199 
210 
42 
142 
143 
1M 
188 

sfi 
97 
103 
106 
153 
155 
46 
47 
48 
75 
110 
111 
24 
89 
Qo 
35 
182 
97 
99 
127 

129 

131 
204 
113 
121 
123 

* 51 
185 
187 
90 
91 
65 
69 
95 

iai 

Half-life 

,m,oOo 5' 
26.5 d 
5.3 y 
35 d 
12.8 h 
9.2 h 
7 7  
2 7  
15.4 d 
14.1 h 
40 h 
11 d 
12 h 
2.7 d 
3.3 d 
46 d 
3.7 7 
2 d  
48 d 
8 d  
75 d 
19 h 
6 Y  

4 4 d  
40 h 
6 4 h  
2 5 h  
51.5 d 
67 h 
11 d 
47 h 
13 Y 
8 0 d  
32 h 
17 d 
17 d 
11.3 d 
18 h 
3.3 d 
31 m 
140 d 
12.4 h 
19.3 h 
13.8 *d 
F H ) h  
18 h 
36 h 
19.5 d 
2.8 d 
42 d 

zrn 
8 5 d  
3.4 d 

4 4 h  
125 d 
2 2 5 d  
7.5 d 

14.8 b 
55 d 
25 y 
87.1 d 
117 d 
93 d 

90 d 
9.3 h 
32 d 
70 m 
30 h 
25 m 
2.7 y 

10@ d 
ti2 h 
10 d 
72 d 
77 d 
24 h 
62 h 
57 d 

?50 d 
13.8 h 
~ r n  
65 d 

4: E 

i,ooo,ooo Y 

t ,  C 
3- ,  c 
3- ,  c 

B*, 6, c 
i-, c 
3-, c 
3-, c 
3-, c 
3+ 
3+, c 
3- 
6-, C 
3-, c 
B-, C 
B- 
B-, C 
IT, e- 
3-, c 
a-, c 
9-, c 
E, c 
B-, C 
B-, C 
K, e-, C 
E, e-, C 
B-, C 
B-, C 
E-, C 
B-, C 
K, e- 
K 
B-, C 
B-, C 
K 
B- 
B- 
B-, C 
B- 
A, e-, C 
E-, c 
B-, C 
B- 
B- 
B-, C 
B-, C 
B- 
9.e- c 
B-, d 
B- 
B-, C 
B-, C 
B-, C 
B- 
B-, C 
K, e-, C 
B-, C 
B- 
B-, C 
B- 
B- 
B- 
B-, C 
R, e-, C 
B- 
IT, e-, C, X-ray 
R- 
IT, e-, C, X-ray 
B-, C 
lT, e-, C 
B- 
B- 
K, e-, C 
B- 
B-, C 
R-, C 
B- 
R-. C 
B- 
B- 
B+, E, e-, C 
IT, C 
B- 
B-, C 

Glycine (met 
Methyl alcoh 

Auro thiosulp 

CARBON 1 

Acetaldehydc 
Acetone 
Alanine 
Benzene 
Chloracetic B 
Diazomethan 
Ethylene dic: 
Ethylene oxi 
Formaldehy d 
Formic acid 

797148- 
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Nitrogen: 15 (h' 15) 
Oxygen : 18 (0 1s) 
Potassium: 39, 40, 41 (E: 39, 40, 41) 

{Although technically radioactive, 
K 40 has a half-life of 400,000,000, 
4 x lo8 years) 

Selenium : 74, 76, 57, 58, SO, 82 (Se 74, 
76, 77, 78, 80, 82) 

Silicon : 28, 29, 30 (Si 28, 29, 30) 
Silver : 107,109 (Ag 107,109) 
Strontium : 84, 86, 87, 85 (Sr 84, 86, 87, 

88 1 
Tellurium: 122, 123, 124, 125, 126, 128, 

130 (Te 122, 123, 124, l25, 126, 128, 
130) 

Thallium : 203,205 (T1203,205) 
Tin :  115, 116, 117, 118, 119, 120, 122 

(Sn 115, 116,117,118,119,120 122) 
Zinc : 64, 66, 67, 68, 70 (Zn 64, 66, 67, 

68, 70) 
Zirconium: 90, 94 (Zr 90, 94) 

LABELED COMPOUNDS 

CARBON 14  COMPOUNDS 

Acetic acid (methyl or carboxyl) 
Acetyl chloride 
Aetylene 
Barium carbide 
~ a y l  acetate (methyl or carboxyl) 
g&yl alcohol (methyl or methylene) 
g&yl bromide (methyl or methylene) 
~ & y l  iodide (methyl or methylene) 
Glucosefructose mixture (biologically 

spthesized 1 
Glycine (methyl or  carboxyl) 
&$by1 alcohol 

Methyl iodide 
Potassium pyruvate (carbonyl) 
Sodium acetate (methyl or  carboxyl) 
Sodium butanate (carboxyl) 
Sodium cyanide 
Sodium formate 
Sodium heptanoate (carboxyl) 
Sodium hexanoate (carboxyl) 
Sodium pentanoate (carboxyl) 
Sodium propionate (methyl, methylene, 

or  carboxyl) 

GOLD COMPOIINDS 

&uothiosulphate I Colloidal gold 

CARBON 14 COMPOUNDS THAT W m  BE AVAILABLE FOR DISTRIBU'MON 
tT;ITHIh' THE NEXT 6 MONTHS 

Acetaldehyde 
Acetone 
Alanine 
Benzene 
Chloracetic acid 
Diazomethane 
Ethylene dichloride 
Ethylene oxide 
Formaldehyde 
Formic acid 

7 9 7 1 4 S - - 4 L 1 1  

Lactic acid 
Malonic ester 
Methylamine 
Phthalic acid 
Propionic acid 
Stearic acid 
Steroid hormones 
Testosterone 
Toluene 



APPENDIX 3 

4 T R ~ ~ ~ ~ I O N  OF ISOTOPES FROM ISOTOPES DIVISION 
OA4K RIDGE, TESN. 131 - 

i I Sumber of shipments I Total to 
Jan. 1 to July 1 to 
June30, 1 l k c .  31, 

1947 I 1,917 

Jan. 1 to  
June 30, 

1918 
July 1 t o  i "ec.,"', 

I 
48i  1,291 
4w 992 

97 262 
106 257 
78 156 
25 80 
27 64 
8 20 
4 1  4 

319 397 
202 306 

47 91 
65 59 
33 29 
18 33 
7 26 

2 8 .  
_________... ._..------. 

699 953 1,238 I 3,136 

98 "2 
24 81 
16 51 
14 21 

5 
1 2 

153 362 

I 

_ _ _ _ _ - _ _ _ - - -  

27 1 c m  
i t  
45 
19 
7 
5 

1,007 
1,017 

222 

422 
454 
67 
64 
17 
15 
15 
14 
10 
10 
10 
140 

145 
86 
E5 
61 
60 
47 
46 
22 
356 

I 
t 
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___ 
Shipments classified by 

State, Territory. and for- 

UNITED STATES ATOMIC ENERGY COMMISSIOf 

Radio- St3ble 
active -_- 

Total number of 
s h i p m e n t s  t o  
June 30,1948 

I-- 

I 1 

i -- I------- --- 

12 
2 
1 

9 
11 

106 
10 
12 

103 
60 

34 --- -____._ 

5 ----___ --. -- - 
Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 3,136 1 x2 

---==== 
Shipments classified by State, 

Territory. and foreign corn- 
2. Uni 

V@ 

I 

3. Uni- 
F; 

4. Uni. 
A: 

6. Cali: 
tic 

7. Chi1 
ge 

8. Ced: 
Lc 



APPENDIX 4 

C S ~ ~ ~  O F  ISOTOPES BY STATE, IKSTITCTION, AKD 
DEPARTMENT 

RADIOACTIVE ISOTOPES 

( Ju ly  I ,  2946, ti7 J u m  30,29&) 

@B44”4 . southern Research Institute, 

(1) Biochemistry 
2. University of Alabama, Uni- 

(1) Bio loa  

Birmingham 

versity 

-SAS 
1. Robert L. Dortch, Seed Farm, 

Scott 
(1) Agronomy 

@IFORNU 
1. Birmingham Veterans’ Admin- 

istration Hospital, Van Nuys 

2. University of California, Berke- 
(1) Radioisotopes 

(1) Anatomy 
(2) Biochemistry 
(3) Engineering 
(4) Physiology 
( 5 )  Chemistry 
(6) Plant Nutrition 
(7) Physics 
( 8 )  Medical Physics, Don- 

ner Laboratory 
(9) Soils 
(10 Soil Microbiology 
(11 ) Veterinary Science 

3. University of California, San 

ley 

Francisco 
(1) Medicine 
(2) Pharmacology 
(3) Radiology 

4. University of California, Los 

(1) Chemistry , 
(2) Medicine 
(3) Plant  Physiology 

5. University of California, River- 

Angeles 

side 
(1) Soils and Plant  Nutri- 

tion 
6. California Research Corpora- 

tion, Richmond 

geles 

Los Angeles 

(1) Process Research 
7. Children’s Hospital, LOS An- 

8. Cedars of Lebanon Hospital, 
(1) Medicine 

(1) Research Laboratory 
(2) Medicine 

>ALIFORNIA-Continued 
9. Los Angeles County Hospital, 

Los Angeles 
(1) Main Laboratory 
(2)  Pathology 

10. Los Angeles Tumor Institute, 
Los Angeles 

(1) Pathology 
11. Navy Medical Research Unit 

#1, Berkeley 
(1 ) Bacteriology 

12. Santa Barbara Cottage Hospi- 
tal, Santa Barbara 

(1) Radiology 
13. Shell Development Company, 

Emeryville 
(1) Physics 

14. University of Southern Califor- 
nia, Los Angeles 
(1) Chemistry 
(2) Zoology 

15. University of Southern Califor- 
nia, College of Medicine, Lo8 
Angeles 

(1) Biochemistry 
16. Stanford Pniversity, Palo Alto, 

(1) Chemistry 
17. Stanford University Hospital, 

San Francisco 
(1) Radiology 

18. Union Oil Company of Cali- 
fornia, Wilmington 

(1) Research 
19. Wadsworth General Hospital, _. . 

Los Angeles 
20. California Insti tute of Tech- ~ 

nology, Pasadena 
(1) Biochemistry 
(2) Biology 
(3) Chemistw 
(4) Physics 

21. U. S. Department of Agriculture, 

(1) Agricultural and In- 
dustrial Chemistry 

22. Weather Bureau, Soda Springs 
(1) Snow Research Lab- 

oratory 

1. American Cyanamid Company 
Stamford Laboratories, Stam- 
ford 

Albany 

CONNECTICUT 

(1) Chemistry 
( 2 )  Physics 

157 
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UASSACHUSETTS-Continued 
12. Massachusetts Institute of 

Technology, Cambridge 
(1) Biochemistry 
(2)  Chemistry 
(3) Mechanical Engineer- 

ing 
(4)  Metallurgy 
(5) Physics 

(1) Medicine 

13. Massachusetts Memorial Hos- 
pital, Boston 

pital, Boston 

Boston 

Hospital, Boston 

14. New England Deaconess Hos- 

15. Peter Bent Brigham Hospital, 

(1) Medicine 
16. Joseph H. Pratt Diagnostic 

(1) Medicine 
17. Raytheon Manufacturing Com- 

(1) Special Tube Section 
18. Sylvania Electrical Products, 

(I) Engineering 
19. Tracerlab, Inc.. Boston 
20. Tufts College, Boston 

(1) Dental School 
21. Worcester Foundation for Es- 

perimental Biology, Shrews- 
bury 

pany, Kewton 

Inc., Salem 

( 1 ) Physiology 
MICHIGAN 

1. Detroit Edison Company, D e  

2. Detroit Institute of Cancer Re. 

3. Dow Chemical Company, Mid- 

(1) Spectroscopy Labora. 
tory 

4. Ford Motor Company, Dear. 

(1) Chemical and Metal, 

5. Harper Hospital, Detroit 
(1) Radiology 

6. Industrial Health Conservancj 

7. University of Michigan, Anx 

(1) Physics 
(2) Roentgenology 

8. University of Michigan Medi 
cal School, Ann Arbor 

(1) Medicine 
9. Parke, Davis and Company 

Detroit 
( 1 ) Pharmacology 

10. Wayne University, Detroit 
(1) Surgery 

11. Western Michigan College o 
Education. Kalamazoo 

troit 

search, Detroit 

land 

born 

lurgical Research 

Laboratories, Detroit 

Arbor 

[INNESOTA 
1. Central Research Laboratories 

Inc., Red Wing 
(1) P h p i c s  

2. Mayo Foundation, Rochester 
(1 ) Medicine 

3. UniversitF of Illinnesota, hl. 

( 1 ) Biophysics 
(2)  Botany 
(3) Chemistry 
(4 1 Medicine 

in. ne a po 1 is 

( 5 j Physiological 
istrs 

(6) Physics 
(7) Physiology 

4. University of Minnesota bled- 
ical School, Minneapolis 

5. University of Minnesota B ~ ~ -  
pital, hlinneapolis 

(1) Radiation LaboratorS 
[ISSOURI 

1. Barnard Free Skin and Cancer 
Hospital, St. Louis 

2. Mallinckrodt Institute of Radi- 
ology, St. Louis 

(1) Radiology 
3. St. Louis University, St. ~~~i~ 

(1) Anatomy 
(2)  Biochemistry 

4. Washington University, St, 

(1) Chemistry 
(2) Physics 

5. Washington University School 
of Medicine, St. Louis 
(1) Anatomy 
(2 ( Biochemistry 
(3) Medicine 
(4) Radiology 
( 5 )  Surgery 

School, Omaha 

Louis 

JEBRASKA 
1. University of Nebraska Medical 

(1) Radiology 
JEW JERSEY 

1. Allied Chemical and Dye Cor- 

2. Bell Telephone Laboratories, 
poration, Morristown 

Blurray Hill 
(1) Chemistry 
(2) Dept. 1150 
(3) Physical Research 

3. General Foods Corporation, 
Central Laboratories, Ho- 
boken 

(1) Biophysics Section 
4. Johnson and Johnson Research 

Foundation, New Brunswick 
5. hlerck and Company, Inc., Rah- 

way 
(1) Physical Measurements 

6. Ortho Research Foundation, 

(1) Biochemistry 

Laboratory 

Raritan 

i i 

10. RU , 

11. so 
3 

12. Stc 
1 

13. 

2. Br 
I 

3. Ca 

4. c o  
( 

5. eo: 
( 

6. Co: 
f 
r 

7. 0: 

8. CO? 
1 

9. Di 
I 

10. Ea 
3 
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' ' ton (1) Physics 
8. c. A. Laboratories, Princeton 

(1) Tube Research 
9. Rockefeller Institute for Bled- 

ical Research, Princeton 
(1) Animal and Plant 

f 2 1 General Physiology 
Pathology 

\-I 

Rutgers University, New Bruns- 
wick 
(1) Chemistry 
(2) Soils 

11, Socony Vacuum Oil Company, 
Inc., Paulsboro 

(1) Research and Develop- 
men t 

a. Stevens Institute of TechnologF, 
Eoboken 

(1) Physics 

(1) Physical Research 
13. u. S. Rubber Company, Passaic 

>%W 
1. Bellevue Hospital, New Yorb 

(1) Psychiatric Division 
2. Brooklyn C a n c e r Institute 

(1) Radium Therapy 
3. Canisius College, Buffalo 

(1) Chemistry 
4. Columbia University, Barnarc 

College, New Pork City 
(1) Zoology 

5. Columbia University, New Yorh 
City 

(1) Biochemistry 
(2) Chemistry 
(3) Pharmacology 
(4) Radiation 

6. Columbia University, College 01 
Physicians and Surgeons 
New Pork City 

City 

Brooklyn 

(1) Biochemistry 
( 2 )  Neurology 
(3) Radiology 

7. Cornell University, Ithaca 
(1) Agronomy 
(2 ) Animal Husbandry 
(3) Chemistry 
(4)  Laboratory of Nuclea. 

Studies 
8. Cornell University Medical Col 

lege, New Pork City 
(1) Biochemistry 
(2) Pediatrics 

9. Distillation Products, Inc 

(1) Biochemistry 
10. Eastman Kodak Cornpang 

Rochester 

Rochester 
(1) Photographic Theory 

:EllT YORE -Continued 
11. General Electric ComPanY, 

(1) General Engineering 
Laboratory 

(2)  High Frequency Labo- 
ratory 

12. Harlem Hospital, New Pork 

(1) Radiation Therapy 
13. Memorial Hospital, New Pork 

(1) Medicine 
(2) Experimental Therapy 
(3) Urology 

14. Montefiore Hospital, New Pork 

(1) Medical Physics 
(2) Laboratory Division 

15. Mount Sinai Hospital, New 

(1) Physics 
(2) Physiology and Hema- 

tology 
16. New Pork Medical College, New 

Pork City 
(1) Metropolitan Hospital 

17. New Pork Skin and Cancer 
Unit, New Pork City 

(1) Physical Therapy 
18. New Pork University, New Pork 

City 
(1) Chemistry 

19. New Pork University College of 
Medicine, New Pork City 

(1) Chemistry 
(2) Medicine 
(3) Psychiatric Division 

Schenectady 

City 

City 

City 

Pork City 

20. Peck Memorial Hospital, Brook- 

21. Polytechnic Institute of Brook- 

22. Public Health Research Insti- 

lyn 

lyn, Brooklyn 
(1) Chemistry 

tute, New Pork City 
(1) Nutrition 
( 2 ) Physiology 

(1) Chemistry 

(1) Chemistry 
( 2 )  Physics 

23. Queens College, Flushing 

24. Rensselaer Polytechnic Insti- 
tute, Troy 

25. University of Rochester, School 
of Medicine and Dentistry, 
Rochester 

(1) Biochemistry 

26. Rockefeller Foundation, New 

(1) International Health 
Division Laborato- 
ries 

27. Sloan-Kettering Insti tute of 
Cancer Research, New Pork 
City 

(2) Radiology 

Pork City 

(1) Physics 
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XEW TORK-Continued 
28. Strong Memorial Hospital, 

(1) Radiology 
29. Sun C’hemical Corporation, New 

Pork City 
(1) Physical Chemistry 

30. The Texas Company, New York 
City 

(1) Research 
31. United States Public Health 

Service, New Pork City 
(1) Tuberculosis Control 

32. U. S. Marine Hospital, Staten 

(1) Venereal Disease Re- 

Rochester 

Island 

search 
33. U. S. Veterans’ Hospital, Bronx _ _  - 

(1) Radiotherapy 
NORTH CAROLIXA 

1. Bowman Gray School of Med- 
icine, Winston-Salem 
(1) BiochemistrF 

2. Unirersi ty  of North Carolina, 

(1) Agriculture 
3. University of North Carolina, 

(1) Physics 

Raleigh 

Chapel Hill 

OHIO 
1. Air Material Command, Wright 

Field, Dayton 
(1) Equipment Laboratory 

2. Antioch College, Yellow Springe 
(1) Physics 

3. Batelle Memorial Institute, Co 
lumbus 

(1) Physics 
4. Case School of Applied Science 

Clereland 
(1) Physics 

5. Cleveland Clinic Foundation 
Cleveland 

(1) Research Division 
6. Crile General Hospital, Cleve 

land 
(1) Radiology Service 

7. university of Cincinnati, Cin 
cinnati 

(1) Chemistry 
8. University of Cincinnati, Col 

lege of Medicine, Cincinnat 
(1) Medicine 
(2)  Gastric Laboratory 

9. B. F. Goodrich Company, Akror 
(1 ) Physical Research 

10. Goodyear Tire and  Rubbei 
Company, Akron 

(1) Physical Research 
11. Monsanto Chemical Company 

Dayton 
(1) Physical Chemistry 

12. National Advisory Committec 
for Aeronautics, Cleveland 

(1) Flight Propulsion Re 

c 

)HIO---Continued 
13. Ohio Agricultural Eqerimebt 

Station, Wooster 
(1) Agronomy 
(2 ) Plant  Phssioloa 

14. Ohio State University, uru. bus 
(1) Bacteriology 
( 2 1 Biochemistry 
(3)  Chemistry 
( 4 )  Medicine 
(5) Physics 
(6) Surgical Research 

15. Victoreen Instrument Companp 
Clereland I 

16. Western Reserve Universits, 
School of Medicine, Cleveland 

(1 ) Biochemistry 
(2) Medicine 
(3)  Radiology 

3KLAEIOMA 
1. Phillips Petroleum Company, 

Bartlesville 
(1) Research 

1. University of Oregon, Eugene 
(1) Physics 

2. University of Oregon Medical 
School, Portland 

(1) Experimental &ji. 
cine 

(2)  Thoracic Surgery 
3. Oregon State College, Corrallb 

(1) Chemistry 
4. Reed College, Portland 

(1) ChemistrF 

1. Bartol Research Foundation, 

2. Carnegie Institute of Technol. 

3REGON 

PENN8YLVANJ.A 

Swarthmore 

ology, Pittsburgh 
(1) Metals Research 
(2) Physics 

3. General Aniline Film Corpora- 

(1) Central Research Lab- 
oratory 

4. Gulf Research and Develop 
ment Company, Pittsburgh 

(1) Physics 
5. Houdry Process Corporation of 

Pennsylvania, Marcus Hook 
(1) Fundamental Research 

6. Jefferson Medical College, 
Philadelphia 

(1) Biochemistry 
(2)  Hematology 

7. Jefferson Hospital, Philadelphia 
(1) Hematology 

8. Jewish Hospital, Philadelphia 

(2)  Radiology 
9. Lankenau Hospital, Philadel- 

(1) Metabolic ChemistrF 
10. Lehigh University, Bethlehem 

(1) Chemistry 

tion, Easton 

(1) X-mY 

phia 

12. lJn 
I 

19. WYC 

TENNE s S€ 
1. Fa i  

C 

2. Me1 
V 

3. Uni 
P 

4. Uni 
v 

5. Var 
V 

6. Var n 

TEXAS 
1. Air 

t! 
F 
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pF33-Z ,mvA.XfA-Continued 

Research, Pittsburgh 

Philadelphia 

ll. BIellon Institute of Industrial 

12. university of Pennsylvania, 
-~ 

(1) Botany 
(2)  Physics 

13, university of Pennsylvania 
school of Medicine, Philadel- 

phia 
(1) Clinical Neurology 
(2) Pharmacolon 
(3) Physiological Chemis- 

try 
(4) Radiology 

14. philadelphia General Hospital, 

(1) Radiology 
15. University of Pittsburgh, Pitts- 

(1) Physics 
(2) Biological Sciences 
(3) Radiation Laborato- 

16. publieker Industries, Inc., Phil- 
adelphia 

(1) Chemical Research 
17. Temple University Hospital, 

Philadelphia 
(1) Radiology 

18. Westinghouse Research Labora- 
tories, East Pittsburgh 

(1 ) Magnetism 
(2) Metallurgical and Ce- 

ramics 

(1) Penicillin Division 

Philadelphia 

burgh 

ries 

19. Wyeth Inc., West Chester 

T ~ N E S S E E  
1. Fairchild Engine and Airplane 

Corporation, Oak Ridge 
(1) NEPA Division 

2. Meharry Medical College, Nash- 
ville 

( 1) Biochemistry 
(2) Cancer Research 
(3 1 Radiobiology 

3. University of Tennessee, Mein- 

( 1) Chemistry 
(2 ) Physiology 

4. UnirersitF of Tennessee, Krzos- 

(1) Agricultural Experi- 
ment Station 

5. VanderbiIt Unirersity, Nash- 

6. Vanderbilt University School of 

phis 

ville 

ville 
(1) Physics 

Medicine, Nashville 
(1 1 Biochemistry 
(2) Pathology 

TEXAS 
1. Air University School of Avia- 

tion Medicine, Randolph 
Field 

( I ) Biophysics 

TEX.4S-Continued 
2. Baplor University HospitaI, 

Dallas 
3. Industrial Radiography Labora- 

tory, Beaumont 
4. Maxfield X-Ray and Radium 

Clinic, Dallas 
5. Rice Institute, Honston 

(1) Physics 
6. Southwestern Medical College, 

7. Texas Radiation and Tumor In- 

8. University of Texas, Austin 
(1) Botany and Bacteriol- 

ogy 
(2) Chemistry 

9. University of Texas Medical 
School,- Galveston 

(1) Physiology 
(2) Medical Phxsics 

1. American Smelting and Refin- 
ing Company, Salt  Lake City 

( 1 ) Agricultural Research 
2. University of Utah, Salt Lake 

City 
(1) Physiology 

3. University of Utah Medical 
School, Salt  Lake City 

( 1) Biochemistry 
(2) Medicine 

Dallas 

stitute, Dallas 

UTAH 

VERMONT 
1. University of Vermont College 

of Medicine, Burlington 

1. Medical College of Virginia, 

(1) Biochemistry 
VIRGINIA 

Richmond 
(1) Oncology 
(2) Surglcal Research 

2. University of Virginia, Char- 

( 1) Pharmacology 
(2) Physics 

1. The  Mason Clinic, Seattle 
(1) Radiology 

2. University of Washington 

(1) Anatomy 
(2) Chemistry 

(1) Botany 

tion, Janesville 

son 

lot tesville 

WASHINGTON 

School of Medicine, Seattle 

3. Washington State College, Pull- 
man 

WISCONSIN 
1. Gibbs Manufacturing Corpora- 

2. University of Wisconsin, Xadi- 

(1) Biochemistry 
(2) Chemistry 

cal School, Madison 
(1) Biochemistry 
(2) Medicine 

3. University of Wisconsin Medi- 

i 
i 
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STABLE ISOTOPES 

( M a y  1,1947 to June 30, I9@) 

CALIFORKIA 
1. Union Oil Company, Kilming- 

(1) Research 
2. UniTersity of California, Berke- 

(1) Medical Physics 
(2)  Poultry Husbandry 
(3) Radiation Laboratory 

3. University of California, U s  

ton 

ley 

Angeles 
(1) Chemistry 
(2) Physics 

4. University of Southern Cali- 
fornia, Los Angeles 

(1) Biochemistry 
5. California Institute of Technol- 

ogy, Pasadena 
(1) Physics 
(2) Kellogg Radiation 

6. Consolidated Engineering Cor. 

7. Nmtional Technical Laborato- 

8. Shell Development Company 

9. Stanford University, Palo Altc 

Laboratory 

poration, Pasadena 

ries, South Pasadena 

Emeryville 
(1) Physics 

(1) Chemistry 
(2) Physics 

10. Stuar t  Oxygen Company, Sax 

(1) Heavy Water Depart 
ment 

1. University of Colorado, Bouldei 

1. University of Connecticut 

2. Yale University, New Haven 

Francisco 

COLORADO 

(1) Chemistry 
CONKECTIGUT 

Storrs 
(1) Chemistry 

(1) Chemistry 
(2) Botany and Microbi 

ology 
(3) Physiological Chemis 

t ry  
(4 )  Physics 

icine, Kew Haven 

Foundation, Newark 

3. Yale University School of Xed 

1. The Biochemical Researcl 
DELAWARE 

(1) Physics 
DISTRICT OF COLUMBIA 

1. Carnegic Institution of Wasl: 
ington, Washington 

(1) Biophysics 

)ISTRICT OF COLUNBIA-Con. 
2. Naval Research Laboratory 

Washington 9 

(1) Sound Division, Crys. 
tal Section 

3. h’ational Bureau Of Standards 
U. S. Department of corn: 
merce, Washington 

(1) Mass Spectrometry 
4. R’ational Research Council, 

Washington 
(1) hledical Sciences 

3EORGIA 
1. Emory University, Emory uni- 

versity 
( 1) Physics 

:LLIR’oIs 
1. Armour Research Foundation, 

2. Bradley University, Peoria 
(1) Chemistry 

3. University of Chicago, Chicago 
(1) Chemistry 
(2)  Biochemistry 
(3) Nuclear Studies 
(4) Physics 

4. University of Illinois, Urbana 
(1) Chemistry 
(2) Physics 

5. Illinois Institute of Technologg, 

(1) Physics 
6. Northwestern University, fi- 

(1) Chemistry 

Chicago 

Chicago 

anston 

INDIANA 
1. Eli Lilly and Company, Indian- 

(1) Chemistry 
2. Indiana University, Blooming- 

(1) Physics 
3. University of Notre Dame, Notre 

(1) Physics 
4. Purdue University, Lafayette 

(1) Physics 
5. Sinclair Refiing Company, 

East Chicago 
(1) Research and Develop 

ment 
6. Standard Oil Company, Whiting 

(1) Research 

I. State University of Iowa, Iowa 

apolis 

ton 

Dame 

IOWA 

City 
(1) Physics 

1. University of Kansas, 
KANSAS 

rence 
(1) Chemistry 

& o U I s ~ -  I. 

I 0. TI 

3. Ti 

1. A1- 
gfiYb4: 

2. Jo 

3. Jo: 
1 

4. Na 
3 

m S S A C H  
1. Ha 

2. Ha 

3. Ma 
!I 

4. Me 
5. Nai 

MICHIGAT 
1. DO 

1 

( 

2. Unl 
L 

3. hlic 
s 

4. Upj 

MIN~TEso!I 
1. Uni 

L 
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h-con. 
Labor ator-, 

vision, Crys, 
ion 
If Standards, 
2nt of Corn- 
:on 
ctrometry 
ch Council, 

3ciences 

Emory Uni- 

Foundation, 

Y, Peoria 

:ago, Chicago 

;tudies 

)is, Urbana 

J 

7 
:try 

, 

€ Technology, 

pany, Indian- 

7 
y, Blooming- 

? Dame, Notre 

, Lafayette 

; Company, 

and  Develop 

)any, Whiting 

f Iowa, Iowa 

ansas, Law- 

U N A  
Louisiana state University, 

mlane  Medical School, New 

Baton Rouge 
(1) Chemistry 

Orleans L. - 
( 1 ) Xedicine 

(1) Physics 
3, Tulane Unirersity, New Odeans 

JrfifLARrD 1. Army Chemical Center, Chemi- 

(1) Research and Develop- 
cal Corps, Frederick 

ment. 
L 9. Johns Hopkins University, Bal- 

timore 
(1) Chemistry 
(2)  Physics 

2. Johns Kopkins University, Sil- -. 
ver Spring 

(1) Applied Physics Lab- 
oratory 

4. National Institute of Health, 
Bethesda 
(1) Physiology 

IUSSACHUSETTS 
1. Harvard University, Cambridge 

2. Harvard Medical School, Bos- 

(1) Chemistry 
(2) Physics 

ton 
(1) Biochemistry 
( 2 )  Surgery 

Technology, Cambridge 
(1) Chemistry 
(2)  Physics 
(3) Electronics 
( 4 )  Food Technology 
( 5 ) Spectroscopy Labora- 

tory 
4. Metal Hydrides, Inc., Beverly. 
5. National Research Corporation, 

3. Massachusetts Institute of 

Cambridge 
HIICHIGAN 

1. Dow Chemical Company, Nid- 

(1 ) Spectroscopy Labora- 

2. University of Michigan, Ann 

3. Xichigan State College, Lan- 

land 

tory 

Arbor 
(1) Physics 

(1) Chemistry 
( 2 )  Physics 

1 ) Research 

sing 

4. Upjohn Company, Kalamazoo 

UKNESOTA 
1. University of Ninnesota, hlin- 

neapolis 
(1) Botany 
(2)  Physics 
(3)  University Farm 

311 SSOGRI 
1. Washington University, St. 

Louis 
( 1  ) Chemistry 
( 3 )  Physics 

of Medicine, St. Louis 
2. Washington Unirersity School 

1. Montana. State University, Nis- 
AI0 STAh’A 

soula 
(1) Physics 

Inc,, Murray Hill 

KEW JERSEY 
1. Bell Telephone Laboratories, 

2. Merck and Companr, Inc., Rah- 
way 
(1) Physical and  Inor- . .  

ganic Research 

ment Laboratory 
(2) Research and Develop- 

3. Princeton University, Princeton 
(1) Physics 

4. Rutgers UniversitF, New Bruns- 
wick 
(1) Physics 

5. Vickers, Inc., Red Bank 
(1) Otto Saslaw Labora- 

1. College of the Cits of New Tork, 

2. Columbia University, New 

(1) Biochemistry 
(2)  Chemistry 
(3) Physics 

3. Cornell University, I thaca 
(1) Chemistry 
(2) Nuclear Studies 

4. Cornell University Medical 
School, New Pork City 

(1) Biochemistry 
5. General Electric Company, 

Schenectady 
(1) Research 

6. New Pork State Psychiatric In- 
stitute, New Pork City 

(1) Biochemistry 
7. New Pork University, New 

Tork City 
(1 ) Experimental Surgery 
(2) Physics 

8. New Pork University College of 

9. Queens College, Flushing 

tory 
h’lPX PORK 

New York City 

Pork City 

Medicine, New Pork City 

(1) Chemistry 

(1) Chemistry 
(2) Physics 

10. University of Rochester, 
Rochester 

11. Sloan-Kettering Institute for  
Cancer Research. New Pork 
City 

12. Syracuse University. Syracuse - .  - 
(1) Physics 

City 
13. The Texas Company, New Pork 
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NORTH CAROLINA 
1. Duke University, Durham 

’ (1) Chemistry 
OHIO 

1. Battelle Memorial Institute, Co- 

(1) Fuels Division 
2. B. F. Goodrich Company, Akron 
3. Brush Development Company, 

4. Monsanto Chemical Company, 

5. Ohio State University, Colum- 

6. Western Reserve University, 

lumbus 

Cleveland 
(1) Crystal Research 

(1) Central Research 
Dayton 

bus 

Cleveland 

(1) Physics 

(1) Biochemistry 
OKLAHOMA 

1. University of Oklahoma, Nor- 

2. Phillips Petroleum Company, 

man 

Bartlesville 

(1) Physics 

PENNSYLVANIA 
1. Allied Chemical and Dye Cor- 

poration, Barrett Division, 
Philadelphia 

2. Bartol Research Foundation, 
S wa r thmo re 

3. Gulf Research and Develop 
ment Company, Pittsburgh 

4. Jefferson Medical College, Phil- 
adelphia 

5. Lehigh University, Bethlehem 

6. Mellon Institute, Pittsburgh 
7. Pennsylvania State College, 

8. University of Pennsylvania, 

(1) Physics 

(1) Biochemistry 

(1) Physics 

State College 

Philadelphia 

(1) Chemistry 

(1) Physics 

PEK;?r’STLVASIA%-Cont inued 
9. University of Pittsburgh, pitts. 

burgh 
(i) X-Ray Laboratory 
(3) Engineering 
(3) Physics 

IO. ~res&teria;l Hospital, phila. 
delDhia 

11. Sun dil Company, Marcus B~~~ 
12. Temple University Hospital 

Philadelphia > 
(1) Obstetrics and G~~~ 

cologs 
13. U. S. Bureau -df Mines, Pitts. 

burgh 
(1) Chemistry 

14. Westinghouse Electric C o w r ,  
tion, Pittsburgh 
(1 ) Research Laboratories 

15. Westinghouse Research Laborn. 
tories, East Pittsburgh 

1. Baylor University Hospitq 
Dallas 

( 1 ) Biophysics 
2. Humble Oil and Refining Corn. 

pang, Baytown 
(1) Research and Develop 

men t 
3. Rice Institute, Houston 

(1) Physics 
4. Southwestern Medical College, 

(1) Medicine 
5. University of Texas, Austin 

(1) Chemistry 
(2) Medical Branch 
(3) Physics 

TEXAS 

Dallas 

UTAH 
1. University of Utah School of 

Medicine, Salt Lake City 

1. University of Virginia, Char- 
lottesvilld 

VIRGINIA 

(1) Physics 
WISCONSIN 

1. University of Wisconsin, Mad- 

(1) Agricultural Bacteri- 
ology 

(2) Chemistry 
(3) Physics 

ison 

6 ‘Accumula t 
Fission 
J., Svihle, 

ILBssessmen- 
Hoffman, 

gidcute Rad: 
Administl 
P. C. MI; 
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and Glinic 

“Acute Rad 
vival”, Ar 

“Acute Rad 
“Acute Tos  
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APPENDIX 5 

BIBLIOGR~~PHY ON ISOTOPE UTILIZATION 

This bf ‘b7iography contains a partial Z&f of scientific papem 
Ii,hed during .19~46,1947, and 19-48 as the r e d t  of research work with 

The papers listed are those that  have coine to  the attention. 
jso t opes. 
o f l v ~ ~ ~  reports (recently changed to  BE D )  represent unclassified 

dpcl&fied Tepmts prepared and issued b y  the Manhattan Dktrkt 
ard the Atomic Energy  Comrnisshn. Jfany of these documents are 

Pde at ihe Atomic Energy  Commission, Docunnent Sales Agency,  
Tennessee, or mtay also be obtained through the Ofice of im 

Eidge, 
rt7chRipaZ Se?.vices, Department of Commerce. Price lists of dam- 
merits f or sal& to the public m y  be obtained o n  request from: 

Isotopes Division of the A tomic  Ewr  Commission. P 

TJ. S. A T o B n C  ENERGY &&fMISSION 
DOCUMENT SALES AGENCY 
p. 0. Box 62 
OAE RIDGE, TEES. 

BIOLWIOAL AND MEDICAL RESEARCH 

ANIXAL PHYSIOLQUY 

PART I MDDC AND AECD REPORTS 

alAmumulation and Distribution of Radioactive Strontium, Barium, Lanthanum, 
Fission Mixture and Sodium in Goldfish”, Prosser, C. L., Pervinsek, W., Arnold, 
J., Svihle, G., and Tompkins, P. C. MDDC 496. 

aagssessment of Gamma Radiation Dosage by Means of Radioisotopes in  Mockups”, 
Hoffman, J. C. MDDC 1590. 

“Licute Radiotoxicity of (Ba-La) 140 in Rats and Mice. Par t  I. Preparation and 
Administration of the Emitters”, Finkle, R. D., Snyder, R. H., and Tompkins, 
P. C. MDDC 1248. 

*‘Acute Radiotoxicity of (Ba-La) 140 in Rats and Mice. Part IV. Lethal Action 
and Clinical Symptoms”, Finkle, R D., Snyder, R. H., Kisieleski. MDDC 1207. 

i6.4cute Radiotoxicity of Injected P 32 in Mice. Pai-t I. Metabolism and Sur- 
vival”, Anthony, D. S., and Snyder, R. H. MDDC 881. 

“ticute Radiotoxicity of Injected Yttrium 91”, Anthony, D. S. MDDC B4.O. 
“Acute Toxicity of Inhaled 275 day Ge 144”, Seibert, H. C., and Abrams, R. 

HDDC 329. 
“Additivity of Lethal Effects of External Beta and Gamma Irradiation”, Raper, 

J. R., and Barnes, K. K. MDDC 1681. 
“Administration of Radioactive Materials to Animals by Tracheal-Intubation”. 

Seibert, H. C. MDDC 268. 
“Biological Effects of Pile Radiation”, Henshaw, P. S., Riley, E. F., and Stapleton, 

G. E. UDDC 259. 
“Biologic Effects of Long-Continued Whole Body Irradiation with Gamma Rays 
on Mice, Guinea Pigs, and Rabbits. Part I”, Lorenz, E., and Heston, W. E. 
NDDC 633. 

“Biologic Effects of Long-Continued Whole Body Irradiation with Gamma Rays 
on Alice, Guinea Pigs, and Rabbits. Part II”, Lorenz, E. MDDC 654. 

“Biologic Effects of Long-Continued Whole Body Irradiation with Gamma Rays 
on Mice, Guinea Pigs, and Rabbits. Part III”, Lorenz, E., et al. MDDC 655. 

“Biologic Efr’ects of Long-Continued Whole Body Irradiation with Gamma Rays 
on Mice, Guinea Pigs, and Rabbits. Part VI”, Lorenz, E. MDDC 656. 
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168 UNITED STATES ATOMIC ENERGY COMh4ISSION T 
“Ca 45 ; Production from Scandium in the Pile, Radiation Characteristics, and 

Preparation in Carrier-Free Form”, Khyn, J. S., Tompkins, P. C., Cohn, w. E. 
UDDC 1214. 

“Comparatire Lethal Effects of External Beta Irradiation”, Raper, J. R. Zirkle, 
R. E., Barnes, K. K. 3fDDC 439. 

I)Dl 
“Deposition of Kadioactire Rletals in Bone as a Potential Health Hazard”, 

D. H., Axelrod, D. J., and Hamilton, J. G. MDDC 455. 
“Effect of Clay on the Intestinal Absorption of Strontium”, Curtis, H. J. ilfBoc 

419. 
“Effects of Radiation Exposure on the Cells of the Peripheral Blood’, Mar., 

E. K. MDDC 912. 
“Handling of Radioactire Materials in the Experimental Biology Section”, Broido, 

A., Tompkins, P. C., Teresi, J. D. dIDUC 577. 
“Induction of Mutations in Parun2ecium AzcreZia by Beta Radiation”, Himball, 

R. F. MDDC 1550. 
“Netabolism of Carrier-Free Radioactive Silyer in the Rat,” Scott, K. G. @ ~ ~ c  
1778. 

“Metabolism of Fission Products (Radio-Cerium, 1:adio-Strontium, and &con- 
tamination Studies)”, Hamilton, J. G .  31DDC 1000. 

“Metabolism of Fission Products ( Radio-Zirconium, Radio-Yttrium, Radio-Cerim 
and Decontamination Studies) ”, Hamilton, J. G. MDDC 1001. 

“Metabolism of Inhaled Fission Product Aerosals”, Seibert, H., Potts, A. 31 
+.’ Lohr, W., Postel, J. blDDC 248. 

“Metabolism of Phosphorus in Pharamecium AureEia, Powers, E. L., Jr. 3 I l ) ~ c  
1606. 

“Note on the Deposition of C 14 in Bone”, Bloom, W., Curtis, H. J., McLean, F. c, 
JfDDC 516. 

“Preparation of Fission Products for Use in Experimental Biology Section**, 
Broido, A. MDDC 1244. 

“Programs in Toxicity and Metabolism of Commonly Used Isotopes”, Brues, A. M. 
bfDDC 1601. 

“Quantitative Determination of C 14 Actil-ity in Biological Systems by Direct 
Plating”, Hogness, J. R., Roth, L. J., Leifer, E., Langham, W. AHGU 1845. 

“Radiotoxicity of Inhaled or Ingested Radioactire Products”, Cohn, W. E. MDDC 
1656. 

“Radiotoxicity of Injected Sr 89 for  Rats, Mice, and Rabbits. Part I. Introduc- 
tion : Methods”, Anthony, D., Lathrop, K., and Finkle, R. MDDC 25.40. 

“Research Program-Biology and Medicine”, Brues, A. 11. MDDC 191. 
“Studies on the Metabolism of Radioactive Nicotinic Acid”, Roth, L. J., Leifer, 

E., and Langham, W. X D D C  1534. 
“Summary of Iodine Physiology and Metabolic Studies Using Radioactive ISO- 

topes of Iodine”, Hamilton. J. G. MDDC 1060. 
‘‘,Summary of Metabolism of Carrier-Free Fission Products in the  Rat”, Hamilton, 

J. G. MDDC 1003. 
“Technical Progress Report on the Metabolic Studies of Fission Products”, Ham- 

ilton, J. G .  MDDC 1062. 
“Tolerance Concentrations of Radioactive Substances”, Morgan, K. Z. MDDC 

240. 
“Tracer Studies with Inhaled Eight-Day Iodine”, Dailey, M., Wen der, I., Abrams, 

R. NDDC 251. 
“Transmission of Radio-Strontium and Phitonium from Mother to Offspring in 

Laboratory Animals”, Finkle, M. F. HDDC 750. 
“Utilization of Nicotinic Acid and Its Amide by the Human Erythrocyte i n  

‘Vitro”, Leifer, E., Hogness, J. R., Roth, L. J., and Langham, W. HDDC 2680. 

5 

PART II. GENERAL REFERENCES 

“On the Absorption of Phospholipides”, Artom, C., and Smanson, 35. A. Federa- 
tion o f  AmwicmL societies for  Expwimmtal Biologv, Federation Proceedings 
7 .  No. 1 (1945). 

“Action of Choline and Fat on Lipide Phosphorylation in the Liver”, Artom, C., 
and Cornatzer, 11’. E. Joitmtal o f  Biological Chemist?*?/ 171, 779 (1947). 

“Action of Ethanolamine, Monomethyl- and Dimethyl-Ethanolamine on Lipide 
Phosphorylation”, Artom. C., and Cornatzer, W. E. Federation of Ameriwn 
Societies f o r  EzperimentnT Biologp, Pedrrution Proceedings 7, No. 1 (194s). 

“Alpha-Aminoadipic Acid : &4 Product of Lysine Metabolism”, Borsook, H., Deas!: 
C. L., Haagen-Smit, A. J., Keiehley, G., and Lowy, P. H. JoztraZ of BioEogid 
Chmzistrg 173, No. 1, 423 (1948). 
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n a c e r  Studies and Histologic Observations in Anaphylactic Shock in  tl,c nen Guinea pig”, Warren, S., and Dixon, F. J. Ammi-can Journal of  Medical 

ccirnces ( lication of the Radioactire Red Cell Method for Determination of Blood 
4 P P  \,,unle in Humans”, Neneely. G. R., Wells, E. B., and Hahn, P. F. American 

W r  of the Biologic Decay Periods of Sodium in Normal and Diseased Man”, 
..;\9*ct G. E., Threefoot, S., and Reaser, P. B. Xdence 107, 91 (lM8). 
. . f , l ~ ~ d  Eurch 

in the Bronchial Artery”, Bruner, H. D., and Schmidt, C. E’. 

3 r n  @ T,olume Determination by Plasma Dye Dilution and Dilution of Red Cells 
P 32”, Nieset, R. T. Federation of American Societies for E x p d -  

+,circl,lation Time Through the Kidney”, Bruner, H. D., Clark, J. K., and Barker, 
Federation of American Societies for Experimental Biology, Federation 

aacurrent Use of Radioisotopes of Calcium and Phosphorus in the Study of 
Metabolism of Calcified Tissues”, Armstrong, W. D., and Barnum, C. P. 

,,c4,nversion of Thiocyanate Sulfur to Sulfate in the White Rat”, Wood, J. L., 
n.illiams. E. F., Jr., and Kingsland, N. Journal of Biological Chemistry 170, 

onstration of the Oxidation in Vivo of the Methyl Groups of Methionine”, 

Fae, D. B., du Vigneaud, V. Journal of Biological Chemistry 169, 757 (1947). 
,Distribution of Copper 64 in Early Embryo Chicks”, Smith, E. E., and Gray, P. 

~ ~ m a E  of Experimental Zoologg 107, 183 (194.8). 
.I)istribution and Excretion of Benadryl ( Beta-dimethylaminoethylbenzhydryl 

Ether)”, Glazko, A. J., Dill, W. B., and  McGinty, D. A. Federution of Arneri- 
Societies f o r  Esperimental Biologg, Federation Proceedings 7, 222 (1948). 

. .~i~tribution and Rate of Metabolism of Phosphorus Compounds in  Trypanosma 
Epiperdum”, Rloraczcwski, S .  A,, and Kelsey, F. E. Journal of  Infectious 
Diseases 82, 45 (194s). 

..Distribution, Retention, and Excretion of Radiophosphorus Following Thyro- 
prathyroidectomy, or  Bilateral Nephrectomy, and the Administration of 
parathyroid Extract”, Tweedy, W. R., Chilcote, M. E., and Evans, M. C. Jour- 
tal of Biological Chemistry 168, 597 (1947). 

-Dynamic State of Antibodies”, Kooyman, E. C., and Campbell, D. H. J o u n a l  of 
American Chemical Society 70,1293 (1948). 

..Effect of Certain Goitrogenic Drugs on the Absorption of Radioactive Iodine 
by the Thyroid Gland of Eats and Chicks. I. Collection of Radioiodine by 
Thyroids made Goiterous Following Chronic Administration of these Agents”, 
Rawson, R. \T., SlcGinty, D. A, Peacock, W., Merrill, P., Wilson, M., and  Lock- 
hart, H. Jour?ml o f  Phamacology and Emerimental Therapy (to be pub- 
lished ) . 

-Effect of Certain Goitrogenic Drugs on the Absorption of Radioactive Iodine 
by Thyroid Gland of Rats and Chicks. 11. Collection of Radioiodine Fol- 
loving a Single Injection of These Agents”, McGinty, I). A., Rawson, R. W., 
Fluharty, R. G., TTilson, M., Riddell, C., and Pee, H. Jo~trutZ of Phamacologg 
and Experimental Therapy ( to  be published). 

q.Effect of Growth on the Incorporation of Glycine with Radioactive Carbon into 
the Protein Of Liver Homogenates”, Friedberg, I?., Schulman, M. p., and Green- 
berg, D. M. Journal of Biologic& CIwnistvy 173, 437 (1945). 

‘Effects of Radiotosic Dosages of I 131 upon Thyroid and Contimous Tissue in 
Mice”, Gorbman, A. Proceedings of tke Xociety for & p ~ i m ~ t a ~  Biology and 
Uedicine G6, 212 (1947). 

”Effects of Vitamin A Deficiency on Thyroid Function studied with Radioactive 
Iodine”, L iPs t t ,  AI. E., and Winzler, R. J. Endocrinotogy 41, NO. 6, 494 (1947). 

“Effects of Vitamins On Phosphorus Metabolism in the Chick Embryo. 1- vita- 
min D and the Utili%ation of Inorganic Phosphorus”, Branson, H., Banks, H. w., 
Jr., and Dodson, L. B, 

of Carbon Dioxide Between Barium Carbonate and the Atmosphere”, 
BrmstroW, W. D., and Schubert, J. Science 106, 403 (1947)- 

’Ewretion of Labeled Calcium by Normal and ThyroparathSroidectomized Rats”, 
L’Heureux, 31. v., T\%-eedy, w. R., and  Zorn, E. &I. Federation o f  American 
Socifties f o r  EXl)eri??Lental BiOlogg, Fedmation Pq-oceedi?igs 7, N ~ .  1, March 

to be published). 

,,tal of ph#siology 148, 531 (1947). 

ica.n J o i i m d  of Physiologg 148, 64s (1947). 

‘.filO@d crped 
T:kr ,cf,taE Biology, Federation Proceedings 7 ,  No. 1 (1948). 

$sed i f igs  6, 312 (1947). 

Jounu2~ tbe 

-l)em gacgenzie, C. G., Chandler, S. P., Keller, E. B., Rachele, J. R., Cross, N., Mel- 

of Biologioal Chemistl’y 172, 199 (194s). 

351 (1947). 

Scieiice ~ 0 6 ,  637 (1%~)- 

(1948). 
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“Fate of Radioactire Copper Administered to  the Borine”, Coniar, C. L., DaPiS 
G. K., aud Singer, L. 

“Gastric (and Salivary) Excretion of Radioiodine in Man”, Schiff. L., $teVen, 
C. D., Molle, W., Steinberg, H., Cump, C., and Stewart, P. Journal of tk; 
Natiottal Cancer Insti tute 7 ,  S49 (194i). 

“Geiger-Muller Counter System for Tracer Studies of Gas Exchanges in &,n,, 
Richardson, G. S., Barger, A. C., Landis, E. 31. 
cieties for Experimental Biology, Fedemtion Proceedings 7, KO. 1 (194s). 

“Genes and Sucleoproteins in Synthesis of Enzymes”, Kamen, 11. D., and $Diegel- 
man, S. 

‘‘Glycine in the Synthesis of Hemoglobin”, Kamen, M. D., Grinstein, M., 
Moore, G. V. 

“Hepatic Lymph and Ascitic Fluid Following Experimental Chronic Obstru@ion 
of the Interior Vena Cava”, Grindlay, J .  H.. Flock, E V.. and Bollman, J. 
Federation of American Societies for  Experimental Biology, Federation prci, 
ceedings 7,45  (1938). 

“Incorporations of C 14 from Carboxyl-labeled cll-Alanine into the Proteins 
Liver Slices”, Frantz, I. D., Loftfield, R. B., and Miller, W. W. Science lo6, 
544 (1947). 

“Incorporation of Labeled Glycine into the Protein of Tissue Homogenates”, filed- 
berg, F., Winnick, T., and Greenberg, D. 31. JournuZ of  Biological Chemistry 
171, 441 (1947). 

“Inhibition of the Cholinesterase Actiri ty of Human Blood Plasma and Erythro- 
cyte Stromata by Alkylated Phosphorus Compounds”, Brauer, R. W. Journaz 
of Pharmacology and Eqer in ien ta l  Thercrpeutics 92, No. 2, 162 (194s). 

“Iron Absorption in Xormal Subjects and in Patients with Anemias of Varied 
Etiology”, Dubach, R., Callender, S., and Moore, C. V. Federutiott of American 
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with Radioactive Iodine”, Taurog. A., and Chaikoff, I. L. JournaZ of BioZogim 
Chemistry 169, 49 ( 1 H 7 ) .  

“Metabolic Significance of Protein-bound Iodine of Plasma ; A Study of its Con- 
centration under Various Conditions and i ts  Rate of Formation as Measure(] 
with Radioactive Iodine”, ChaikofT, I. L., Taurog, A., and Reinhardt, W. 0. 
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io Chronic Congestive Heart  Failure”, Threefoot, S., Gibbons, T., and Burch, G. 
pMceedings of the Society f o r  Experimental Biology and Medicine (to be 

Uptakc of Radioactive Alanine and Glycine into h’ormal, Fetal  and 
cancerous Liver Tissue”, R a n  tz, I., Zameonik, P., and Lofaeld,  R. Journal 
of B!ozogical Clmlaistry ( to  be published). 
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search Administration, U. S. Department of Agriculture, Beltsville, Maryland 
December 15, 1947. 

“Application of Tracer Technique to Studies of Phosphate Fertilizer Utilization 
by Crops”, Dean, L. A., et al. Research Report No. 120, Agricultural Research 
Administration, U. S. Department of Agriculture, Beltsrille, Maryland, D+ 
cember 15,1947. 

“Atomic Energy Aids Agriculture”, Peach, M. Farm Research XIV,  No. 1 (1948). 
“Basic Concepts of Soil and Fertilizer Studies with Radioactive Phosphormil, 

Hendricks, S. B., and Dean, L. A. Research Report No. 107, Agricultural &. 
search Administration, U. S. Department of Agriculture, Beltsrille, Marjland, 
Proceedings of Boil Science Society of America ( to  be published). 

Hpdrosylic Surfaces of 
Soil Minerals”, McAuliffe, C. D., et al. Research Report No.  3, Agricultural Re- 
search Administration, U. s. Department of Agriculture, Beltsville, Maryland, 
December 15, 1947. 

“Factors Effecting Fixation of Phosphorus in Soils as Determined with Radio- 
active Phosphorus”, Neller, H. R., and Comar, C. L. Soil Bcience 64,379 (1947). 

“Factors in the Injury of Citrus Frui t  by Sulfur Dust”, Turrell, F. 31. Rant 
Physiology Abstracts, 6 (1947). 

“Measurement of Radioactive Phosphorus”, Hall, N. S., and MacKenzie, A. J. 
Research Report No.  108, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture, Beltsrille, hlaryland. Proceedings of thk Soil Science 
Bociefy of America (to be published). 

“Preparation of Radioncti-re Carbon-Labeled Sugars by Photosynthesis”, Putman. 
E. W.. Hassid, W. Z .  Krotkov, G., and Barker, H. A. Journal of Bidlogicad 
Chemistry 178. 785 (1948). 

“Radioactive Isotopes in Agriculture”, Turrell, F. N. The Basterm Alumnus 1 ( 4 )  
4, (1948). 

“Radioactive Isotopes Proride New Tool : Projected Horticultural Studies Will 
Aid Scientific Investigations”, Turrell, F. M., and Aldrich, D. G .  Citrus Lea.ce.s 
27, 8 (1947). 

“Radiographs with C 14”. Grosse, A. V., and Snyder, J. C., Science 105, 240 
(1947 ) . 

“Relative Growth Rates of Bean and Oak Plants Containing Known Amounts of 
Labeled Plant-Growth Regulator (2-Iodo 131-3-Nitrobenzoic Acid) ”, Mitchell, 
J. W., Wood, J. W., Wolfe, W. C., and Irying, G .  T. Jr. science 106, 395 (1947). 

“Technique for Introducing Radioactive Phosphorus into Corn Grain”, Jacobson. 
H. G. M., Plant Physiology (to be published). 

“Translocation of a Radioactive Plant-Growth Regulator in Bean and BarleF 
Plants”, Wood, J. W., Mitchell, J. W., and Irving, G. W., Jr. Scimce 105, 337 
(1947). 

“Utilization of Acetate by Tobacco Leaves, as Determined with C 14”, Krotkorl 
G., and Barker, 19. A. Americun Journal of Botanu 35, 1-3 (1948). 

“Exchange Reactions Between Phosphates and Soils. 

f 



Bar  
705, : 
h-otkor, 

UNITED STATES ATOMIC ENERGY COMMISSION 175 
IPY-DuSTRISL RESEARCH AND b%ETaLLoRay 

Radiography”, Tenney, G. H. 

Carbon 14”, Stanler, J. K. xe taz  

Counter for Soft Beta Emitters”, Labaw, I,. W. 
as Tracers i n  High Temperature 

Electric Company March 17, 

+()iodifi 1M7*ed Geiger Tube for Counting Gaseous Weak Beta Emitters in an External 
c;n- a,l,roduction of Radioactire Carbon Rlonoside from Barium Carbonate”, Kummer, 

, *di;;lctive Tracers: How They Can Be Used in Flotation Studies”, Gaudin, 
*‘id 
,.wdioactive Tracers in Friction Studies”, Burmell, J, T. Nucleonics 1, 38 (19417). 

ilechanism Studies OR the Fischer-Tropsch Synthesis Using C 14”, Hum- 
mer, J. T., Dewill, T. n-., and Emmett, P. H. Journal of the American Chemical 
Society (to be published). 

..qome possibilities of Radioactire Tracers in Metallurgy”, Stanley, J. K. Nmle- 

of the Role of su l fur  in the Coking Process for  the Steel Industry”, 

~ Chamber”, Kummer, J. T. Nucleonics (to be pubIished). 

JoutrlcC~ of the Aw,erican Chenl;ical Society 69, 2239 (1947). 

gjlgineeriizg and ilfini?ig Journal 53, &larch (1948). 
J T  
8. M. 

A o ~ ~ i ~  1, 70 (1947). 

Eaton, S. E. ~n&@t?W Bulletin (9. D. Little, Inc.) (April 1948). 

CHEMICAL RESEARCH 

P U T  I MDDC AXD AECD REPORTS 

.(Aberrant Tissue Derelopments of Rats Exposed to Beta Rays-ne  Late Effects 
of p 32 Beta Rays”, Henshaw, P. S., and Snider, R. S. MDDC 1665. 

.Carbon 14 Production from Ammonium Nitrate Solution in the Chain-Reacting 
Pile”, Xorris, L. D., and Snell, A. H. 

14 Tracer Studies in the Rearrangement of Unsymmetrical-Diketones : 
phenylgloxal to Mandelic Acid”, Brown, W. E., and Neville, 0. K. MDDC 1168. 

ifBemiCa1 Forms Assumed by C 14 Produced by h’entron Irradiation of Beryllium 
Nitride”, Tankwich. P. E. MDDC 793. 

MDDC 726. 

Yjhemical ‘Identification of Isotopes of-Nd and Element 61”, Marinsky, J. A., and 
Glendenin, L. E. MDDC 1148. 

imcarbonYlation of Ethyl Pyruvate”, Calvin, M., and Lemmon, R. 111. MDDC 
970. 

UDesign of Radiochemical Laboratories”, Levy, H. A. 
‘*Design of Radiochemistry Laboratories for Research with Low Levels of Radio- 

activity”, Swartout, J. A. UDDC 1717. 
“Ekperimental Tjse of C 14 ; (I) Investigation of Counting Methods Using G. M. 

Tubes; (11) Synthesis of Active Organic Compounds; (111) Analysis of 
Ammonium Xitrate Solutions from the Carbon Factory”, Leslie, W. B. MDDC 
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“Gamma and Beta-Ray Hazards : The Diagnosis of Early Radiation InjurJbh 
Hempelmann, L., Los Alamos Scientific Laboratory, Los Alamos, N. &lex. 

“General Considerations in the Use of Radioactive and Stable Compounds 
Evans, E. A., University of Chicago, Chicago, Ill. 

“Illustrative Problems in  the Synthesis of Labelled Compounds.” Stetten, D 
Harvard University, Cambridge, Mass. I 

“A Method for Improving the Measurement of Radioactive IsotOpeS.” Armstrong, 
W. D., University of Minnesota, Minneapolis, A 31. inn. 

“Organized Research with Compounds Labelled with Radioactive Sulfnr 
Gyorgy, P., University of Pennsylvania, Philadelphia, Pa. 

“Physical Methods and Their Limitations : Practical Problems in  the Meamre 
ment of Labelled Compounds.” Evans, R. D., Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

“Problems in the Use of Radioactive Iodine.” Rawson, R. W., Massachuseth 
General Hospital, Boston, Mass. 

“The Role of the Atomic Energy Commission in the Future  Work with Isotopesq+ 
Aebersold, P. C., Isotopes Division, Atomic Energy Commission, Oak Rid& 
Tenn. 

“Some Practical Points in the Measurement of Isotopes.” Marshak, A., 0. E, 
Public Health Service, h’ew Pork, N. Y. 

“Some Problem in the Measurement of Labelled Compounds.” Marinelli, L. D,, 
Memorial Hospital, New Tork, N. Y. 

“Tracer Studies From a General Biological Viewpoint.” Kamen, M. D., Wash. 
ington University, St. Louis, Mo. 

I 

THE USE O F  RADIOACZTW ISOTOPES AS TRAOERS AND THERAPEUTIO A(+% 
SPONSORED BY VAXDERBILT UNIVERSm 

Nashville, Tenn., April 21-95, 19.47 

“Availability of Isotopes from the Cyclotron and Pile.” Cohn, W. E., Clinton 
Laboratories, Oak Ridge, Tenn. 

“Criteria for Use of Radioactive Isotopes in’ Therapy.” Sheppard, C. W., Van- 
derbilt Unirersity, Nashville, Tenn. 

“The Cyclotron and the Chain-Reacting Uranium Pile,” Aebersold, P. C., IN 
topes Division, Atomic Energy Commission, Oak Ridge, Tenn. 

“Demonstration of Typical Tracer Experiment.” Hahn, P. F., Sheppard, C. E., 
Goodell, J. P. B. and Oettinger, L., Vanderbilt University, Nashville, Tenn. 

“General Aspects of the Use of Isotopes as Tracers.” Bale, W. F., University 
of Rochester, Rochester, N. Y. 

“Handling Radioactive Isotopes in  the Hospital and Small Laboratory.’’ Good- 
ell, J. P. B., Vanderbilt Unirersity, Nashville, Tenn. 

“Health Phj-sics : Problems in Protection from Radiation.” Morgan, K. z- 
Clinton Laboratories, Oak Ridge, Tenn. 

T h e  Interaction of Radiation with Matter : Chemical and Biological Effects.* 
Hollaender. A+, Clinton Laboratories, Oak Ridge, Tenn. 

“The Measurement of Radiations by Various Methods.” Borkowski, C. J., 
ton Laboratories, Oak Ridge, Tenn. 

“Monitoring Equipment in the Use of Isotopes.” Norgan, IC. Z., Clinton Labom 
tories, Oak Ridge, Tenn. 

“The Nuclear Structure of Matter.” Nordheim, L. W., Clinton Laboratoris 
Oak Ridge, Tenn. 
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prNise Measurement of Radiations.” Peacock, W. C., Massachusetts 

J1!f,ciples of Radioactivitx.” Slack, F. G., Vanderbilt University, Nashville, 

on Blood Volume and Shock Using Tagged Red Blood Cells.” Gibson, Tcun. 

y; i; Isotopes in Metabolic Studies.” Ross, J. I?., Boston University School. 

sqhe stitUte of TechnoloSY, Cambridge, hlass. 

**I-- pf gedicine, Boston, miss. 

**frl 

*-Studie%., aarvard Medical School, Boston, Mass. 

of mdioactive Phosphorus in Therapy.” Reinhard, E. E Washington I.CZ 
PGole ~iscussion.-“Scientific Cooperation in the Use of Isotopes in 

~~~~~. and Medicine.” 
pa&z ~~~cussion.-“Problems of Radioactive Standards.” Peacock, W. C., 

,jme Leukemias.” Handen, R. L., Cleveland Clinic, Cleveland, Ohio. 
,.~d Cell Preservatives as Studied with Tagged Cells.” Ross, J. Fa, Boston 

university School of Medicine, Boston, Mass. 
Dbiwswn.-“Recent and Future Developments in Isotope Tracer Studies.” 

,.Use of Radioactive 31anganese and Gold in the Therapy of Malignant Disease.” 
guhn, p. F., and Sheppard, C. W., Vanderbilt University, Nashville, Tenn. 

t‘nirersity, St. Louis, Mo- 

prg4ding. 

(1) “Avenues of Investigation in Isotope Therapy.” 
(2) Wemonstration of Clinical Subjects Under Isotope Therapy.” 

IOACTKJ~ ISOTOl’ES Ix THERAPY O F  IZALIGNANT DISEASE SPONSOBED BY 
&@m AMERICAN AGSOCIATION FOR THE ADVANCEMENT OF SCIENCE 

New London, N .  H., Augwst 19,13.47 

smdiatiOIl Effects on Normal and Nalignant Tissues.” Goldfeder, A,, New 
To& University, New York, K. Y. 

..fiqdioactive Colloidal Sols.” Eahn,  P. F. and Sheppard, C. W., Vanderbilt Uni- 
rersiv, Nashville, Tenn. 

qndioactive Iodine.” Rawson, R. W., Skansa, N. B., Marinelli, L. D., and 
Fhharty, R. G. Massachusetts General Hospital, Boston, Mass., Memorial 
Hospital, New Pork, K. Y., Nassachusetts Institute of Technology, Cam- 
bridge, Mass. 

.&dioactive Phosphorus.” Hall, B. E., Mayo Clinic, Rochester, N. Y. 

KCCLEAR P ~ S I C S  IN RELATION TO CANCER, SPONSORED BY AMERICAN 
ASSOCLATION FOR CANGER RESEARCH 

Jefferson Hotel, St. Lou&, No., September 6,1947 
me Collection of Radioactive Iodine by Benign and Malignant Tumors of the 

Thnoid.” Rawson, R. W., Dobyns, R. M., Hill, R. and Fluharty, R. G., Massa- 
chusetts Ceneral Hospital, Boston, hlass., and Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

Tkstruction of Rat Thyroid bs  Large Doses of Radioiodine I 131.” Leblond, 
C. P. and Findlay, D., McGill University, hfontreal, Canada. > 

Distribution of Zinc in  Normal Blood and Organs Studied by hleans of Zn 65.” 
fallee, B. L., Fluharty, R. G. and Gibson, J. G., Massachusetts General Hospital, 
&ton, Mass., Nassachusetts of Technology, Cambridge, Mass., and Harvard 
gedical School, Boston, Mass. 

~ETects of Urethane on Normal and Leukemic Hemopoietic Tissues of the 
h s e . ”  Lu. C. S .  and Kirschbaum, A., University of Minnesota Medical School, 

-xinneapolis, Minn. 
’Evidence for  a Nuclear Precursor to Ribonucleic Acid and Desoxyribonucleic 

Acid.” Narshak, A., U. S. Public Health Service, New York, N. Y. 
The Metabolism in the Mouse of 1 : 2 : 5 : GDibenzanthracene Labeled in  the 

&Position with C 14.” Heidelberger, C and Jones, H. B., University of Cali- 
g tom, Berkeley, Calif. 
3 T* Possible Carcinogenic Effect of the Hiroshima and Kagasaki *4tomic Bombs.” e &arren, S., Division of Biology and Medicine, Atomic Energy Commission, 
- ffashmgton, D. c. 
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‘ L P r ~ b l e m ~  in Production, Distribution and Use of Isotopes.” 
Isotopes Division, Atomic EnergF Commission, Oak Ridge, Tenn. 

“Quantitative Aspects of Radiation Carcinogenesis.” Brues, A. &I., Argona e h‘a. 
tional Laboratory, Chicago, 111. 

“Studies of the Zinc Content of the Leucocytes in Myelogenous Leukemia,,, Gib. 
son, J. G., Vallee, B. L., Fluharty, R. G., and Nelson, J. E., Harvard M~~~~~ 
School, Boston, Mass., Massachusetts General Hospital, Boston, &Iass., ah9 
Massachusetts Institute of techno log^', Cambridge, Mass. 

Aebersold, 
* c., 

(To be Announced), Ussing, H. H., Denmark. 

THE USE O F  ISOTOPES 1%- BIOLOGY AKD XEDICISE SPOSSORED BY ~ 1 3 ~  
VKTCXRSITY O F  WISCOSSIX 

Madison, Wis., Septem6er IO, JI , I$ ,  and 13,1947 
“Application of Tracer Research to Medicine.” Hamilton, J. G., University of 

California, Berkeley, Calif. 
“Detection of Radioactive Isotopes.” Coryell, C .  D., Massachusetts Institute of 

Technology, Cambridge, Mass., and Hamen, 11. D., Washington University 
St. Louis, Mo. 

“Detection of Stable Isotopes.” Nier, A. 0. C., University of Xhnesota, Minne 
apolis, Minn. 

“The Future  and Atomic Energy.” Urey, H. C., University of Chicago, Chiam, 
Ill., and Daniels, I?., University of Wisconsin, Madison, Wis. 

“Health Hazards Involved in  the Use of Radioactive Isotopes.” 
University of Rochester, Rochester, N. Y., and Puickson, J. J., Memorial BO& 
tal, New Pork, N. Y. 

“Historical Background Lecture.’’ Clarke, H. T., Columbia University, xeop 
Pork, K. Y. 

“Preparation of Compounds Containing Isotopes.” Melville, D. B., Cornell T J ~ .  
versity Medical School, New Pork, h’. T. 

“Preparation of Radioactive Isotopes.” Seaborg, G. T., University of California, 
Berkeley, Calif. 

“Preparation of Stable Isotopes.” Urey, H. C., University of Chicago, Chicago, 
Ill. 

“Present Development in  the Production and Availability of Isotopes.” Aebep 
sold, P. C., Isotopes Division, Atomic Energy Commission, Oak Ridge, Tenn. 

“Studies on Metabolism of Carbohydrates.” Wood, H. G., Western Reserve 
versity, Cleveland, Ohio. 

“Studies on Metabolism of Iodine.” Chaikoff, I. L., University of California, 
Berkeley, Calif. 

“Studies on Metabolism of Lipids.” Bloch, K., University of Chicago, Chiago, 
Ill. 

“Studies on Metabolism of Minerals.” Greenberg, D. M., University of Cali- 
fornia, Berkeley, Calif. 

I 

Bale, Wa F 

“Studies on Metabolism of Proteins.” Sprinson, D. B., Columbia University, 
New Pork. N. Y. 

“The Therapeutic Use of Radioactive Elements : Leukemia and Polycythemia.” 

“The Therapeutic Use of Radioactive Elements : Thyroid Disease.” Hertz, S., 

Pane2 Discussi.on.-Plant Metabolism and Photosynthesis. Huskins, C. L., Pre 

Biddulph, O., Washington State College, Pullman, Wash. 
Calvin, M., University of California, Berkeley, Calif. 
Gaffron, H., Universitx of Chicago, Chicago, Ill. 
Kamen, M., Washington University, St. Louis, Mo. 

Panel Discussion.-Intermediary Metabolism of Animals. Potter, V. R., f’resid- 

Gurin, S., University of Pennsylvania, Philadelphia, Pa. 
Vennesland, B., University of Chicago, Chicago, Ill. 
Weinhouse, S., Houdry Process Corporation, Marcus Hook, Pa. 
Wood, H. G., Western Reserve University, Cleveland, Ohio. 

Hall, B. E., Mayo Clinic, Rochester, Minn. 

Harvard Medical School, Boston, Mass. 

siding, University of Wisconsin, Madison, Wis. 

ing, University of Wisconsin, Madison, Wis. 

Panel Discwsion.--Chemical Reactions. Hall, N. F., Presiding, University Of 
Wisconsin, Madison, Wis. 
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Corvell, C. D., Massachusetts Institute of Technology, Cambridge, Mass, 
DnDiels, F., University of Wisconsin, Nadison, Wis. 
Seaborg, G. T., University of California, Berkeley, Calif. 
~ f i l l a r d ,  J. E., University of Wisconsin, Madison, Wis. 

Barker, H. A., University of California, Berkeley, Calif. 

portel 4~~c~ssion.-Bacteria1 Metabolism and Kitrogen Fixation, Baldwin, I. L., 
qldlng, University of Wisconsin, Madison, Wis. prec 

n..rri< R. E.. University of ‘Xisconsin, Bjadison, wis. L>U””, - 
werkman, C. H., Iowa State College, Ames, Iowa. 
Wilson, P. W., Unirersity of Wisconsin, Madison, Wis. 

Braes, 9. M., ArRonne National Laboratory, Chicago, Ill. 
Cantril, S. T., Swedish Hospital, Seattle, Wash. 
Hamilton, J. G., University of California, Berkeley, Calif. 

I#anez Discussion.-Cancer. Rusch, H. P., Presiding, University of Wisconsin, 
atadison, wis. 

p m ~ ~ m O N  AXD MEASUREMENT OF ISOTOPES FOR USE IN BICKTEEMISTRY- 
SWX’SORED BY AMXRICAK CHENICAL GOCIETP 

New Yoik,  N .  P., September 15-19,1947 

“Chemical Methods of Isotope Separation-” Reid, A. F., Sun Oil Co., Mar 
Book, Pa. 

ermination of Hard Radiation, Including Preparation of Smpl  
F., University of Rochester, Rochester, N. Y. 
mination of Soft Radiation, Including Preparation of Sa 

8, K., Harvard Medical School, Boston, Mass. 
‘Dosage Levels in Administration of Isotopes to  Animals and Man.” Lisco, H., 

Argonne National Laboratory, Chicago, Ill. 
“Undamentals of Isotope Separation.” Cohen, &, Standard Oil Development 

co., Elizabeth, N. J. 
(&Hazards Presented by Radioactive Materials land How to Cope with Them.” 

Morgan, E Z., Clinton Laboratories, Oak Ridge, Tenn. 
qdentification of Intermediate Compounds. Criteria of Purity.” Kamen, M. D. 

Washington University, St. Louis, Mo. 
“An Illustration of the Power of Isotopes in a Biochemical Problem.” du V 

neaud, V., Cornell University Bledical School, New Pork, N. Y. 
‘Zaboratory Handling of Radioactive Material. 

Equipment.” Tompkins, P. C., Clinton Laboratories, Oak Ridge, 
“Preparation of. Samples for Mass Spectrogra 

Columbia University, New Pork, N. Y. 
“Production of Radioactive Isotopes by the 

Imine, Jr., J. W., Massachusetts Institute of Technology, Ca 
“The Production of Useful Radioactive Isotopes in the Urani 
W. E., Clinton Laboratories, Oak Ridge, Tern. 

“Radioautographic Technique.” 
of California, Berkeley, Calif. 

“Synopsis of Basic Ideas in the Theory of Radioactivity and the Detection of 
Radiation.” Present, R. D., University of Tennessee, Knoxville, T e n .  

“Thermal Diffusion and Other Physical Methods of Isotope Separation.” Wat- 
son, W. W., Yale University, New Haven, Conn. 

”Theory and Practice of the Use of the Mass Spectrometer.” Washborn, H. W., 
Consolidated Engineering Corporation, Pasadena. Calif. 

Protection of 

Hamilton, J. G., and Axelrod, D., 

CO-NCE I N  BIOLOGY AND MEDICINE SPONSORED BY B R O O R N A m N  

NATIOXAL LBBORATORY ~. 

upton, L. F., N .  P., O c t o b ~  1648,1947 

“Handling of Radioactive Jiaterials : Procedures and Demonstration.’’ Tomp- 

“Procurement of Isotopes.” Aebersold, P. C., Isotopes Divisipn,’:Atomic Energs 
kins, P. C., Clinton Laboratories, Oak Ridge, Tenn. 

Commission, Oak Ridge, Tenn. . L .  
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“Protective Measures for Personnel.” Nickson, J. J., Memorial Hospital, 

“Protective Measures for Public Health.” Williams, E. G., E. S. Public Health 

Panel Discusaion.--Legal Aspects i n  the Use of Radioactive Itlaterials. Brue8, 

Aebersold, P. C., Isotopes Dirision. Atomic Energ? commission, Oak &idpo 

Pork, N. Y. 

Service, Bethesda, Md. # e P  

“Shipping of Isotopes.” Morgan, R. Z., Clinton Laboratories, Oak Ridge, Term. c t -4. M., Presiding, Argonne Sntional Laboratory, Chicago, Ill. 
-3 r Tenn. 

Dunbar, C. F., Brookhaven National Laboratory, Uptrtn. Long Island, N. p. i 
Evans, R.. D., Massachusetts Institute of Technology, Cambridge, Mass. 

Newman, J. R., Pale University, New Haven, Conn. 
Panel Disczcss~on.-Eraluation of Procedures Used in the Examillation of ~ ~ , d ~ -  

Evans, R. D., Massachusetts Institute of Technoloa,  Cambridge, Mass. 
Hempelmann, L. H., Los Slamos Scientific Laboratory, Los Marnos, N. M ~ ~ .  
Howland, J. W., University of Rochester, Rochester, S. Y. 
Jacobson, L. O., Argonne Ka tional Laboratory, Chicago, Ill. 
Lyon, G, M., Isotopes Branch, Veterans’ Administration, Washington, D, c 
Parker, H. M., General Electric Nucleonics Project. Richland, Wash. ‘ 

. Warren, S., Kew England Deaconess Hospital. Boston. Mass. 
E’anel Discussion.-Disposal of Radioactive Materials. Demonstration of Ratlia. 

tion Detection Instruments 
Bennett, R., University of Rochester, Rochester, N. Y. 
Cowan, F. P., Brookharen National Laboratory, Upton, Long Island. N. y 
Deal, L. J., Brookhaven National Laboratory, Upton, Long Island, N. p. 

’ 

Kuper, J. B. H., Brookharen National Laboratory, Fpton, Long Island, N, p. 
Rose, J. E., Argonne National Laboratory, Chicago, Ill. 
Sacks, J., Brookhaven National LaboratorF, Upton, Long Island, K. Y. 
Sharp, L. M., 3rookharen National Laboratory, Upton. Long Island, N. y, 
Vyverberg, R. G., University of Rochester, Rochester, N. P. 

Hollaender, A., Clinton Laboratories, Oak Ridge, Tmn.  c 
1 

riduals Exposed to Radioactive Materials. Beller, C.. Oklahoma. 

- 
THE USE OF RADIOACTIVE ISOTOPES IN SOIL AND FERTILIZER INFE8TIGATIOg~, 

SPONSORED BY AMERICAN ‘SOCIETY OF AGRONOMY AND SOIL SCIENCE 
SOCIETY O F  AMERICA , f 

WINTER IkmE 

st 
SPONSORED 

Panel Discus$ - 
Hotel Netherlands Plaza, Cimhanati, Ohio, November 17-30, 1947 
“Application of Tracer Technique to Studies of Phosphatic Fertilizer Utiliza- 

tion by Crops: I. Greenhouse Experiments.” Dean, L. A., Nelson, W. I;., 
Soils and Agricultural Engineering, U. S. Department of Agriculture, Bel& 
ville, &Id., and Korth Carolina Agricultural Experiment Station, Raleigh, N. 0. 

by Crops: 11. Field Experiments.” Nelson, W. L., Krantz, B. A., Colwell, 
W. E., Hawkins, &4., Woltz, W. G., Dean, L. A., MacKenzie, A. J., and Rubins, 
E. J., North Carolina Agricultural Experiment Station, Raleigh, h’. C., and 
Bureau of Plant Industry, Soils and Agricultural Engineering, U. S. Depart- “Agricultural 
ment of of Agriculture, Beltsrille, Md. ment of Agi 

“Basic Concepts of Soil and Fertilizer Studies with Radioactive Phosphorus.” “Agricultural 
Hendricks, S. B. and Dean, L. -4., Bureau of Plant Industry, Soils and Agri- American SI 
cultural Engineering, U. S. Department of Agriculture, Beltsville, Md. “Contribution! 

“Exchange Reactions Between Phosphates and Hydroxylic Surfaces of Soil Representat 
Minerals.” McAuliffe, C. D.. Hall, X. S., Dean, I;. A. and Hendricks, S. B., J. C. 
Cornel1 ‘CTnirersity, Ithaca, N. Y .. Sor th  Carolina Agricultural Experiment “Demonstratic 
Station, Raleigh, K. C., and Bureau of Plant  Industry, Soils and dgricultural National La 
Engineering, U. S. Department of Agriculture, Beltsville, Md. “Induced and 

“Measurement of Radioactive Phosphorus.” Hall, K. S. and MacKenzie, A. J., Value in P1 
North Carolina L4gricultnral Experiment Station, Raleigh, N. C., and Bureau cultural Ex1 
of Plant Industry. Soils And Agricultural Engineering, U. S. Department of “Isotopes Ava 
Agriculture, Beltsville, Md. Energy COU: 

“The Measurei 
Overstreet, R., Jacobson, L. and Ulrich, A., Universi tg of California, BerkeleS Energy COW 
Calif. “Xutrition S t u  

G. K., U. S .  I 

N~ISOII, W. L.. 
Sauchelli, V., 
woodruff, N. 1 

MacKenzie, A. J., Armiger, W. H. and Hill, W. L., Bureau of Plant Industrjl, THE USE OF 1 
BY THE AI 
TUTE O F  N “-Qplication of Tracer Technique to Studies of Phosphatic Fertilizer Utilization 

“The Use of Radioactive Tracers in Plant h’utrition Studies.” Stout, P. 
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P. 

;,rrussa’on.--Radioactive Iodine. +,..,- ~~~*~~ m r i e n c e s  in Diagnosis and Treatment of Toxic Goiter with Radio- 
actlye Iodine (8-day half-life) .” Werner, s. C. and Quimby, El: H., Columbia 
advemie, New Pork, N. Y. 

Jnwlred in the Experimental Therapy of Metastatic Thyroid Cancer 
T 121 .” Narinelli, D., Hocker, A. H: and Trunell, J., Memorial Hospital  

*-+J-€-tLtJ=--- - , rhamman. E. U.,vslass&husetts General Hospital, Boston, Mass. 

n ~ h w  XEETING OF THE AXERICAN GOCIETY O F  AGRICULTURAL ENGINEERE 
SPOKSORED BY X*!L’JXONAL JOINT C O B X ~  O N  FERTILIZER APPLICATION 

8’teuens Hotel, Chi~ago, I&?., December 15-17,19.&Y 
Isanel Discussion.-Radioactive Applications To Agriculture. 

1947 
1 -  - 
xelson, W. L., North Carolina Agricultural Experiment Station, Raleigh, N. C 
sauchelli. ’., The Darison Chemical Corporation, Baltimore, Md. 
I- 

Woodruff, N. H., Isotopes Division, Atom& Energy Commission, Oak Ridg 

W E  USE OF R4DI0-4CTXVE ISOTOPES IN AGRICULTURAL FtESEBRC 
BY THE ALABAMA POLYTECHNIC IRSTITUTF, AND THE OAK 
TTSTE OF RGCLEAR GTDDI lCS 

Auhrn, Ala., December 18,19, and !M, 1947 
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“iigriculturai Research with Radioactive Sulfur and  Arsenic,” Thomas, M. D., 
American Smelting 8: Refining Co., Salt Lake City, Utah. 

-Contributions of the Atomic Energy Commission to Agrkulturfil Research.” 
Representatire of U. S. Atomic Energy Commission, Introduced b s  Franklin. 

”Induced and Naturally Occurring Mutations in Rekt ion to Heterosis and  their 
Jones, D. F., Connecticut Agri- 

“Isotopes Available for  Research.” Aebersold, P. C., Isotopes Division, Atomic 

“The Measurements of Radiation by Various Nethods.” McDaniei, P. W, Atomic 

“xutrition Studies with Radiocobalt and Radiocopper.” Comfir, C. L. and  Dnvin. 

Talue in Plant and Animal Improvement” 
cultural Esperiment Station, Kew Haven, Conn. 

Energy Commission, Oak Ridge, Tenn. 

Energy Commission, Tashington, D. C. 

G.  E., U. S. Department of Agriculture, Gainesyille, Fla. 
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tive Precautions in the Handling of Radioactive Materials.” &.gall, 
., Isotopes Division, Atomic E n e r a  Commission, Oak Ridge, Term. 

Radioactivity and Radioisotopes.” Allison, F.. Alabamr? Polytechnic Institute, 

Copp, D., “Some Biological and Medical Uses of Radioactive Isotopes.” 
versity of California Radiation Laboratory, Berkeley, Calif. 

“Studies of Chlorosis Using Radioactive Phosphorus and Iron.” 
lgnirersity of Washington, Pullman, Wash. t 

“Techniques of Tagged Atom Research.” Arnold, TF‘. Oak Ridge h’ational L~~~ 
ratory, Oak Ridge, Tenn. 

“Tracer Studies with C 14-Urethan.” Skipper, H. B., Unirersity of &abaQa, 
Birmingham, Ala. 

Biddulph, 

m. O S I U M  SPOMS~RED BY AXERICAN ASSOCIATION FQR THE A D V A N c m  
OF GCIENGE AXD ASSOCIATED SOCIETIES 

Chicago, IZZ., December 26-31,1947 

opic Tracers i n  Photosyntliesis. 
4 and  P 32 in the Dark Fixation Reaction of Different Algae.” Kame.,, 
. D., Washington University, St. Louis, No. 

14 h Photosynthesis.” Calvin, M. and Benson, H., University of Cal i fom 

s.” Gaffron, H., Brown, A. H., and Fager, E. W., u[Jnive- 
ago, Ill. 
thesis.” R a n c k ,  J., University of Chicago, Chicago, I& 

Shonka, F. R., 
Argonne R’atioml Laboratory, Chicago, Ill. 

“The Movement of Inorganic Solutes into Plants as Revealed by the Use of 
Radioactive Isotopes.” Broger, T. C., University of California, Berkeleg, 

I 

ive Isotopes in Plant Physiological Research. 
ssay of Isotopes Which Emit Low Dnergy Beta Rays.” 

“The  Role of Iron in the Formation of Chlorophyll.” Miller, A. and aor 
H. V., Antioch College, Yellow Springs, Ohio. 

“The Use of Carbon 1 4 . a ~  a Tracer in Studies of the First Products o 
synthesis.” Brown, A. H., Gaffron, H. and Fager, E. W., University of 
Chicago, Ill. 

“The Use of Radioactive Iodine in  the Study of Growth-Regulating Substa 
Mitchell, J. W., Wood, J. and Irving, G., University of Tenne 
Tenn. 

bk bsect ion on Pharmacy. 
“The Application of Radioactive Tracer Techniques to Pharmacy 

ceutical Research.” Christian, J., Purdue University, L d a y e t t  
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