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PREFACE

The objective of the Puerto Rico Nuclear Center (PRNC) is to
maintain a comprehensive program of research and training
in nuclear science and engineering and in the applications
of nuclear energy in medicine, agriculture, and industry.
This Annual Report is a review of the program accomplish-

ments and activities during the year 1965.
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EDUCATIONAL AND TRAINING DIVISIONS

The educational and training divisions (also known as the 07
Program) offer training and research opportunities in the

nuclear field for students at the graduate and postgraduate
levels. The divisions either carry out individual phases of
the training and research or provide guidance and support.
This area of Puerto Rico Nuclear Center activities, which
represents approximately two-thirds of the over-all program,

is sponsored by the United States Atomic Energy Commission
(US AEC) Division of Nuclear Education and Training.



NUCLEAR SCIENCE AND TECHNOLOGY DIVISION
Owen H. Wheeler, D.Sc., Head

The Nuclear Science Division actively supports the M.S. degree
programs in Chemistry and Physics offered at the Mayaguez campus

of the University of Puerto Rico (UPR), both by providing opportu-
nities for thesis research to graduate students and by contributing
teaching staff for some of the courses. In addition, facilities
are available for research in chemistry and physics at the pre-
doctoral and postdoctoral levels. During the past year, work in
solid state physics and hot-atom chemistry continued, with some
reduction in effort due to the absence of two senior staff members.

EDUCATIONAL ACTIVITIES

Dr. J. F. Facetti taught a course in advanced inorganic chemistry,
and Dr. J. A. Gonzalo a course in nuclear and reactor physics, as
services to the Departments of Chemistry and Physics, respectively,
of the University of Puerto Rico at Mayaguez. These courses are
part of the M.S. programs of these departments. Dr. I. AlmodSvar
and Miss E. Trabal taught the course in radiochemistry.

In addition to the weekly seminars, Dr. J. F. Facetti organized a
series of special seminars on selected topics in radiochemistry

during the summer of 1964.

Dr. Facetti also participated in the Atoms in Action Exhibit in El
Salvador in February 1965. He gave a series of lectures on neutron
activation analysis and on Szilard-Chalmers reactions and directed

a research project on the effect of gamma pre-irradiation on neutron
activated arsenic compounds, which was carried out by Miss Marta
Montes, a student of the Department of Chemistry of the University

of San Salvador.

A total of nine graduate students in chemistry and three graduate
students in physics carried out research under the direction of
members of the division. In addition, six students were enrolled
in chemistry courses and two in physics courses taught by division
staff members,



THESIS RESEARCH

Edgar A. Paez (M.S., June 1966), conducted research on the study
of the distribution in tungsten of recoil ranges of strontium-91
(%91sr) and barium-140 (140Ba) produced during thermal fission of

enriched uranium, under the direction of Dr. I. Almod6évar. The
recoil ranges of 91Sr and 140Ba (see Figure 1) produced by the

neutron fission of uranium-235 (235U) in tungsten were measured by
removing successive layers of the metal by an electrochemical pro-
cess. The values obtained were 9.311.3 mg/cm2 for 91Sr and
7.720.15 mg/cm? for 140Ba. Mr. Paez came to PRNC on leave of
absence from the Instituto de Asuntos Nucleares in Bogotéd with a
fellowship from the International Atomic Energy Agency in Vienna.
He has now returned to Bogotd to set up 2 nuclear chemistry group
at the institute. The samples of enriched uranium used in this
work were prepared by Dr. Gaeta of the Junta de Energia Nuclear in

Madrid.

June 1965), conducted research on studies in the
gamma radiolysis of steroids in solution, under Dr. O. H. Wheeler.
The work consisted of a quantitative study of the products formed
in the radiolysis with cobalt-60 (6000) radiation of estrone and
related compounds in acetic acid and in aqueous base and aqueous
acetic acid (see Table 1). Vapor phase chromatography was used
extensively to analyze the complex mixture of products.

R. Montalvo (M.S.,

E. Rosario (M.S., June 1965), Fatigue Effects in Photomultiplier
Tubes, under Rev. Dr. I. Cantarell.

WORK IN PROGRESS

1. Radiation Chemistry of Hydrogen Halides, thesis research of
Rupert A. Lee for a Ph.D., University of Alberta, Canada, is being
done under the direction of Dr. D. A. Armstrong (PRNC consultant).
The radiation yields of hydrogen chloride and hydrogen bromide
with gamma rays and fission fragments are being studied. (See

Figures 2 and 3.)

2. Hot-Atom Chemistry of Aromatic Phosphorus Compounds, is the
title of thesis work by Miss M. Santos, which is being done under
the direction of Dr. O. H. Wheeler. The inorganic and organic
radiophosphorus compounds formed in the activation of triphenyl-
phosphorus and its compounds is being studied. (See Figure 4.)
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Figure 1. Calculated and experimenjz‘gl recoil ranges for 140p,
produced by the neutron fission of °U in tungsten.



TABLE 1

Radiolysis Products

Compound Solvent Dosed Productb Yield (%)

Estrone 1 N NaOH 3.74 s.m. 50

2-Hydroxyestrone 13

Oils 5

Estradiol 1 N NaOH 3.38 s.m. 54

2-Hydroxyestradiol 9

Oils 3

Salts 8

Estrone 80% AcOH 3.53 s.m. 52
2-Hydroxyestrone

diacetate 3
4-Hydroxyestrone

diacetate 2

Oils 6

Estrone acetate 807 AcOH 4.34 s.m. 53
2-Hydroxyestrone

diacetate 4
4-Hydroxyestrone

diacetate 1

Oils 8

Estrone 90% AcOH  3.39 s.m. 57

2-Hydroxyestrone 2

Oils 4

4Total absorbed dose in megarads.

bs.m. denotes starting material.
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3. Hot-Atom Chemistry of Aromatic Sulfur Compounds, thesis work
of Miss C. L. Berrfos, is being directed by Dr. O. H. Wheeler and
Dr. J. F. Facetti. (See Figure 5.)

4. Hot-Atom Chemistry of Rhenium Compounds, thesis research of
Mrs. M. Santiago, is being done with Dr. J. F. Facetti. The
valency states of radioactive rhenium formed in the neutron activa-
tion of rhenium oxide and potassium perrhenate are being investi-

gated. (See Figure 6.)

5. Magnetic Spiral in Manganese Dioxides, is being investigated
by Dr. J. A. Gonzalo with Dr. G. Shirane and Dr. D. Cox (Brookhaven
National Laboratory). The magnetic structure of manganese dioxide
is being studied by neutron diffraction.

6. Ferroelectric Properties and Radiation Damage Effects in Impure
Colemanite is the thesis research of J. M. Rivera, being conducted
under the direction of Dr. J. A. Gonzalo. The ferroelectric
hysteresis curves of colemanite at different temperatures and at
varying frequencies are being measured. (See Figure 7.)

7. Dielectric Properties of Lithium Hydrogen Selenite at High
Frequencies is the thesis research of N. R. Ortiz, which is
directed by Dr. J. A. Gonzalo. A comparison is being made of the
dielectric properties of this compound at low and high frequencies

up to the microwave region.

8. Physical Organic Chemistry is a book by Dr. O. H. Wheeler. The
manuscript of this introductory textbook has been submitted to the

Elsevier Publishing Company, Amsterdam.

9. Girard and Related Reagents by Dr. O. H. Wheeler is a book to
be published by Holden-Day, San Francisco. The manuscript was
nearly completed during the tenure of a Guggenheim Fellowship.

COMPLETED RESEARCH

Projects on which results have been written for publication are
briefly described below. Journal references are given in the
Appendix.

1. Chemical State of 1256 Formed by Neutron Irradiation in Tin
Compounds by Dr. J. F. Facetti. The chemical state of antimony-125



Figure 5. Mr. R. Montalvo
(behind vacuum lines for ra-
diation samples) is purifying
gas samples while Dr. 0. H.
Wheeler (center) is operating
a gas chromatography unit.

Figure 7. View of the solid
state physics laboratory with
Rev. Dr. I. Cantarell (right)
operating a multichannel
analyzer.

Figure 6. Miss M. L. Cruz
(left) is working at a lead-
lined hood, Mrs. E. E.
Rodrfguez (center) is evacu-
ating a sample container
prior to irradiation, and
Miss J. E. Trabal is adjust-
ing the gas chromatography
unit.
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formed in the beta decay of neutron activated tin compounds was
measured, and the distribution between the 3 and 5 valence states
was found to depend on their oxygen content.

2. Radiation Induced Bromination of 2,3-Dimethylbutane by Dr. O.
H. Wheeler and Mrs. H. Batlle de Fab6n. The gamma induced bromina-
tion of 2,3-dimethylbutane affords only 2,3-dibromo-2,3-dimethyl-
butane, with a G value of 2760.

3. Gas Chromatography of Estrone and Related Compounds by Mr. R.
Montalvo and Dr. O. H. Wheeler. The retention times of a series
of estrone derivatives and substituted estrones were measured on
polar (QF-1) and nonpolar (SE-30) columns.

4., Irradiation of Estrone and Derivatives in Acetic Acid by Dr. O.
H. Wheeler and Mr. R. Montalvo. The products formed in the
radiolysis of estrone, estradiol, estrone acetate, and estrone
methyl ether in glacial acetic acid were determined.

S. Oxidation of Anilines With Manganese Dioxide by Dr. O. H.
Wheeler. The use of carbon-l4-labeled aniline showed that substi-
tuted anilines are oxidized randomly to substituted azobenzenes.
Part of this work was carried out at Imperial College, London,
during the tenure of a Guggenheim Fellowship.

6. Effects of Gamma Irradiation on Triglycine Sulfate by Dr. J.

A. Conzalo and Dr. R. A. Arndt (BNL). The heat capacity for the
change from the ferroelectric to the antiferroelectric state was
markedly reduced by irradiation, and the Curie temperature was
lowered. The internal bias and the coercive field of the hysteresis
loop increased linearly with radiation dose. This work was carried
out while Dr. Gonzalo was on leave at Brookhaven National Laboratory.

STAFF

Dr. Owen H. Wheeler, Head of this Division, holds a part-time
appointment at the University as Professor of Chemistry, and during
the past year he was on sabbatical leave from August 1, 1964, to
July 31, 1965, on a John S. Guggenheim Inter-American Fellowship.
From August through October, Dr. Wheeler spent full time at the
Puerto Rico Nuclear Center. Then, on leave from PRNC, he spent
November and December working at the Radiochemistry Laboratory of
the Department of Organic Chemistry, Imperial College, London. He
spent February through June 1965 at Brookhaven National Laboratory,



working on the hot-atom reactions of carbon-11 with oxygenated
P. Wolf of the Brookhaven Chemistry

organic compounds, with Dr. A.
ded a D.Sc. degree by the Univer-

Department. Dr., Wheeler was awar
sity of London in March 1965. He already held a Ph.D. from the

same institution.

Rev. I. Cantarell went on leave in August 1964 to work in the low
ect in the Department of Physics,

energy electron diffraction proj

Brooklyn Polytechnic Institute, on the effect of the degree of

cleanness of surfaces on the emission properties of the surfaces,
t his Ph.D. thesis, "Color

In may 1965 he went to Spain to presen
Centers in Magnesium Oxide and Alkali Halides,'" to the University

of Santiago de Compostela. and the degree was awarded the same

month.

Mrs. Hilda Batlle de Pabén, who obtained her M.S. degree in May
1964, resigned her position as Research Assistant at the Nuclear
Center to take up an appointment as Instructor in the Chemistry
Department, University of Puerto Rico at Mayaguez.

Dr. J. F. Facetti, Associate Scientist, returned to Paraguay in
March 1965 to accept the Chair in Radiochemistry at the University

of Asuncién.

Mr. R. A. Lee, M.Sc. (University of London), took an appointment
as Research Associate in September 1965, to initiate work on the

radiolysis of inorganic compounds.

During the pést year, several members of the Nuclear Science and
Technology Division presented papers at scientific meetings; these
are listed in the Appendix.



NUCLEAR ENG INEERING DIVISION
Donald S. Sasscer, Ph.D., Head

The primary function of the Nuclear Engineering Division is to
teach courses for graduate students studying nuclear engineering
at the University of Puerto Rico at Mayaguez and to direct their
research, and the thesis research of students from other univer-
sities in the United States and Latin America. In addition, this
division offers occasional short courses for scientists, engineers,
and technicians, and the members of the staff engage in individual

research projects.

The University of Puerto Rico (UPR) at Mayaguez offers the Master
of Science degree in Nuclear Engineering. The requirements are
30 hours of graduate work, including the satisfactory completion
of a thesis. Applicants for admission to this program must have
a bachelor's degree in engineering or physics. The PRNC Nuclear
Engineering Division maintains a close relationship with the
degree program in nuclear engineering at UPR. The closeness of
this relationship is illustrated by the fact that the faculty of
the UPR Department of Nuclear Engineering is composed exclusively
of staff members of the PRNC Nuclear Engineering Division, and
the director of the UPR department is also the head of the PRNC
division. 1In addition, the PRNC Nuclear Engineering Division
provides the classrooms, offices, laboratories, equipment, and
administrative personnel necessary for the education and training
of the UPR nuclear engineering students.

The basic pedagogical method used by the Nuclear Engineering
Division is the presentation of lectures, strongly reinforced by
laboratory work with various types of radiation counting equipment
the subcritical reactor, the L-77 low power reactor, and the PRNC
1-MW Reactor. Each student is also required to use both an analog
and a digital computer and to present a seminar on his research

to the PRNC staff. The students are encouraged to choose research
topics related to their specific interests and those of their
sponsoring countries or organizationms.

A description of the courses included in the nuclear engineering
curriculum follows.

13
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CORE COURSES

1. Nuclear Reactor Technology I (Nu Eg 601), 3 credit hours.
Three lectures each week. Corequisite: Math 675. Terminology of
nuclear reactors and their component parts; and production, transg-
fer, and utilization of heat in nuclear reactors.

2. Nuclear Reactor Technology II (Nu Eg 602), &4 credit hours.
Three lectures and one three-hour lab demonstration period each

week., Prerequisite: Nu Eg 601. Steady-state and transient

thermal conduction in fuel elements; thermal convection in heat-
esign problems.

exchanger design; reactor engineering d

ements and Instrumentation (Nu Eg 603), 3 credit
e-hour lab sessions each week,
uments and thorough familiari-
f specialized techniques such
pulse analysis,

3. Nuclear Measur
hours. One lecture and two thre
Characteristics of operation of instr
zation with the use and application o
as coincidence and anticoincidence counting,
neutron spectrometry, and gamma-ray spectrometry.

g 626), 2 credit hours. Two three-

4. Reactor Laboratory (Nu E
Nu Eg 621. Laboratory

hour lab sessions each week. Prerequisite:
problems involving the nuclear reactor.

(See Figures 1 to 3.)

Figure 1. A graduate student observing



O - T N I —ea e L e

Figure 2. Dr. Aviva E. Gileadi,
Chief Scientist and Professor of
Nuclear Engineering (above, center),
is explaining the function of the
control rods while standing on the
bridge of the PRNC research reactor.
The students in the foreground are
inspecting other parts of the reac-
tor, including the core.

Figure 3. Members of the reactor
physics class observing startup of
the PRNC research reactor. Mr. Juan
C. Alemafly, a reactor operator, is
seated at the console, while Dr.
Gileadi explains the changes being
recorded,




5.

2 tNuclear and Reactor Physics (Phys 616), 4 credit hours. Four
c

ure discussions each week. Theory of alpha, beta, and gamma
emission, nuclear resonance theory, nuclear force theory, nuclear
fission, the diffusion equation, and neutron slowing down.

6. Reactor Theory (Nu Eg 621), 3 credit hours. Three lectures
each week. Prerequisite: Phys 616. Homogeneous and heterogeneous
reactors, various slowing-down theories, determination of critical
size for different geometries, calculation of lattice comstants,
elementary transport theory, perturbation theory, physics of the
time-dependent reactor, and other related topics.

7. Mathematics of Modern Science I (Math 675), 3 credit hours.
Three lectures each week. Determinants and matrices, finite

differences, Fourier series and integrals, and Laplace
transformation.

8. Mathematics of Modern Science II (Math 676), 3 credit hours.
Three lectures each week. Prerequisite: Math 675. Partial
differential equations, Bessel functions and Legendri

and complex variables. (See Figure 4.)

Figure 4. Graduate students participa
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Figure 5. Graduate students ﬁé in tt 3;%;;
laboratory. . .
9., Seminar (Nu Eg 616), 1 crediﬁ‘hgﬁrg_LEWQVhéurs per week.
Reports and discussion on special topics in science and engineering.

SUPPLEMENTARY COURSES

1. Reactor Instrumentation (Nu Eg 611), 3 credit hours. Two
lectures and one three-hour lab session each week. Corequisite:
Nu Eg 601. A course intended to acquaint students with the
problems of reactor plant operation and control. A study of the
combined reactor instrumentation system under and emergency
conditions; measurement of neutron flux; gamma ty and
transient response in relation to reactor stab ﬁggafety.

(See Figures 5 and 6.)

17
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2. Nuclear Reactor Metallurgy (Nu Eg 612), 3 credit hours. Two
lectures and one three-hour lab session each week. Corequisite:

Nu Eg 601. An introduction to elementary physical metallurgy of

the principal reactor materials such as aluminum, zirconium,

uranium, and high temperature alloys; mechanical properties;
fabrication of nuclear fuels; radiation damage to reactor components.

3. Introduction to Nuclear Engineering (Nu Eg 551), 3 credit hours.
This course is offered for advanced undergraduate and non-nuclear
engineering graduate students; three lectures each week. Fission
and chain reactions, elements of reactor design, utilization of
nuclear energy for power, and radiation problems.

During 1965 one Ecuadorian, one Dominican, one Mexican, and 21
Puerto Rican students participated in the program (Table 1.) The
Puerto Rico Water Resources Authority sponsored ten of the Puerto
Rican students. The PRWRA students are now completing their theses
under the direction of PRNC personnel and continuing their nuclear
training at the BONUS Nuclear Power Plant of the Authority.

Student progress may be summarized as follows:

Number of students who have completed all course
work for degree 13

Number of students who have completed more than
one-half of course work 3

Number of students who have completed less than
one-half of course work, including three new
students 7

Number of students who have completed all
requirements for degree 1

Total number of active students 24

The staff of the Nuclear Engineering Division was augmented in
1965 by two new members, Dr. Aviva E. Gileadi, a Senior Lecturer
on leave from the Technion, Israel Institute of Technology, Haifa,
Israel, and consultant physicist to the BONUS Nuclear Power Plant,
and Dr. Willy Smith Pérez, formerly of the Nuclear Engineering
Department of the University of Michigan.
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TABLE 1

Trainees

ENROLLED IN AUGUST, 1964
José E. Aguiar, (UPR), Puerto Rico
Mario A. Beauchamp, (UPR), Puerto Rico
Melvin B. Cotto, (PRNC), Fuerto Rico
Heriberto Cuebas Campos, (BONUS), Puerto Rico
José A. D4&vila Navedo, (BONUS), Puerto Rico
Angel R. Escalona, (BONUS), Puerto Rico
Arnoldo de Hoyos, (IAEA), Mexico
Francisco Jiménez, (BONUS), Puerto Rico
Radamés Lamenza, (BONUS), Puerto Rico
Erick Méndez Veray, (UPR), Puerto Rico
Fausto Mufioz Ribadeneira, (PRNC), Ecuador
William Pérez, (BONUS), Puerto Rico
Fernando E. P14 Barby, (BONUS), Puerto Rico
Carlos E. Reoyo, (UPR), Puerto Rico
Ferdinand Rosa, (UPR), Puerto Rico
Angel S&nchez del Rfo, (BONUS), Puerto Rico
Jorge A. Vega Barrios, (BONUS), Puerto Rico
Gilberto Vélez Delgado, (BONUS), Puerto Rico
ENROLLED IN AUGUST, 1965
Eduardo Gémez Torres, Puerto Rico
Néstor Rubé&n Ortiz, (ORINS), Puerto Rico
Eduardo Sagredo Robles, (UPR), Santo Domingo
Ramén E. Tristani, (ORINS), Puerto Rico
Francisco Ruiz Ortiz, (UPR), Puerto Rico

Fernando Pérez Braceti, (PRWRA), Puerto Rico
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In July Dr. Gileadi attended the Conference on Physics of Quantum
Electronics in San Juan. In September Dr. Donald Sasscer presented
a series of lectures on neutron diffusion to the College of Physics
of the University of San Carlos in Guatemala City as part of the
PRNC participation in the US AEC Atoms in Action Exhibit.

RESEARCH PROJECTS

1. Dr. Aviva E. Gileadi and Angel Sé&nchez del Rfo, After-Shutdown
Xenon Study. The purpose is to determine methods of minimizing

the after-shutdown xenon peak and methods of avoiding instabilities
due to xenon oscillations.

2. Dr. Willy Smith Pérez, Nuclear Mass Flow Meter. The objective
is to design and construct a device to determine the mass flow
rates in pipes by using the nuclear Doppler effect.

3. Dr. Phillip Osborne and Erick Méndez Veray, Steady State
Practure - Irradiation Effects. A steady-state fracture device
has been built and is being used to determine the effects of
irradiation on the fracture characteristics of Plexiglass.

4. Dr. Aviva E. Gileadi and Prof. Francisco Picd, L-77 Transfer
Function. The transfer function of the L-77 reactor is being
determined by use of a rotating reactivity oscillator.

5. Dr. Aviva E. Gileadi and Fernando P14 Barby, Burn-Up Determi-
nation. The variations of the nuclear characteristics of a BONUS~
type reactor due to the change in isotopic composition of the

core are being determined.

6. Dr. Donald S. Sasscer, Metal to Metal Diffusion Coefficients.
The purpose is to devise an accurate method of determining metal
to metal diffusion coefficients by use of radioactive tracers.

7. Dr. Kenneth Soderstrom, Emissivity of Graphite. A study is
being made on the effect of nuclear irradiation on the emissivity
of graphite.

8. Dr. Carlos Wheeler, Neutron Monochromatization. A device is
being built and tested that monochromatizes reactor beam-port
neutrons by multiple critical angle scattering. (See Figure 7.)
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The following research projects have been completed.

1. Dr. Aviva E. Gileadi and A. S&nchez, Evaluation of the Doppler
Effect in the Research Reactor of the Nuclear Center.

2. Rev. Dr. Ignacio Cantarell and Efrain Rosario Gar?ia, Fatigue
in Photomultiplier Tubes - Time-Dependent Field Emission.

'3. Dr. Donald S. Sasscer and Arnoldo de Hoyos, Random Numbers

From a Radioactive Source.
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RADIOISOTOPE APPLICATIONS DIVISION
Edwin Roig, Ph.D., Head

The Radioisotope Applications Division offers training and research
opportunities in the application cf radioisotopes and ionizing
radiation to the physical sciences, to provide scientists with
technical competence for their future work. Introductory training
in radioisotope and ionizing radiation is offered to scientists and
students, regardless of their fields of interest, as background or
as complementary preparation for participation in other PRNC
programs. In order to strengthen this program, the Radioisotope
Applications Division works in close cooperation with the University
of Puerto Rico Department of Chemistry. Staff members participate
in teaching courses, especially at the graduate level, and research
opportunities are provided, with emphasis on thesis research leading
to an M.S. degree.

Courses taught by Division staff members include:

Students
Radiochemistry | Dr. E. Roig 4
Chemical Analysis Dr. E. Roig 17
Organic Chemistry Dr. H. H. Szmant 25
Theory of Organic Chemistry Dr. H. H. Szmant 20
Physico-Chemical Aspects of
Biological Processes Dr. H. H. Szmant 8

Dr. Edwin Roig collaborates with Dr. Robert A. Luse of the
Agricultural Bio-Sciences Division in teaching the course on
nuclear techniques in biological research.

During the year three students completed the requirements for an
M.S. degree at the UPR Department of Chemistry, having done their
thesis research under the guidance of Dr. H. H. Szmant. They are:

1. Mr. Juan J. Rigau, who is now pursuing studies toward a Ph.D.
degree at Wayne State University,

25
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2. Mr. Arnaldo Carrasquillo, now pursuing studies towarg a Ph,p
degree at Ohio State University, and .

3. Miss Mirta Romén, who is presently on the teaching Staff of h
Physical Sciences Department of the UPR School of General St“diese

The basic course on radioisotope techniques continues to be Offereq
mainly for the benefit of local institutions. A number of labora.
tories in Puerto Rico besides PRNC require their techniciang to
have this training; for example, the Radioisotopes Laboratory of
the San Patricio Veterans Hospital and the Biochemistry Department
of the UPR School of Medicine. The sugar industry, the Agricu]l-
tural Experiment Station, and others are also interested in
radioisotope techniques.

Mr. Santiago Ramirez, Professor of Physics at UPR, and Mr. Migue}
A. Jiménez, Professor of Physics at the College of Agricultural
and Mechanical Arts, took the basic course on radioisotopg
techniques in May and June 1964, under the auspices of the Puerto
Rico civil defense program. They have since been teaching a
course for radiological momitoring instructors, sponsored by the
U.S. Department of Defense and the U.S. Office of Civil Defense
and administered by the University of Puerto Rico. The persons
taking this course are mainly public school teachers, civil defense
officers, and other professionals with a background in physical
sciences, such as engineers, or agronomists, who are interested in
cooperating with the Puerto Rico civil defense program. During
the year 1964-1965 eight sessions of this course were offered in
different cities all over Puerto Rico, and a total of 116 persons
completed it, These participants are at present teaching other
members of the community at a more elementary level under the
program of adult civil defense training sponsored by the Puerto
Rico Department of Education.

Training equivalent to the basic course on radioisotope techniques
is being offered by a number of Latin American countries such as
Argentina, Brazil, and Chile. Latin Americans are encouraged,
whenever possible, to take such a course at home before coming to
PRNC for further training. However, medical doctors usually

repeat this course here before continuing with further training

in clinical applications. Experience has shown that the basic
training here is more practical than the Latin American equivalents.
For example, the three-month course offered by the Atomic Energy
Commission of Argentina requires for admission a thorough knowledge
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of nuclear physics and mathematics. Argentineans who have taken
the basic training here consider the approach more in accord with
the purpose of the training,which is to place emphasis on experi-
mental work and to simplify theoretical discussions, thus elimi-
nating rigorous mathematical treatment. This approach is more
successful in giving the participants, most of whom have been out
of college for several years, a clear understanding of the subject.

During 1965 there were 31 participants in the basic course on
radioisotope techniques: 23 from Puerto Rico, two each from the
Dominican Republic and Argentina, and one each from Colombia,
Uruguay, Spain, and the Phillippines. (See Figure 1.)

Their names and present positions are listed in Table 1.

E. Rapallini,

Figure 1. Dr. Hugo Gastén Fermepfn and Mr. 3
rope exchange

both from Argentina, perform a kinetic ¢ 4
reaction as part of their training in isc



TABLE 1

Participants in Basic Course on Radioisotope Techniques, 1965

Name

Present position

1.

2.

6.

7.

9.

10.

11.

12,

13.

14.

15.

Leila Crespo Fernéndez

Julifn Rold&n Regus

Louise Valentin Gonzélez

Adriana Rodrfguez de Calderén

Arturo Valencia Serna

Eduardo J. Brenes

Jorge Luis Camufias

Agnes Martinez-Lahoy

Luis Meyer

Norma Miranda de Zetterstrand

Marta Olivieri Malavé

Freddy Sallent Jurgensen

Mirta Toro Gonzélez

Alberto Toro Nazario

Modesto Capiel

——

Research Technician, Clinical Applicationg
Division, PRNC

Research Associate, Agricultural Bio-Sciences
Division, PRNC

Research Assistant, Medical Sciences Division
PRNC ’

Technical Assistant, Clinical Applicationg
Division, PRNC

Research Associate, Radiotherapy and Cancer
Division, PRNC

Research Assistant, UPR Agricultural Experiment
Station

Premedical student, Georgetown University

Graduate student in bacteriology, UPR School
of Medicine

Chemist, Administracién Nacional de Combus-
tible, Alcohol y Portland, Montevideo,
Uruguay (Had additional training at PRNC on
clinical applications, agricultural appli-
cations, and health physics)

Pediatrician, UPR Hospital. (Had additional
training in clinical applications at PRNC)

Research Assistant, Department of Biochemistry,
UPR School of Medicine

Professor of Biochemistry, School of Medicine,
Universidad Auténoma de Santo Domingo,
Dominican Republic

Graduate student in Bacteriology, UPR School
of Medicine '

Graduate student in Medical Technology, UPR
School of Medicine

Research Associate, Plant-Water-Climate
Relationship, UPR Agricultural Experiment
Station

—
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TABLE 1 (continued)

Name

Present position

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Jacinto Figarella

Carlos Lépez Dominguez

Nancy Ortiz Torres

Hamilton Quifiones Rivera

Antonio Reyes Padilla

Awilda Romén de Sandoval

Adriam Romero

Adria Suazo de Delgado

Ederlyna V. Belardo

Alexis M. Estevez

Hugo Gastén Fermepin

Milton Matos Maldonado

RaGl Pérez Escolar

Randolfo E. Rapallini

Saulo J. Rodriguez Ortiz

José Rodriguez Rivera

Research Associate, Agriculture Research
Service, USDA

Professor of Veterinary Medicine, Universidad
Auténoma de Santo Domingo, Dominican Republic

Research Technician, Clinical Applications
Division, PRNC

Agronomist, South Puerto Rico Sugar Corp.

Teacher of industrial education, Puerto Rico
Department of Education

Research Assistant, Radioisotope Applications
Division, PRNC

Public school teacher, Puerto Rico Department
of Education

Instructor, School of Medicine, Universidad
AutSnoma de Santo Domingo, Dominican Republic

Research Assistant, Radioisotope Applications
Division, PRNC

Engineer, Sugarcane Program, Puerto Rico Land
Authority

Doctor of Medicine, Central Military Hospital,
Argentina Army (Had additional training on
clinical applications at PRNC)

Biochemist, San Patricio Veterans Hospital,
San Juan

Associate Soil Scientist, UPR Agricultural
Experiment Station

Chemist, Central Military Hospital, Argentine
Army (Had additional training on clinical
applications at PRNC)

Associate Scientist in Horticulture, UPR
Agricultural Experiment Station

Medical technologist, UPR School of Medicine
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Dr. Malcom Daniels, Associate Scientist, resigned his position at
PRNC to accept a position as professor at Oregon State University,

Dr. Alec Grimison joined the staff in August 1965. He is in charge
of developing a research program that pIOYldes training in advanceq
research techniques on the radiation chem1§tr¥ and photochemistry
of heterocyclic compounds of biochemical 51gn1fica?c?. Part of thig
work is purely experimental, and part involves training in quantyp
mechanical methods, especially as applied to heterocyclic systenms,
Two undergraduate students and one graduate student from the
University of Puerto Rico are participating in this program. A
brief account of their research activities follows:

1. Jhagadish S. Jhaveri (B.S., University of Bombay), research for
an M.S. thesis: Radiation and Photochemical Studies on Heterocyclic
Molecules in Rigid Matrices. This work is in its initial stages,
such as construction of optical Dewars for low temperature irradi-
ations and preliminary experiments on systems studied by other
workers. In view of the probable importance of ionization processes,
theoretical calculations of ionization potentials of the relevant
molecules have been started, with the use of a simple molecular-
orbital method. (See Figure 2.)

Figure 2. Mr. Jhagadish §. Jhaveri, from
student working on his thesis research, us
60 source to irradiate a heterocyclic sy
perature. He is being supervised by a he.
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2. Magda Delpin, undergraduate research: Photochemistry of
Pyrrole in Aqueous Solutions. Since the major reaction of pyrrole
in the presence of oxygen is known to be photooxidation, work has
been started on the purification of pyrrole and on the absorption
spectra of aqueous pyrrole solutions in the presence and absence
of oxygen.

3. Rodulfo Gauthier, research for undergraduate honors program
thesis: Molecular Orbital Calculations on Heterocyclic Ring
Systems. Calculations have been carried out on the simple pyrimi-
dines by the omega-technique modification of the Huckel theory.
Correlation with experimental parameters is being studied, particu-
larly by detailed analysis of the nuclear magnetic resonance
chemical shifts.

Dr. H. H. Szmant is continuing to develop the organic chemistry
research program, with participation by Dr. J. P. A. Castrillén
and collaboration by Dr. E. Roig in some of the projects. This
year the use of radioisotopes as tracers was initiated, and pre-
liminary steps were taken in the study of the effect of gamma
radiation on dimethyl sulfoxide. Participating in thesis research
were eight graduate students, of whom three completed their degree
requirements during the year, and five advanced undergraduate
students. Brief description of the research projects are given
below.

1. Juan José Rigau (M.S. Chemistry, UPR, 1965): Stereochemistry
of Substituted B-Hydroxy Sulfoxides. A series of g-hydroxy
sulfoxides has been prepared for the purpose of investigating
their radiation-protective activity. This series includes several
sulfoxides derived from styrene by the addition of different
thiols in the presence of oxygen, and also some derived from
indene. Among the latter, all four isomers (two cis and two trans)
of the 2-phenylsulfinyl-l-indanols were separated and their
structures differentiated on the basis of their nuclear magnetic
resonance spectra and the differences in their ability to produce
intra- and intermolecular hydrogen bonding. 1In connection with
the study of g-hydroxy sulfoxides, the ultraviolet spectra of
sulfoxides were studied in the hope of being able to distinguish
the different possible electronic excitations in aliphatic and
aromatic sulfoxides. The classification of electronic transitions
has been extended to other families of sulfur compounds as well,
During the work with 2-phenylsulfinyl-l-indanols, a clear-cut case
was found of intramolecular hydrogen bonding involving a sulfide



32

center in the cis isomer of 2-phenylmercapto-l-indanol. Inter
ing differences in the chemical properties of these cis apq trest.
isomers are attributed to the intramolecular hydrogen bondinﬁ%

the former.,

2. Arnaldo Carrasquillo (M.S. Chemistry, UPR, 1965): Organic
Boron Compounds. The chemistry of water-soluble and hydrolysig.
resistant boron compounds for neutron activation therapy 18tming
explored along two lines. First, different orthoborates have beep
prepared in which the boron atom is chelated by a suitably locateq
electron-donor atom. Two of the alkoxy groups form a cyclic
structure, which further increases the stability toward hydrolysis,
Second, in the family of boron compounds derived from diboron, such
as those containing a covalent boron-boron bond, a series of new
cyclic derivatives of diboron has been prepared with different

glycols used as the starting material.

3. Mirta Rom&n (M.S. Chemistry, UPR, 1965) and HipSlito Poussin,
Carmen Ana Rivera, and Marfa de Lourdes Santiago (undergraduate
research students): Solvent Effects in the Wolff-Kishner Reaction.
The long-standing interest in the mechanism of the Wolff-Kishner
reaction overlaps the interest in the properties of dimethyl
sulfoxide, since the latter solvent is capable of reducing
dramatically the high temperature requirement of this reaction.
A detailed study of the effect of dimethyl sulfoxide on the
kinetics of the Wolff-Kishner reaction reveals that the reaction
requires the presence of a hydroxylic solvent; furthermore, it
suggests the nature of the mechanism of the reaction and the
specific role of dimethyl sulfoxide in that mechanism. This
research is being continued in order to elucidate also the
nonlinearity of the Hammett relationship for the Wolff-Kishner
reaction of hydrazones, and the nature of the activated complex.

4. RaGl H. Figueroa (graduate student, UPR Department of
Chemistry): Association of Sulfoxides. The nature of the associa-
tion of sulfoxides is being studied. Self-association of dimethyl
sulfoxide has been demonstrated by infrared spectroscopy, and it
is concluded that up to a concentration of 0.3 M (in carbon
tetrachloride), dimer formation predominates. Since the structure
of the dimer is believed to be cyclic, this implies an agsociation
via dipole interactions involving the fractional positive charge
at the sulfur atom. Confirmation of the existence of electrostatic
attractive forces operating between the sulfur atom of sulfoxides
and electron-donating centers is now being obtained. The



association of sulfoxides (dimethyl, diphenyl, di-p-bromophenyl,
di-p-anisyl, di-p-tolyl, di-p-nitrophenyl) with phenol produces,
in addition to a 1:1 complex, also a complex of one sulfoxide and
two phenol molecules. The structure of the latter is believed
to be cyclic, with the second phenol molecule hydrogen-bonded to
the first, and also held in place through the above-mentioned

dipole-dipole interaction.

5. Luis Bravo Navarrete (Chilean) and Luz Rodriguez (graduate
students, UPR Department of Chemistry): Nucleophilic Substitution
Reactions of Imidates. This project, supported by a National
Institute of Health grant, has as its aim the development of a
novel and versatile method for the replacement of one hydroxyl
group in a polyfunctional alcohol. The synthetic scheme is to
convert the polyfunctional alcohol into the monoimidate by a base-
catalyzed reaction with a suitable nitrile. Subsequently, the
imidate is treated with the conjugate acid of a nucleophile, and
the substitution reaction produces the amide derived from the
original nitrile as well as the desired product. The novelty of
this process consists in the occurrence of the substitution
reaction at the alkoxy carbon atom of the carboxylate system and
the use of an amide as a "leaving group." The feasibility of the
reaction was demonstrated with the formation of iodo, thiocyano,
amino, and arylmercapto derivatives derived from ethylene glycol.
The optimum conditions for the desired reactions are now being
determined for the imidates derived from 2-cyanopyridine, from
ethylene and tri- and tetramethylene glycols, and from glycerol.
There is great interest in applying this reaction scheme to carbo-
hydrates, but so far methyl glucopyranoside has failed to form an
imidate under base-catalyzed conditions. This is attributed to
the relative stability of a chelated hydroxy-substituted alkoxide
ion, which also manifests itself in the relative reluctance of
trimethylene glycol to give the imidate under base-catalyzed
conditions. The structural factors affecting the stability of
hydroxy-substituted alkoxide ions are being investigated because
of the general importance of this phenomenon. (See Figure 3.)

6. Jaime L. Colén (part-time PRNC Research Assistant and graduate
student, UPR Department of Chemistry): Mechanism of Chromic Acid
Oxidation of 1,1-Diarylethanes. It was shown some time ago that
1,1-diarylethanes containing substituents known to stabilize

radicals (nitro, iodo) give, in the course of oxidation by chromic

acid, the normal degradation product, a substituted benzophenone,
and an unexpected degradation product, the substituted benzoic
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Figure 3. Mr.

a g{zduate stud
a C sample in
ment of the
counter.
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acid. Evidence was accumulated to support the hypothesis that the
abnormal degradation is obtained by way of a rearrangement of the
less probable 2,2-diarylethyl radical to the corresponding 1,2-
diarylethyl radical. An alternative explanation for the formation
of the unexpected substituted benzoic acids involves degradation
of one of the substituted benzene rings. In order to differentiate
between these two mechanisms, and possibly to prove the above-
mentioned rearrangement, l,l-diarylethanes labeled with 4c in the
2-position are being synthesized. These hydrocarbons are to be
subjected to oxidation, and the formation of labeled benzoic acids
will be a measure of the rearrangement.

7. Michael Dowman (UPR undergraduate honors program student):
Enzyme Model. It has been found possible to convert a portion of
the carboxylic acid groups in a commercial polymer to amino groups,
and thus to prepare a series of macromolecules containing various
ratios of amino to carboxylic acid functional groups. These
macromolecules are being tested as catalysts for the hydrolysis of
an ester, p-nitrophenyl acetate. It is hoped that this study will
lead to the development of a macromolecular enzyme model.

8. Edgar Rodriguez Méndez (undergraduate student, UPR Department
of Chemistry): The Sulfoxide of Thiaxanthone. It is of interest
to investigate several physical and chemical properties of the
sulfoxide of thiaxanthone, but this compound has not been described
in the literature. The reaction of thiaxanthone with phenyliodoso
acetate was recently shown to produce the desired sulfoxide, and

its physical and chemical properties are being investigated.

9. Marilyn Pérez Arzola (graduate student in biochemistry, UPR
School of Medicine): 355 Exchange Studies. An exchange of sulfur
takes place in triphenylphosphine sulfide at elevated temperatures.
This exchange, as well as the exchange reaction in isothiocyanates,
is being studied via 35g labeling, and it is hoped that the mechanism
of these reactions can be elucidated by using suitably substituted

reagents.

10. Edgar Rodrfguez Méndez (undergraduate student, UPR Department
of Chemistry): Studies of the Mechanism of Sul foxide Reduction by
Triphenylphosphine - Carbon Tetrachloride. It has been shown that
sul foxide reduction by triphenylphosphine can occur by two dis-

tinctly different mechanisms. The first is an acid-catalyzed

process in which the acid-complexed sulfoxide is believed to be
subject to nucleophilic attachment by the phosphorus center. This



reaction follows the Hammett relationship with a negative yalye of
o0» The second process takes place in the presence of carbon
tetrachloride and presumably involves an active intermediate
(ylide) formed by the interaction of triphenylphosphine and carboy
tetrachloride. The details of these mechanisms are being investj.
gated by means of 3601, The reduction of sulfoxides by phosphines
is now being extended to the family of N-sulfinylanilines.






Figure 1. Mr. Randolfo g

Rapallini (Argentina)

conducting a test utilizip
the well counter visible on
the right.

Figure 2. Miss Hilda Pérez
Alvarez (Puerto Rico) working
in the hood during a labora-
tory session.

Figure 3. Dr. Gastém Hugo
Fermepin (Argentina) using a
liquid scintillation counter
to gather data for a clinical
test.

Figure 4. Dr. Leonardo Adachi
Sasaki (Peru) placing a sample
in the well counter during a
laboratory exercise.



CLINICAL RADIOISOTOPE APPLICATIONS DIVISION
Sergio Irizarry, M. D., Head

TRAINING ACTIVITIES

The Clinical Radioisotope Applications Division offers several
training programs for physicians and other types of medical person-
nel in the diagnostic and therapeutic uses of radioisotopes in
humans. A course set up in 1958 on the basic clinical applications
of radioisotopes has been developed into a two-month, full-time
formal training program. A one-semester general orientation course
on the medical applications of radioisotopes is offered every second
year to the medical staff of the University Hospital. A special
program, Advanced Course in Nuclear Medicine: Nephrology, based on
the use of radioisotopes in the study of renal diseases was offered
twice in 1965. A long-term course in clinical research is also
offered for trainees desiring additional experience.

Training is done directly on clinical problems. The lectures,
discussions, audiovisual presentations, laboratory practice, design
of experiments, and examination of patients all form interrelated
parts of the curriculum. To provide the necessary clinical material,
an active training program requires constant access to patients on
whom the various tests to be studied can be carried out. To satisfy
this need, referral of diagnostic problems is welcomed, and all
diagnoses worked up at this laboratory have a fundamental function

in the teaching activity.

Some modifications in the training curriculum are required at times
to best serve the needs of students with different individual back-
grounds and interests. When a student desires a short period of
additional experience in the laboratory in any specified field of
application, this is permitted after a basic formal course is taken.
Several students from various parts of Latin America have made such
requests. The program is flexible enough to allow for extra work

in different fields of interest such as renography, isotope localiza-
tion, and hematology.

A brief description of the courses offered during 1965 follows.

1. Basic Course in Clinical Applications of Radioisotopes. Training
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is given in the clinical uses of radioisotopes in diagnosig and
therapy. This course consists of formal lectures, demonstration8
seminars, roundtable discussions, review of literature, and labor'
tory work. Two techniques are introduced each week, Preceded by :‘
explanation of the theory and medical aspects of the tests, (seetl
Figures 1 to 4.) Participants perform approximately 80 testg durip,
the eight-week period. Procedures include studies of thyroid fun@ﬁ
tion, blood volume and cardiac flow, erythrocyte survival, locatioy
of cancerous metastases, gastrointestinal absorption, and rensj o
hepatic function., Table 1 presents a breakdown of the units of Study

2. Orientation in the Clinical Uses of Radioisotopes. This ig a
one-semester course for medical residents consisting of 18 lecture
hours and 12 hours of demonstration exercises. Essentially, the
same theoretical aspects are covered as in the basic course but
without the intensive training in laboratory procedures.

3. Advanced Course in Nuclear
offered in different medical

cians specializing in the
utilizing radioisotopes.
nephrology.

Unit of Study

s

Thyroid function :
Routine uptake measurem
Assay of radioactive t

hormone levels in blc
Modified tests of thyro

Dynamic functions of the |
renal and vascular syst:

Hematologic applications

Tumor localization studies

Gastrointestinal absorption

Electrolyte and fluid balance

Therapeutic procedures
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4. Informal Courses. These comprise tutorial arrangements made
with participants in the regular courses to extend training in
different areas of isotopic studies and clinical research.

In Table 2 the participants in the courses offered during 1965 are

listed. A numerical tabulation of the professional backgrounds and
countries of origin of the participants in the training program is

presented in Table 3. -

Prospective students from Latin America and Puerto Rico are encour-
aged to apply for financial support when needed and are directed to
various known agencies for this purpose. Among 49 current applicants,
37 indicated a need for financial support to cover living expenses
while training. This stems in large measure from unfavorable mone-
tary exchange rates between Latin American currencies and United
States currency.

The medical services routinely carried on ensure an adequate variety
of clinical material for the training program. Table 4 presents a
numerical analysis of the services rendered during 1965. The clinical
research program is vital to good training - it stimulates new ideas
and engenders an alert approach to the various problems posed by
medical practice. It also serves to attract better teachers. The
correlation of research activities with training is shown in Table 5.

(See Figure 5).

RESEARCH ACTIVITIES

Experimental Demonstration of Exudative Loss of Serum Albumen in
Gastritis. The purpose is to study the degree of albumen loss
through the gastric mucosa after the induction of several types of
experimental gastritis. Three groups of mongrel dogs, each dog
weighing approximately 30 pounds and in good health, were subjected
to three types of experimental gastritis induced by chemical means:
(1) serous type of gastritis induced by exposure to creosote-diol
solution, (2) erosive gastritis induced by Atophan, and (3) papillo-
matous gastritis induced by croton oil. Three dogs were studied
before the experimental induction of gastritis by following the
blood disappearance activity curve of 131I-albumen (biologic half-
life) and its appearance in the gastric juice collected for a
specified period of time, 25 minutes after histamine stimulation on
the fourth day of intravenous administration of labeled albumen,
The same procedure was repeated on these three dogs and on seven
others after the production of gastritis. Blood !3lI-albumen
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TABLE 2
Participants in Courses, 1965
L~
Name, country, and sponsor (if any) Present position
T~

1.

Dec. 7, 1964 to Jan. 29, 1965

Graciela Maytorena Serna, M.D., Mexico

BASIC COURSE IN CLINICAL APPLICATIONS OF RADIOISOTOPES

Visiting Radiotherapist,

1.
(PRNC) PRNC
2. Evelyn Cintrén Ruiz, M.D., P. R. Organizing gadioisotope Lab,,
(Ponce District Hospital) Ponce District Hospital
3. Norman I. Maldonado, M.D., P.-R. Fellow in Hematology
University Hospital

(University Hospital)

Feb, 11 to Nov. 1, 1965

Internal Medicine,
Radioisotopes, Cardiology
Mimiya Hospital, San Juan

4. Frankie Alvarado Norat, M.D., P. R.

March 29 to May 21, 1965

Internal Medicine,

5. Lillian Conde Pérez, M.D., P. R.
San Juan City Hospital

(San Juan City Hospital)

Research Assistant, Radio-
therapy and Cancer Division,

PRNC

6. Arturo Valencia Serna, M.D., Colombia
(PRNC)

7. Adriana Rodrfguez de Calderén, P. R. Research Technician, PRNC

(PRNC)
8. Leila Crespo, P. R. Research Technician, PRNC

(PRNC)

July 6 to Aug. 27, 1965

Trainee, Agricultural Bio-

9. Luis H. Meyer, Ph.D., (Chemist),
Sciences Division, PRNC

Uruguay

Research Assistant, Clinical

10. Pedro Juan Santiago, M.D., P. R.
Applications Division, PRNC

(PRNC)

11. Norma Miranda de Zetestrand, M.D., P.R. Pediatrics and Endocrinology,
(OPR School of Medicine) University Hospital

12. Delia Beatriz Giudici, M.D., Argentina Taking short-term
(PRNC) Radiotherapy Course, PRNC
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TABLE 2 (continued)

Name, country, and sponsor (if any)

Present position

2,

13'

14.

15.

16.

17.

18.

Dec. 6, 1965 to Jan. 28, 1966

Carlos LOpez Domfnguez, M.D., Spain

Hilda Pérez Alvarez (med. technologist),

P. R. (UPR School of Medicine)

Gastén Hugo Fermepin, M.D., Argentina

Randolfo E. Rapallini, (chemist)
Argentina

Leonardo Adachi Sasaki, M.D., Peru

José J. Corcino, M.D., P. R.
(UPR School of Medicine)

Chief, Dept. of Physiology,
Universidad Auténoma de Santo
Domingo

Medical Technologist,
UPR School of Medicine

Chief, Hemotherapy Service,
Hospital Militar Central,
Buenos Aires

Biochemical Technician,
Hospital Militar Central,
Buenos Aires

Assistant, Dept. of Internal
Medicine, Hospital Central de
Empleados, Lima

Fellow in Hematology, UPR
School of Medicine

ORIENTATION IN THE CLINICAL USES OF RADIOISOTOPES

Jan. 13 to May 19, 1965 (all medical students from Puerto Rico)

1. Fernando L. Alvarez Malavé 8. Francisco J. Mufiiz Vdzquez
2. José J. Corcino Blanco 9. Hernin F. Padilla Ramfrez
3. Luis G. de Jesdis Pérez 10. Ibrahim Pérez Lloréns

4. Enrique O. Horta Navarro 11. Alan H. Rapoport

5. Acisclo M. Marxuach Cuétara 12. Pedro O. Santiago Correa
6. Agapito Miranda Rivera 13. Juan Tomasini Flores

7. Mario C. Miranda Torres 14. Francisco X. Veray
ADVANCED COURSE IN NUCLEAR MEDICINE: NEPHROLOGY

June 1 to 11, 1965

Guillermo Castillo Castillo, M.D.,
Venezuela

Sept. 13 to Oct. 8, 1965

Rafael Baquero, M.D., Venezuela

Alberto G. Bonfante, M.D., Argentina

Instituto Diagnéstico,
Caracas, Venezuela

Hospital Central de las
Fuerzas Armadas, Venezuela

Chief, Nephrology Institute,
Modelo Clfnica Médica, Hospi-
tal Rawson, Buenos Aires
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TABLE 3

Number of Trainees

1965

—
All previousg Yearg

TYPE OF STUDENT

M.D.
Chemist
Med. technician

Ancillary medical

Total

ORIGIN

Puerto Rico
Spain
Latin America

Argentina  (4)
Chile

Venezuela (2)
Mexico

Dom. Rep.
Colombia
Bolivia

Uruguay (1)
Peru (L)

Total

[
=N Wb

18

0 M \O

18

)
2)
(3)
3)
(2)
(1)
(1)

——

19

22

22




TABLE 4

Diagnostic and Therapeutic Procedures
Carried Out During 1965

Thyroid studies

Liver studies

Heart studies

Kidney studies
Gastrointestinal studies
Blood studies

Tumor localization
Miscellaneous

Tritium

22Na determinations

Total

3184
183
157
255

60
46
104
66

21

4082
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TABLE 5

Correlation Between Study Units in Training
Program and Current Research Projects

s T

Clinical Applications Study Unit Research Project
—

1. Tests of thyroid function Clinical and laboratory evaluatjop

of thyroid disorders
Evaluation of in vitro tests of
thyroid function for use ag
diagnostic procedures
Study of the effect of anticoncep.
tive_therapy on the 24-hour uptake
of 1311 by thyroid

2. Cardiovascular Cardiovascular studies in diabetjcg

3. Kidney function Renogram followup study in cancer of
the cervix uteri
Combined clinical, renographic, and
scintigraphic studies in kidney
diseases
Renogram studies in diabetics

4. Liver function 131I-rose bengal localization and
dynamic studies: scintigraphy,
hepatogram

5. Gastrointestinal function Effect of radiotherapy on intestinal

absorption of 1 I-labeled fats and
vitamin A in humans
Thyroid gland as an indicator of
intestinal absorption of l3l1-labeled

fats

6. Hematology

7. Tumor localization Instrumentation improvement: combined
x-ray photoscanning unit of gamma
photoradiography

Organ and tumor localization: brain
scannings, others

8. Electrolyte balance and fluid Electrolyte and fluid balance in
EARPREEEALE women under anticonceptive therapy
9. Therapeutic procedures Review of patients treated with 1314

m———
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Figure 5. Faculty ana students, basic course in clinical applica-
tions of radioisotopes. Left to right, Dr. Carlos L6pez Dominguez
(Spain), Miss Hilda Pérez Alvarez (Puerto Rico), Dr. Leonardo Adachi
Sasaki (Peru), Dr. Aldo E. Lanaro, Dr. Sergio Irizarry, Mr. Randolfo
E. Rapallini (Argentina), Dr. Gastén Hugo Fermepin (Argentina), and
Dr. Oscar N. Vdzquez.

disappearance curves were more rapid, and the detected level of
labeled protein exuded into the gastric juice was higher, than in
control animals. Protein loss in gastritis is one of the factors
contributing to protein malnutrition often associated with the
various types of gastritis observed in the clinic. This project has

been completed, and a publication is in press.

Clinical Evaluation of 24- and 48-Hour Thyroid Iodine Accumulation
and Protein-Bound Hormonal 1311 revels. The purpose is to determine
normal and abnormal values for the 24-hour and 48-hour thyroid “°°1
uptake test, and the rate of thyroid hormone synthesis. Patients
referred for routine tests of 24~hour uptake apd tagged protein-
bound hormone blood levels are being studied also at 48 hours.
Records will be reviewed for correlation of clinical data with the
laboratory values obtained to gain information g@e@ssary for de-
fining the values for normal and abnormal function in Puerto Rican
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patients with well-defined pictures of thyroid function, More thay
285 patients have entered the study, but the data have not ye beey

analyzed.

The Evaluation of Thyroid Function in Sprue. Low thyroid functjgy,
is suspected in sprue patients, but this problem has not beep 1nveg,
tigated. Patients with well-defined clinical pictures of gprye ang
with additional supporting clinical and laboratory data for intes.
tinal malabsorption and megaloblastic anemia are being selecteq for
study of thyroid function. First the usual procedure for 24<hoyr
31y uptake will be used, with the 311 given orally; then, regard.
less of the result, the test will be repeated with intravenoug

administration.

131y Therapy of Carcinoma of the Thyroid. The purposes are to offer
palliative therapy to patients with advanced thyroid carcinoma with
pulmonary and skeletal metastasis; to ablate residual thyroid tissue
following partial thyroidectomy for cancer of the thyroid; and to
learn appropriate schedules for treatment and gain a better under-
standing of the management of the disease with the use of internal
emitters. Patients with carcinoma of the thyroid, some with residul
thyroid tissue in the neck after surgical intervention and the ma jor-
ity with evidence of far advanced disease in lungs and bones, are
evaluated for this type of therapy. The Prime requisite is the
detection of foci of metastatic thyroid tumors with ability to con-
centrate 1311, Seven patients have been treated. Four patients with
far advanced disease, each of whom received a single dose of 25
millicuries 1311 died within a period of two years. Three patients
were successfully treated as follows: (1) 13 millicuries were given
for ablation of residual thyroid tissue. (2) 105 millicuries were
given in five doses over two years, with ablation of neck metastasis
and partial resolution of Pulmonary lesions. (3) 125 millicuries
were given in seven doses over one year, with successful remission
of a bone fracture and other foci of functioning tumors. The series
igltoo small to comment upon. However, relatively small amounts of

I were needed to produce good clinical and objective responses
in the last three patients mentioned.

Tapazole Inhibition of Thyroid Function in Hyperthyroid Patients.
The purposes are to study the degree of thyroid function inhibition
by pharmacologic doses of tapazole in hyperthyroid patients; to
determine how frequently the antithyroid effect of the medication
1s partial or unsuccessful; to learn whether so-called clinical
resistance to antithyroid medication is dye to lack of adequate

_pharmacologic drug action on the Patient; and to gain personal



experience with the use of this radioisotopic technique to antici-
pate the clinical response of a patient to antithyroid medication
as demonstrated by Stanley and Astwood in 1948,

Phase I. Patients with documented hyperthyroidism are being studied
by the technique of using potassium thiocyanate to discharge from -
the thyroid gland trapped iodide not yet bound to thyroid

hormone precursor because of the inhibitory effect of antithyroid
medication. Enough patients are to be studied to determine the
criteria of failure of the antithyroid drug successfully to inhibit
hormone synthesis and the rate of incidence of failure in a group of
hyperthyroid patients.

Phase II. A search will be made for hyperthyroid patients with
“"clinical resistance to antithyroid management' to test the hypothesis
that the resistance is due to a pharmacologic failure of the drug in
producing the necessary metabolic blockade to hormone synthesis, or
to discover whether the resistance is due to other factors. A group
of 21 hyperthyroid patients were initially studied by the potassium
thiocyanate discharge test in which the patient is medicated with

40 milligrams tapazole simultaneously with the diagnostic 1311 tracer
dose. A baseline uptake test is done three hours later, followed
immediately by oral administration of 1 gram potassium thiocyanate.
Uptake measurements are then done three times at 30-minute intervals,
to follow the release of free iodide from the thyroid gland into the
blood causing a sharp fall in the activity in the thyroid region.
Comparison of the last uptake, one and a half hoursafter potassium
thiocyanate administration, with the three-hour baseline uptake in
the 21 patients yielded and average level of 15.9 percent, but three
patients showed exceptionally high values (32.1 percent). These
three patients may be considered as demonstrating failure of the
antithyroid drug to supress thyroid hormone synthesis effectively.
For the other 18 patients the average level was 12.9 percent. Of
three other patients in whom refractoriness to antithyroid medica-
tion was clinically suspected, two gave values in the high range
(34.8 percent). Additional observations will be made on patients

in phase II of the study.

Determination of Thyroidal Plasma 1311 Clearance Rates. The purpose
of this study is to test the results of this routine method for the
determination of thyroid function (originally described by Berson
and Yalow). Should it prove advantageous, it would be used at PRNC.
311 is injected intravenously, and one-minute counts are recorded
over the neck during 30 minutes. The ability of the thyroid gland
to clear a volume of plasma of its iodine content per unit time,
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s calculated from the half-hour uptake
¢ 1311 dilution (25 g:rcenﬁ of body
ination is considered to otfer the most gepgj.
::tghfiéexrgﬁstg:tfggine accumulating.CSPSCitY of ;?e thyroid glang,
Since other methods yield values showing conSLderg e oigriap,
particularly in the hypothyroid-eutherLd range, 1; wzu g e CIQHrLy
advantageous to have an assay that would permit a better-defineq

delineation.

as a measure of function, i
data and the iodide space O

£ Activation Analysis to Thyroid Disorders. The Purpose
is to develop a method of determining thyroid fgnction by quantitatjy,
analysis of protein-bound iodine by neutron activation. Blood sampleg
are obtained from patients coming to the laboratory for.routine radio.
isotopic tests of thyroid function, which include thyroid uptake apq
radioactive blood hormone levels. Blood collected is passed through
an ion-exchange resin column and then sent to Mayaguez for activatiop
in the reactor. These samples are then analyzed for the presence of
1311 in the protein fraction. Protein-bound iodine as determined by
activated iodine levels are then correlated with the clinical condi-
tion of the patients and with other radioisotopic measurements,

This method is potentially advantageous, because its sensitivity is
comparable to that of the chemical method for determining protein-

bound iodine. This project is just being started.

Application o

The Renogram in Patients with Carcinoma of the Cervix Uteri. The
purpose is to evaluate the functioning of the urinary tract in pa-
tients with carcinoma of the cervix uteri in the followup period after
radiotherapy in order to detect early changes indicating dysfunction
of urinary drainage before irreversible damage to the renal parenchyms,
so that urogical treatment may be started early. Serial renograms
using 1311-oiodohippuric acid are done at intervals depending on the
stage of the disease; stage I carcinoma is followed up once every

six months, and stage IV every four weeks.

Instr?mentation: Modified Scanner. The scanning equipment has been
?odif1ed by the addition of an x~ray facility to permit collection of
1sotopic data on radiographic film in combination with radiographic
examination of the region under analysis. Isotopic localization in
organs and tumors can be done by double successive exposure of the
same film without moving the patient oy the film. With this adapta-
tion it has b?en possible to obtain combined photo-scintigraphic and
radiographic images. The study of an area by isotopic localization
is enhanced when the final record of the data is presented with the
anatomic background obtained by radiography, Thepmethod has been
particularly useful in elucidating spatial relationships of clinically
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palpable masses in the neck (in the thyroid region) and the thyroid
gland, in the differentiation of masses of vascular and nonvascular

origin in the mediastinum, in brain tumor localization, and so on.
(See Figure 6.)

Figure 6. Dr. Sergio Irizarry (right) &i*
utilized for tumor localization during a

Organ and Tumor Localization. The purpo
and abnormal patterns of distribution ¢
stances, to correlate clinical findings °
patterns, and to seek information appli
and therapy. Isotopic localization is
isotopic scanner with a paper dot print ut
In some instances, a paper dot registratio
image with radiography is obtained. The
examined: thyroid, heart, kidneys, liver, b
thyroid, and spleen, with a variety of labelec
13{I-a1bumen and 203Hg-Chlormerodrin for_ht n
thyroid studies, 13lI-albumen for visuali:
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pool, 1311 _rose bengal for liver and gall bladder, 753e-methion1ne
for pancreas and parathyroid, 203Hg-Chlormerodrin for kidneys, and
Sler for the spleen. Enhanced contrast is obtained with ph°t°BCan
records, and the advantage of radiography strengthens the image

obtained from isotopic localization.

The Value of Scanning in Two Plane Projections in the Evaluatjop of
Thyroid Nodules. The scintigraphic method, either the plain Paper
dot graphic method or the combined gamma photoscan-radiography
(gamma radiography) method, is used to obtain antero-posterior apq
true lateral isotopic images, from which the spatial relation and
isotopic characterization of thyroid nodules can be made with
greater precision. More than 100 thyroid studies have been made
with this technique. The vast majority of nodules examined by the
combined antero-posterior and lateral approach appear to have
decreased activity or no activity compared with the adjacent thyroiq
tissue. This has been well documented with the additional help of
x~-ray localization studies of the soft tissues of the neck in combj-
nation with isotopic mapping of thyroid lesions. An effort is being
made to correlate this with findings at surgery. If present findings
hold true, then the scintigraphic evaluation of thyroid enlargement
by antero-posterior examination will need reappraisal. Preliminary
data suggest that findings by antero-posterior examination alone are
insufficient for isotopic localization of thyroid nodules.

Brain Tumor Localization. The purposes are to evaluate the efficacy
of brain tumor localization by means of isotopic detection by the use
of automatic gamma scintillation scanning and photoscanning, and to
compare the usefulness of different radioactive labeled substances in
detecting tumors. Patients are scanned after the injection of a
suitable material, Neohydrin labeled with 203Hg or 1311-albumen.
After injection, the patient is scanned for two to six hours the
first day in three different positions, frontal and lateral. Lf the
substance used is 13lI-albumen, scans are repeated at daily intervals
for one, two, or three days after injection, if the previous tracings
indicate further study. Whenever possible, the patient undergoes
scans first with one substance and then with the other, and the
findings are compared to assess the advantages of each substance &S
sl.xown in the type of tracings obtained. The brain scanning findings
will be correlated with the results of surgery and other neurosurgic
and neurologic techniques of evaluation. Seven intracranial intracer®
bral tumors documented by surgery were detected by brain scanning pric
to operation. One out of two intracranial extracerebral tumors (pit"
itary chromophobe adenomas) was detected prior to operation. One
extracranial tumor (pharyngeal rhabdomyosarcoma) was not detected



prior to surgery. This is a painless method of brain tumor local-
ization which may provide useful data before surgery. It may also
be of value in guiding radiotherapy treatment when indicated. It
may be the only in vivo method of documenting the disappearance or
recurrence of the lesion after therapy.

2



Figure 1. Periscopic control
of radiation therapy beam for
cancer in the external ear
canal.




RADIOTHERAPY AND CANCER DIVISION
Victor A. Marcial, M. D., Head

During the year 1965 the Radiotherapy and Cancer Division continued
its main activities - education, research, and service in the areas
of radiation therapy and cancer. Education is carried out through
formal programs and courses offered regularly to physicians and
other medical personnel, as described briefly below.

The Radiotherapy Residency Program is designed to prepare qualified
radiation therapists and meets the requirements of the American
Board of Radiology. The trainees are physicians with a year of
internship or equivalent clinical experience. The training period
is three years, but trainees are required to take an additional
fourth year of supervised practice (preceptorship) before admission
to the specialty examinations. Diagnosis of cancer, determination
of extent and radiosensitivity of tumors, selection of appropriate
treatment, and the planning and conducting of radiological therapy
are included in the curriculum. Background in clinical oncology

is imparted to residents through supervised work with new, followup,
and hospitalized cancer patients. Radiation therapy experience is
acquired by working with roentgentherapy machines of various volt-
ages, cobalt teletherapy units, cesium units, and application of
radioactive material such as radium, strontium, cobalt, and iridium.

The special short-term radiotherapy training course is prepared
according to the needs of the individual desiring training.
Participants may engage in research and may participate in all
training activities of the Division, but they are not given
responsibility for patients.

The cancer course for medical students is designed to acquaint
future physicians with clinical problems in cancer and radiation
therapy and with current research in these fields.

The Radiotherapy and Cancer Division continues its collaboration
with the Puerto Rican League Against Cancer by serving as the
Radiotherapy Department of the Dr. I. Gonzilez Martinez Oncologic
Hospital, which is adjacent to the Puerto Rico Nuclear Center
Bio-Medical Building in the Puerto Rico Medical Center. At the
academic level the Division functions as the radiotherapy section
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of the UPR School of Medicine. 1t also works in close associatigy
with the cancer control program of the Commonwealth of Puerto Ricq
Department of Health.

The Radiotherapy Residency Program continued to be the principa]
training activity. Residents learned about clinical cancer and
radiotherapy by rotation through the various sections of this
Division: the PRNC treatment area, Oncologic Hospital treatment
area, radium and in-patient section, and the followup section,
They also rotated through the radiological physics section and the
Department of Pathology of the Oncologic Hospital. 1In addition to
direct patient contact under supervision, residents were given
demonstrations and lectures on cancer and radiotherapy and
participated in seminars.

The regular academic staff of the Radiotherapy and Cancer Division
during 1965 was composed of five fully certified radiotherapists,

a visiting radiotherapist who received certification during the
year, one physicist, an assistant physicist, and a bio-statistician,
The training program was enhanced by the visits of consultants from
other institutions, each of whom spent several days here. They are

listed below.

Maurice Lenz, M.D.
Professor Emeritus of Radiation Therapy, Francis Delafield

Hospital, Columbia University School of Medicine, New York

Gilbert Fletcher, M.D.
Chief, Radiotherapy Department, University of Texas, and

M.D. Anderson Hospital and Tumor Institute, Houston

Henry S. Kaplan, M.D.
Chairman, Radiology Department, Stanford University School

of Medicine, Palo Alto

Michel Ter-Pogossian, Ph.D.
Professor of Radiation Physics, Washington University School
of Medicine, St. Louis

Frank Kelly, M.D.
Radiotherapist, Christie Hospital and Holt Radium Institute,
Manchester, England
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John E. Ultman, M.D.

Assistant Professor of Medicine, Institute of Cancer Research,
College of Physicians and Surgeons, Columbia University,
New York

Additional support for the program was obtained from a National
Cancer Institute training grant through the UPR School of Medicine.
The Residency Review Committee for Radiology, representing the
American Board of Radiology and the Council on Medical Education,
continued approval of the radiology residency program at the
University of Puerto Rico affiliated hospitals, including the

Dr. 1. Gonzflez Martinez Oncologic Hospital, the University
Hospital, and the Veterans Administration Hospital. The radio-
therapy part of this training program is offered at the Radio-
therapy Department of the Oncologic Hospital and the PRNC
Radiotherapy and Cancer Division.

The persons who received training in the programs and courses
offered by this Division are listed in Table 1.

In addition to the regular training program offered, the staff
participated in the teaching programs of other PRNC divisions. A
series of lectures on radiotherapy and cancer was offered to the
third-year class at the UPR School of Medicine. Dr. Antonio Bosch

is directing a special training program for radiotherapy technicianms,
which is being offered under the auspices of the Dr. I. Gonzélez
Martinez Oncologic Hospital with the help of the staff of this
Division. Medical services are listed in Table 2.

Dr. Jeanne Ubifias and Dr. Graciela Serna Maytorena passed the
examination for certification in radiotherapy and nuclear medicine
given by the American Board of Radiology in San Francisco in June.

Dr. Jeanne Ubifias was appointed Director of the cancer control
program of the Puerto Rico Department of Health starting July 1,
1965, replacing Dr. Victor A. Marcial, who resigned as Director
but remains a consultant. She had been Assistant Director the
previous year. Dr. Graciela Serna, from Guadalajara, retur?ed to
Mexico after spending one year here as Vvisiting Radiotherapist.
Dr. Victor A. Marcial continued as one of the ten members of the
Committee for Radiation Therapy Studies sponsored by the'National
Cancer Institute; has been named chairman of the Subcommittee for
the Study of Time-Dose-Fractionation in Radiation Therap¥; was
named Counsellor for Puerto Rico to the Radiological Society of
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TABLE 1 “_—-“\‘\\\\

Radiotherapy and Cancer Division Trainees, 1965

N

RADIOTHERAPY RESIDENCY PROGRAM
Arturo Valencia Serna, M.D., Colombia

January 1, 1963 - December 31, 1965
(Now Radiotherapy Resident, Buffalo General H°sPitan

Felipe N. de JestGs, M.D., P.R.
July 1, 1964 - June 30, 1965
(Now Radiology Resident, University Hospital, san‘hmm

Restituto Alvarez, M.D., P.R.
July 1, 1965 =~

Juan A. Castro Barnés, M.D., P.R.
July 1, 1965 -

Sylvio Antonio Ariztiz&bal, M.D., Colombia
August 2, 1965 -

SPECIAL SHORT-TERM RADIOTHERAPY TRAINING

Delia B. Giudici, M.D., Argentina
September 1, 1965 -

CANCER COURSE FOR MEDICAL STUDENTS

Carl;s R. Baeza Mufiiz, p.R. Angel Luis Rivera Ortiz, P.R.
February 1-28, 1965 October 1-31, 1965
I
Ra;::ihAi-g;rgigégalderén, P.R. Héctor M. Hernéndez Alvarez,nﬁ
? Jan. 2 - Peb. 1; June 1-30, I
é M. ‘
Jbﬁun:'lfgginf9g§rtés, FeR. Fermin C. Miranda Hernéndez, P}
’ August 1-31, 1965
Gilbfrtf gi R§driguez Vélez, Pp.R, Domingo Cordero, P.R
- 9 o No
R S5ty 163 May 3-31; June 1-30, 1965
Luis A. Marrero Torres, P,R. \ p.t
September 1-30, 1965 Fr;:;lgcglM-lgggocq Venturd,
]

o




TABLE 2

Medical Services

Number
of Cases
1. Distribution, by Site, of Cancer Patients
Treated With Radiation, January to December
1965 (New Teletherapy Cases)

Cervix Uteri 161

Breast 68

Ovary 10
Endometrium 16

Female genital, other 3

Pharynx 48

Tongue 29

Floor of mouth 17

Palate 14

Oral cavity, other 17

Lung, bronchus, trachea 17

Larynx 17
Respiratory, other 13
Esophagus 77
Gastrointestinal, other 8
Hodgkin's disease 13
Lymphomas, other 22

Bladder 9
Urinary, other 7

Male genital 6

Brain and nervous system 4
Soft-tissue sarcomas 5

Bone and connective tissue 8

Skin 57

Other 44

Total 690

2. Teletherapy Applications (60Co - x-ray) 19016
3. Curietherapy (90co, radium, iridium) 230
4, Followup 5402
5. Medical Records Handled 3656
6. Clinical Records Coded 366
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North America; and was a member of the Subcommittee for Clinical
Services of the Puerto Rico Medical Center, and Counsellor fo,

Puerto Rico to the Inter-American College of Radiology. pr, Josg
M. Tomé served as a member of the State Examining Board for X-Ra
Technicians and as a member of the Education Commission of the y

Inter-American College of Radiology. Dr. José N. Correa assumeq
direction of the radiobiological research in the Division on

July 1, 1965.

The members of this Division presented scientific papers at medjicg)
meetings in Puerto Rico and at national and international meetingg
These, as well as papers published, are listed in the Appendix,

The research effort was more intense this past year with 14 projec,
under study, of which five were completed. In May a mouse chondrg.
sarcoma was brought from the National Cancer Institute for use ip

in vivo and in vitro radiobiological studies under the direction
of Dr. José& N. Correa. With the new animal house becoming opera-

tive, an increase in radiobiological research was possible,

RESEARCH PROJECTS

l. Evaluation of Radiation Response by Means of Exfoliative
Cytology in Cases With Cancer of the Cervix Treated with Radiation.

The objective of this study, in operation since fiscal 1961, is to
evaluate exfoliative cytology as a tool for determining the
prognosis in cases with carcinoma of the cervix treated with
radiation. The laboratory part of this project has been discon-
tinued in this Division, but the study has continued in collabo-
ration with the Cytology Laboratory of the Puerto Rico Department
of Health. Results of a two-year followup on 244 cases, corre-
lating the presence of tumor cells in the vaginal smear at the end
of irradiation and at one, two, four, six, and twelve months after
therapy, were presented in the Annual Report 1964, page 47. Next
to be analyzed will be the correlation with the prognosis of the
percentage of cells with radiation response in the normal vaginal
epithelium during radiotherapy. The energy and dose of radiatiom
age and menopausal status of the patient, and stage of the diseasé
will be related to three- and five-year survival,

2. Incidence of Leukemia in Patients With Cervical Cancer Treated
With Radiation. This is an international study conducted in
collaboration with the Gynecology Department of the Oncologic
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Hospital and the Department of Pathology of the UPR School of
Medicine. The objective is to determine the risk of developing

that 57,000 person years have been considered and that three cases

in a normal population. Data on a total of 931 patients have been
contributed to this study by PRNC as of December 1965.

3. Fractionation of Weekly Doses in Cancer Patients Subjected to
Irradiation. The objective of this clinical study is to determine
optimal fractionation of weekly tumor doses in patients being
irradiated for cancer. Half the patients are receiving the weekly
dose in three applications and the other half in five. Effect on
the tumor, on survival, and on normal tissue reactions are being
observed. So far, 1033 patients have entered the study, and a
clinical review of the cases with a minimum of one year followup
has shown that three applications per week are as well toleéerated
as five. Better tumor response has been observed with three
applications per week when treating oropharyngeal tumors and

carcinoma of the cervix, stage III.

4. Control Study of the Split-Dose Technique in Radiotherapy of
Cancer. The purpose of this study is to compare the results
obtained by the usual uninterrupted treatment (6000 R in six weeks)
with the results obtained by a similar dose given in two separate
periods (3000 R in two weeks plus two to three weeks' rest plus
3000 R in two weeks). Tumors measuring 5 cm or more, excluding
those in the pelvis and esophagus, are included. Half the cases
are being treated by each technique. Results will be evaluated

in terms of tumor regression, normal tissue reactions, and
curability. From January 1964 to December 1965, 75 patients have

been included in this study.

5. Study of the Optimal Dose to the Tumor in Radiation TheFapy
for Cancer of the Esophagus. This clinical study to determine

the optimal radiation dose to the tumor in the treatment of cancer
of the esophagus began in July 1963. 1In terms of disappearance of
dysphagia and twelve-month survival, it appears thaF 5000 R given
in four weeks gives better results than 6000 R in six weeks. As
of December 1965, 127 patients have been included in this project.

6. Lithium Fluoride Dosimetry in Radiotherapy. The objective of
this study is to test the usefulness of lithium fluoride dosimeters
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in radiation therapy. Measurements in cavities such as the vagina
and in the Rando phantom have been conducted to compare the
Victoreen R-Chamber model 131 and lithium fluoride dosimeters.

The following radiological physics projects have been completed:
(a) studies of the penumbra of the cobalt-60 E1 Dorado 8000-curie
therapy unit at PRNC, and of the cobalt-60 Junior Theratron 3000-
curie unit source and the cesium-137 2200-curie unit source at the
Oncologic Hospital (these included studies of the penumbra extensiop
at the level of the skin and at depths of 2.5, 5, 7.5, and 10 cm);
(b) study of the radiation field homogeneity of the cobalt-60

El Dorado unit; (c) comparative study of two rotational therapy
techniques practiced with the cobalt-60 Junior Theratron unit at
the Oncologic Hospital; (d) study of the dose distribution in
pelvic treatment fields of the 300-kv Maxitron therapy unit at

PRNC.

7. Adjuvants to Surgical Treatment of Breast Cancer. This is a

national project being conducted in collaboration with the Surgical
and Pathology Departments of the Oncologic Hospital, and is described
in the Annual Report 1964, page 47. Data are to be accumulated for
at least five years before final analysis. A total of 47 cases have

been contributed to this project so far.

of the Cervix Uteri in Sterilized Women. The aim of
to analyze the possible relationship between carcinoma
uteri and previous surgical sterilization. It has
been observed that in patients under 50 years of age with carcinoma
of the cervix uteri, 27 percent have been surgically sterilized.

The significance of this finding is being evaluated by comparing
data regarding sterilization taken from a hospital cancer population
with data from a sample of the normal population. The latter data
will be obtained from the Master Health Sample Survey of the Puerto

Rico Department of Health.

8. Carcinoma
this study is
of the cervix

9. Relative Biological Effect (rbe) of Irradiation With X-Rays,
Cobalt-60, and Cesium-137 in Mice. The results of several experi-
ments in which newborn mice were irradiated with cobalt-60 or with
300-kv x rays suggest a greater rbe for the latter, the LDgj with

x rays being approximately half that with cobalt-60. Preliminary
experiments with young adult mice have also been done with 120-kv

x rays and cobalt-60, the results of which are as yet incig lete.
In a recent experiment newborn mice were irradiated with Cs to
establish the LDgg with this type of beam. It would be of interest
to repeat the experiments with 300-kv x rays to confirm the results
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and at the same time to obtain lithiu

i p m fluoride d -
fication. Young adult mice will also be irradiat::izitgytiz ngé
unit and the 300-kv X-ray unit when this can be arranged at th s
Oncologic Hospital, ged at the

The following projects have been completed.

1. Adenocarcinoma of the Cervix Uteri,

study was made to determine whether adenozgi:izzgzozgezﬁzvieitizical
uteri is more radioresistant than epidermoid carcinoma of this
structure. Analysis of data from 76 patients showed that the five-
year survival in this group was no different from that encountered
in cases of epidermoid carcinoma. It is noteworthy that in all
stage 1 cases treated from October 1956 to the end of 1960, the
disease has been controlled with irradiation.

2., Lymphangiography in Cancer Patients. Early in fiscal 1965
lymphangiography was introduced as a method of helping the radio-
therapist localize malignant lesions prior to irradiation, as
described in the Annual Report 1964, page 50. So far, 18 lymphan-
giographic studies have been made, and the technique has proved of
great value in cases with lymphona or carcinoma of the uterine

cervix,

3. Cancer of the Breast and the Role of Radiation Therapy in its
Management. This retrospective clinical study was made to determine
the value of radiation therapy in the management of breast cancer.
Data were analyzed on patients from the Radiotherapy Department of
the Oncologic Hospital with a minimum followup period of five years.
The results were presented at a symposium of the Puerto Rican
Chapter of the American College of Surgeons in February 1965.

4. Orthovoltage Versus Supervoltage in the Treatment of Cancer of
the Uterine Cervix. Carcinoma of the uterine cervix is the most
frequent neoplasm encountered in the Latin American woman. Its
incidence in Puerto Rico has fluctuated between 37.2 and 35.0 per
100,000 women during the past three years. The Oncologic Hospital
in San Juan, which serves approximately two thirds of t?e in?igent
cancer patients in Puerto Rico, managed 334 cases with invasive
cervical cancer from 1958 to 1960; radiotherapy was the treatment

One group was treated with orthovoltage and another

of choice. 0 Tre
esu

with cobalt-60 supervoltage preceding curietherapy.
obtained with these two modalities of treatment have been analyzed.

The group treated with cobalt-60 supervoltage in general fared
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better than the group treated with orthovoltage, particularly tpe
stage III and IV cases. 1In early stage I and II cases the resultg
were similar in the two groups.

5. Carcinoma of the Floor of the Mouth: Review of Clinical
Factors and Results of Treatment. Carcinoma of the floor of the
mouth is the second most frequently encountered cancer of the

oral cavity in Puerto Rico (after carcinoma of the tongue).
Experience with cancer of the floor of the mouth (145 cases) at
the Oncologic Hospital during the 25-year period 1940 through 1964
has been reviewed. An analysis of the incidence and etiologic
factors was included. Results of three- and five-year clinical
control were evaluated according to the stage of the disease and
the different modalities of treatment, including external irradia-
tion alone or with interstitial curietherapy, curietherapy alone,
and surgery with or without irradiation. The highest control rate
was obtained with external radiotherapy combined with interstitial
curietherapy. Cases treated with interstitial iridium-192 were
also included. The complications resulting from treatment were
also analyzed, including their management and probable causative
factors. The final results will be presented at a meeting of the
American Radium Society in Tucson, Arizona, in April 1966.

6. Osteonecrosis. The problem of radionecrosis has been reviewed
by Dr. Graciela Serna, visiting radiotherapist from Mexico. She
has reviewed cases with cancer of the head and neck, breast, and
pelvis who have received irradiation and has noted the cases of
resulting radionecrosis. This complication was encountered in
7.5 percent of 131 cases with lesions of the floor of the mouth,
in three out of 147 patients with breast cancer, and in one out
of 2063 cases with carcinoma of the cervix.

7. Carcinoma of the Cervix Uteri in Pregnancy. The purpose of
this retrospective study was to determine the incidence of carcinomd
of the cervix associated with pregnancy and its optimal management.
In a group of 2736 cases of uterine cancer treated at the Oncologic
Hospital, 66 cases were associated with pregnancy. The optimal
treatment has been determined by reviewing the cases, and the
results were presented at a meeting of the American Radium Society
in New Orleans in April 1965.
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AGRICULTURAL B10-SCIENCES DIVISION
Robert A. Luse, Ph.D., Head

EDUCATION AND TRAINING ACTIVITIES

In order to further the application of nuclear technology in the
agricultural and biological sciences, the Agricultural Bio-Sciences
Division has as one of its functions the training of students in
agricultural research in its broadest sense with emphasis on nuclear
techniques. Students are accepted for training at the undergraduate,
graduate, and postgraduate levels. Division staff hold ad honorum
University appointments.

At the undergraduate level, staff members offer certain general
courses that are necessary for advanced work. 1In 1965 the following
courses were offered:

Biology 253, Biochemistry of the Cell, Dr. A. Maretzki.

Biology 372, Nuclear Techniques in Biological Research, Dr. R. A.
Luse. (Also may be taken for credit toward an M.S. degree.)

In addition, the staff contributed lectures and laboratory sessions
in radioisotope techniques and radiobiology to the Nuclear Center

basic course in radioisotope techniques, to the UPR radiochemistry
course, and to the UPR School of Medicine courses in biochemistry.

At the graduate level, advanced courses are offered, often closely
related to the student's research thesis. Courses given this year

were the following:

Biology 379, Advanced Radiobiology, Dr. R. A. Luse.
Biology 618, Cytogenetics, Dr. F. K. S. Koo.

Biology 699, Thesis Research in Nuclear Biology, Staff.

Five students currently are working toward M.S. degrees in biology
from UPR. Their research topics reflect the broad interests of the

Divigion:
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Radiopasteurization of Mangoes (Mr. J. Cuevas, Puerto Rico)

Synergistic Effects of Chemicals and Gamma Radiation in Prodycg

Chromosome Breaks (Mrs. E. Robles de Irizarry, Puerto Rico), "3

Radiation Inactivation of the Enzyme Polyphenol Oxidase (Mrs. 4,
Garcfa de Fournier, Puerto Rico).

Influence of Ionizing Radiation on Methionine Utilization by E. coly
(Mr. F. E. Rushford, Puerto Rico).

Uptake and Retention of Zinc-65 in Penicillus capitatus and Udotea

flauellum (Mr. Ramos, Puerto Rico; under Dr. Frank Lowman, Head of

the Marine Biology Program).

Four students who completed M.S. degrees under the auspices of the
Agricultural Bio~Sciences Division are now working toward Ph.D.
degree studies in the United States:

Vicente Julio Medina (Uruguay) at University of Georgia, Athens.
Vicente Rodrfguez (El Salvador) at Iowa State University, Ames.

Flavio Padovani (Puerto Rico; M.S., May 1965) at Louisiana State
University, Baton Rouge.

Ariel Lugo (Puerto Rico; M.S. thesis done under Dr. H. T. Odum,
Head of the Rain Forest Project) at University of North Carolina,

Chapel Hill.

It is expected that the flow of students taking M.S. degrees under
the direction of the staff will increase, since M.S. degree programs
have now been established in the Departments of Biology in Rfo
Piedras and in Mayaguez.

At the postgraduate level, research projects designed specifically
to meet the students' needs are offered. During the past year, four
persons have carried out postgraduate (i.e., beyond the M.S. degree)
research with Division staff. In all cases, financial support for
these students was derived from sources other than PRNC.

Mr. Loh Kong, IAEA Fellow from Taiwan, started twelve months' traini

in April 1965 in radioisotope techniques useful in sugarcamne r e
In particular, he has carried out field and pot tests desi desearch.
the nature and extent of nutrient uptake by the sugarcane ngnttzngﬁow
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how soil factors (moisture, PH) affec
. t such tak 1 : q .
These experiments have used the radioisotope:p gpe ang d;ssrlg;glon
] ’ .

Experiment Station.

Dr. R. A. Luse has served on the thesis commi

: 1ttee for Mr. Robert F.
Smith, QRINS Graduate Fellow, since September 1964, Mr. Smith is
compl?tlng a PP.D. thesis to be submitted to the University of
Georgia, covering research which he has done in conjunction with
the Rain Forest Project,

Dr. Shreekant‘N. Deshpande, of the Department of Isotope Technology,
Tuskegee Institute, was an ORINS Summer Research Participant in the
Division from June to September, engaged in biochemical studies of
the softening processes in mangoes following gamma irradiation.

Dr. Luis H. Meyer, a chemical engineer from Uruguay, is spending a
four-month period in this Division starting in November 1965,
studying radioisotope applications in tropical agriculture. This
study involves an introduction to agricultural practices in Puerto
Rico, followed by an intensive research problem, which deals with
the effect of various wetting agents on the foliar uptake by sugar-
cane of 32p-labeled phosphate fertilizers. Foliar application of
fertilizers to sugarcane by aerial spraying is becoming increasingly
common in Puerto Rico and could be of considerable importance to
agronomic practice in Dr. Meyer's home country. Support for this

training was through an OAS fellowship.

A further contribution to the Center's training in biology at the
graduate level has been provided by the Rain Forest Project. Under
the direction of Dr. H. T. Odum, several students have carried out

experiments which are being used to fulfill degree requirements at
universities in the United States: (See Figure 2.)

James T, Holler, for Ph.D., University of North Carolina.

Barbara Bannister, for Ph.D., University of North Carolina.
Robert F. Smith, for Ph. D., University of Georgia.

Peter Murphy, for M.S., Syracuse University.

As i ation in the US AEC International
cpoart of the PRNG participation oo served as scientific

Exhibits Pro ivisi taff members
gram, four Division sta
advigors with the Atoms in Action Exhibit in El Salvador in March
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and April and in Guatemala in August and September, as follows:
Name Place Period Topic
Dr. D. B. Linden El Salvador 2 weeks Food irradiation
Dr. H. D. Graham Guatemala 2 weeks Food irradiation
Dr. R. A. Luse Guatemala 2 weeks Radioisotope applications
El Salvador 4 days Radioisotope applications

Costa Rica 3 days Radioisotope applications

Dr. D. W. Walker El Salvador 3 weeks Insect sterilization

Guatemala 2 weeks Insect sterilization

This opportunity for contact and cooperation with Central American
scientists will assuredly increase the use of nuclear techniques in

Central American agriculture.

RESEARCH ACTIVITIES

The second function of the Agricultural Bio-Sciences Division is to
carry on basic research on problems in tropical agriculture that
can uniquely be studied by nuclear techniques. Division research

falls into four main categories:

1. Radiobotany of Sugarcane. To increase the economic return from
sugarcane (Puerto Rico's most important crop), the induction of plant
mutants with high sucrose content is being done by Dr. R. A. Luse.
Initial experiments to determine the radiosensitivity of seeds and
buds to thermal neutrons produced in the PRNC megawatt reactor were
completed in 1964. Subsequently, thousands of seeds and vegetative
buds have been irradiated, germinated, and planted in the field.
Mass chemical screening for sugar content in the individual plants
produced is being carried out via automated analytical techniques.
Visible mutations such as wider, stiffer leaves indicate that other
favorable characteristics may be induced. Superior mutants will be
propagated and evaluated in the program of the University Agricul-
tural Experiment Station for crop breeding and improvement. Further
details may be found in the Annual Report 1964. (See Figures 3 and 4.)




A similar program concerned with the induction of resistance in
sugarcane to the mosaic virus disease was started this year bY Dr.
F. K. S. Koo. Nearly a thousand plants have been grown from irra.
diated seed, and these will be mass screened by artificial infectjgq,

with the virus. (See Figures 3 and 4.)

2. Radioisotope Studies in Sugarcane. Important studies of both
immediate and long-range application have been made on sugarcane
through the use of radioisotopes. Several field and greenhouse
experiments concerned with agronomic practice are in progress. For
example, the effect of soil factors (pH, density, moisture content)
on the nutrient uptake and utilization of phosphates, sulfates, and
trace elements is being determined. In a second project the
enhancement of foliar absorption of phosphates by wetting agents ig
being measured by Mr. J. Rold4n and Dr. L. H. Meyer. The extent of
2p uptake by sugarcane leaves has been determined in a series of
tests having the experimental variables (a) type of wetting agent
(anionic, nonionic, cationic), (b) concentration of wetting agent,
(c) pPH of applied solution, (d) cation associated with the phosphate,
and (e) time after application. In all cases, there was a consider-
able enhancement of foliar absorption in the presence of the wetting
agent - a fact that has an important bearing on the agronomic
practice of aerial spray application of fertilizers.

Studies of mineral cycling in tropical crops are under way. With
use of 977n, the extent of the following cycle in sugarcane is

being measured:
//////'?LANTN\\\\\\

nutrient reabsorption loss of nutrient via

by roots and transloca- leaf fall and by le h

tion to stem and leaves i Tth eain
ing of leaves with rain
water
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