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Clinical Applications UDivision

STAFF

Sergic Irizarry, M. D., Chief Scientist II, Head; Aldo E. lLanaro,
M. D., Asscciate Scientist IJ; Pedro Juan Santiago, M. D., Asscciate
Scientist I (Part-Time).
RIRPOSE

The main purnpose of the program of this Division is teaching and
training of ILatin American physicians in the diagnostic and therapeutic
uses of radioisotopes in humans.

CURRENT STATUS

Courges Available:

l. Basic Course Clinical Apvlications of Radjoisotopes. This
course congists of formal lectures, demonstrations, periodsg of dig-
cussion and laboratory work. Its main purpese is to emphasize training
in the use of clinical radicisotope techniques.

2. QOrientation Course Clinical Applications of Radiolsotopes for
Medical Regidents. This is a non credit semester course Tor Medical
Regidents degigned for orientaztion only in the medical uses of radio-
isotopes.

3. Ccurse in a Medical Specialty. This is a course emphasizing
the application of nuclear technigques in a gpecial field of Medicine,
A two-week course in the field of Pediatrics will be offered following
the Bagic Course in Clinical Applications of Radioigotopmes in February
and June 1967.

4., Training in Clinical Research., This course stresses research
aspects in Clinical Medicine, and is designed to provide ressarch faci-
lities to trainees interested in c¢llnical radioisctope research work.

Special activities to increage the number of prospective candidates for
the training courses have included several trips to South America by
Dr. Lanarc during which he has visited hospitals, universities and
other institutions and participated in scientific meetings.

als




Many prospective trainees would come to Puerto Rico provided
maintenance expenses could be provided.

Clinical Regearch:

To complement the training program, research projects are active
in the areas indicated:

1. Thyroid disorders

2. Cancer detection

3. Gastrointestinal abgorption

4. Problems of clinical radiation

5. Liver and kidney disorders




Radiotherapy and Cancer Division

STAFT

Victor A. Marcizl, 1l D, Chiel Scientist II, Head; José M. Tomé,
M. Do, Chiel Scientist I Jeanne Ubifasg, M. D., Chier Scientist I
Antonic Bosch, M. D., Chiel Scientist I; iaria P. de Lozano, M. S.,
Research Associate I; Zenaida Frias, . S., Medical Research Statistician.

PURPOSE

The maln purpose of this Divigion is to train physicians and allied
personnel in all asoects of the apslication of nuclear energy to cancer.
A second purpose is to develop and carry out a research program to
impreve our knowledge in the cancer and radiation rfields.

CURRENT STATUS
This Division oiTers two nrograms in Radiotherany Training:

(1) Radiotherany Regidency Program. The cbjective of this
program is to preware qualified radiation therapists. This is an
approved program that Tulfills the requirements of the American Board
of Radiology. Fhysicians with a year's internship or equivalent clinical
experience are accepted for thisg training. The total training pericd
lasts three years, but trainees are required to take an additicnal
fourth year of supervised practice (preceptorship) before admissicn to
the sgpecialty examinations. Trainees acquire a solid background in
clinical cancer throush supervised work with new, follow-up, and
hospitalized cancer patients. They learn to diagnose ithe diszease,
determine the extent of the same, choose the appropriate treatment,
and plan and conduct radiological therapy. Radiation therapy experience
is acquired by working with rcentgentherapy machines of various veoltages
and teletherapy units, which include ccbalt and cesiwm, and with the
application of radicaclive material such as radiunm, strontium, cobalt,
and iridium.

Trainees alsc become rfamiliar with non-radiological cancer
treatment methods, such as surgery and chemotherany. In addition,
they learn cf cancer control activities in Puerto Rico; this includes
the cpem tion of a Central Cancer Registry, tumor clinic work, cancer
detection, and public and professicnal educaticn in cancer.




(2) Snccial Short Term Rodiotherany Training Course.
Special programs are orenared according to the needs of the nerson.
Purticipants may engage in o research nroject and way particinate
in all teaching activitieg of the Radictherapy and Cancer Division:
but are not given nolient ressonsibility.

An additsicnal Craining activiiy 1s ortervec Tfor Fourth
Year Medical Studentes. Selected candidates receive ong wmonth of
intensive in-service training, where they are exposed to cancer and

radiotherany clinical problems.

Experienced radicvtheranigis Trow Latin Anerica are hired
as visiting staff. Thig peruits them to become acquainted with the
work of thisg Divigicn and to carry out research projects.

To complenenl the training wrocrams, s number off research
projects are active in this Division. These include: (1) Investi-
gation of the Role of Surgical Sterilization in the Biiology of
Cancer of the Uterine Cervix; (2) Study o Fracticnation of Weelkly
Radiaticn Doses in Cancer Poticnts Under Radiotherapy: (3} Carcinoma
of the Uterine Cervix Azgociated with Pregnancy: (&) Determination
of Ontimal Tumor-Doge in Radiation Therapy of Cancer of the Esophagus;
(5) Controlled Study of the Split-Dosze Technique in Radiotherapy of
Cancer; (6) Study oi Chromosome Changes in Tatients Undergoing
Radiation Therany for Cancer; (7) Bxfoliative (ytology az ¢ Tool for
Determining Prognosis in Coses with Cervical Corcinoma Subnitted
to Irradiation; (8) Swrgical Adjuvant Breast Project; (9) Study of
the Incidence of Leuliemia in PFatients with Cervical Cancer Treated
with Radiation; (12) Clinical Dose-Time-Fracticnation Relationships.

This Divigion ig collaborating in various rescarch
rrojects conducted by other Divigions of EREC; These are. gstudy o1
thyroid function in natients with neoplagia, tumeor localizetion
studies, gastro-intestinal absgorntion studies, normal and neoplastic
tissue cell-cycle studies, wice L.D.-%C studies, etc.




Agricultural Bio-Sciences Division

STAFY

Robert A. Luge, Th., D., Chicy Scientjst, lwad - José A. Ferrver
Monge, Ih. D., Chiel Scien.igh; Francis K. 5. Koo, Ph. D., Associate
Zientist II; Devid V. Valker, Th. L., Associlate Scientist I1;
threekant N. Deshmande, Ph. D,, Asscciatc Scientist I; José Cuevas,
1. 8., BResearch Agsociste T.

PURPOSE

To train students at the graduate and the nost-praduate level
Tor research in agriculture or biclogy, emrhasizing nmuclesr fechniques.

To carry on continuing basic regearch nrograms which are concerned
with nrobleme in tronical apgriculture that can be wiquely ztudied by
nueclear technigques.

STATUS
I. Education and Training

Eight students currently are working toward M. S. degrees in
biclogy and agriculture--degrees which will be awarded by the
University o Puerlo Rico upon coamnletion of course work and
experimental thesis. In the last five years, several gtudents
have continued on Tor doctoral training in U, S. universities.

In the last year rive rersons have done wost-pgraduate research
in the Divisgion, sunported through IeLlOWSnlps 110m TAEA, ORINS,
CAS, and the Peace Corus. These trainees spend from 1 to 15 months
at PRNC taking courses and/cr marticipating in researclh nrojects.
They then return toc their home country to develon scientific
nrojects there (e.g., in Taiwan, Uruguay, Cuatenala). An additional
JAFA Fellow ig in progcoct,

Divigion stall are currently oirering grsduate level courses at
the University, where they hcld ad honorem appointments, This
academic year courses in fuclear TELhnlun° in Anriculfure, Nuclear
Techniques in Biological Research, and in Cytogenetics (beth campuses)
are being precented.

Divigion stail wembers have served as Secientlific Advisors with the
AEC Exhibit "Atomos en Aceidn” in Bl Salvador and Guatemala in 1965
and in Costa Rica and Nicaragua in 1960, Re-visitation of previous
Exhibit sites permite continued contact and cooperaticn with Central
American scientists.




II. Research

A. Radicbotany oif sugarcane

To increase the cconcric return Troe sugarcane (Puerto Rico's
most imvortant cron), the induction of plant mubants with high sucrose
content iz being attempted. Initial experiments to determine the radio-
sensitivity of seeds and buds to thermel neutiong prcduced in the PRNC
megawatt reactor have been completed., Hubszequently, thousands of scads
and vegetative bude have been irradiated, sgerminated, and planted in
the rield. Masgz chewicel screening Tor sugar content in the individual
nlants produced is being carrvied oult via automated analytical techniques.
Visible wutations such ag wider stirfer leaves indicate that other favor-
able characteristics way be induced. Superior mutanbs will be nrowse-
gated and evaluated in the University Agriculiural Dx-eriment Staticn's
nrogram o1 cron breeding and imarovement.

A similar orvogran concerned with the inducticon of resislance
in sugarcane to the wosaic virus digeace is underway. learly a
thousand nlanls have been grown from irradiated sced znd these are
in preocess  ©i aess screening by artirficial infecticn with the virus.

. Radioisotonec situdiesz in suparcane

o

Important problems of both immedizte and long-range apnlication
have been studied in sugarcane through the use ov radiocol solopes.
Several field and greenhcuze exneriments which deal wilh agronomic
nractice were comnleted thieg year. For examnle, the eiTect or soil
factors (pH, density, moiszture content) on the nutrient uptake and
utilizatiion of phosphates, sulfates, and trace elemenits hae been
determined. Alsc, the enhancement o foliar abscrption of whusnhates
by wetting agents was measured; resultg will be of uize in the aerial
spray anplication o reriilizers to sugarcane, an increasingly more
conmon wractice.

The enzymatic degradation of sucrose in the sugarcane wnlant by
invertase has been the subject o blochemical invegtigation. Factors
which control invertase rormation have been determined by weasuring
the incorworaticn or sdded carbon-14 labeled swine acides into the
protein Traclion of sugarcane merigten tissue. Co-itacters such as
magnesium icn have been Tound cssentlal for thig incormeration; the
protein Tormation ig congiderably reduced by oresence orf sulThydryl
COMPOUNG S.

C. Radiation preservation mansoes

Several exotic tropical vruils have conciderable market
potential if their rinening could be delayed to permit shirment.
To evaluate the preocess of rodiation vnreservation, a series or
experiments were dene, involving 20 varietics of mangoes irradiated
te dirfrerent deses at three different stages of ripening and stored




at post-irradiation temperatures of 50 and T7O°TF. From these studieg
it wag found that 250 Kr. doses of gamna radiation extend the sheli-
life at 50°F by approximately twenty days Tfor certain varieties orf
mangoes. Such results hold promise for the radiation preservation
of this fruit.

Biochemical studies of sof'tening of mangoesg during and following
irradiation also have been carried out by measuring the extent or
depolymerization of the pectic constituents in irradiated rruit.
Sortening was found due both to radiation induced depolymerization of
pectic acids and to the considerable polygalacturanase activity in
the mango.

D. Other projects

Within its structure, the Agricultural Bio-Sciences Division
currently houses three Projects supported through contracts with the
USAEC: Radiation Sterilization of' the Sugarcane Borer, Radiation
Preservation of Tropical Foods, and Rescnance in Radiation EiTects.
While these projects are reported elsewhere, it should be pointed out
that these are an integral part of the Division's program and, in
turn, rely for their senior investigators on Division personnel.




Radioisotope Applications Division

STAFT

k. Harry Szuent, Fu. D., Chiel Scientist 11, Head; Alec Grimiscn,
Ph. D., Assoclate Scientist II (Part-Time); Josa P. A. Casirillén,
Eh. D , Agsociave Sci e Prodopicl 4, Muir, Th., D., Assceiate
Scientict I (Part-T Simpgon, Th, D., Asscciate Scientist
I; Gerardo Molina Vauu Research Angoviate I3 Rena Sntana
de Tirade, 4, 8., Rescay ceiabe I.

Bjective o Lhe rvering of sulvicilent
tvalnln" e soi noin the tl o oFf radicisotopos and
ionizing radiation to the phyglcaL sciences to provide tecknical

competence ror thelr rfubure weork. A second objective is the offering
or introductory training to scientists, irresrective of their Tields
oy interest, in radioisotoves and icnizing radiation as a tackground
or as comvlementary nroparation Cor their poriticipation in other
nrograms of FRUNC.

CURRENT STATUS

Courses with University credit:

1. Radiochemistry Course (Chemistry bS5 - L credit hours)., A
one semester course oii'ered once a year Yor sdvanced undergraduate
and graduate students. Three one-hour lectures and one rfour-hour
laboratory nericd mer veek. A wrox ’

. , L
imate envellment. 4 4o 6.

2. Muclear Techrniques in Biclogical Heseareh (Biolmgy 372 - 4
ceredit hours). A cne-semesier course olTercd ohee o year 1or
atvanced widergraduate studentas. Three one-hour lectures cnd one
hour-hour lahcratory =eriod ner week. Apnroximate enrollment:

L! to 6.

3. Particimation in Graduvate and Undergracuate Research Courses.
Research training in the ficlisz of photoc and radiochemical reactions
and in the applicaticn o rodicigolones to chenical sludier iz orTered
te ostudents vursuing the M. 3. ond B, 3. desrees at the University oy
fuerto Rico. Each student corrieg out an individual research nroject
in accora with the credits Yor which he recilsters in Chemistry 599
and Chemistry 397-34C,

=
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Snecial Training Courses

1. Basic Courge in Radiolsoions Techniques - Four-wvee: course
now beling criered ivur or Tive times 2 year. We have hnd 1 tofal
of 272 narticipants (30 megm rn_) b1g31u1nl O LQL L Americans
The present rate of —erticipants i ot J?ﬁr. (This
course was lncornerabe’l in the curiiculun

Drograms on
Biochewmigtry and microblololy at the U B i &1_JGJ of Medicine as
Biochenmistry and Mutrition “‘“, Y credit hour )
¢. Radiclogicsl Fhvaics - A ciol course oitered tc i, D.
1csiﬁcnta in Radiclory when requezted

MEC CrliMd STRY PROCRAM

PURPOSE

The purpose ol the progros
training in organic chemist e ©
spects,  The nrojects cover o relatively wide ranze of subjects
in order o ofTer s hroad 3 to all mewbers ¢ the groun,
and the diffusion o1 the varied aspects of organic chemistry is
promoted by groun seminarg and discussions.

io Lo provide advanced chewmical
] is on ity nuclear

p4 £

7

CURRENT STATUS

The research topics include the use o 539 in exchange reactions,
the use of tritium, CL=38 and C-1% Tor the determination of reaction
mechanisng, the synthesic o boron compounds of potential use in
neutron actlvation therany, and the gamma radiolysic of dimethyl
sulroxide.

The study of the ganinn radiolysie of dimethvi sulionide ig of
recent origin, hut correlative studles concerncd with the physical
properties or this subslance have been in orogress for rome time.
The horen preject is currently inactive because or the departure
o' the research assistane who was involved in thisz work.

PHOTCCHER T STRY AND RADIATION CHEMISIRY PROGRA:

PURPOGE

The purpose of the wrograrm ig 1o wrovide advanced chemical
training in photochemistry and radiation chewistry, with special
emphasis on the relationz and digtinctions between these. Algo
included are projecto giving lraining in the use of guantum chemical
calculations for evaluation of the experimental results

-0




CURRENT STATUS

The advanced chemical training in this area involves active
participation in the experimental and theoretical projects detailed
under "Matrix Isolation Studies of Products of Cemma Radiolysis of
Heterocyclic Molecules", as well as participation in group seminarsg,

-10-




Nuclear Science and Technology Division

STAFT

Owen H. Wheeley, D. Sc., FPh. D., Chiei Scicntist I, Head (Part-
Time); Eddie Ovtiz, Fu. D., Chier Scientiet I (Ad honorew):; Rev. Ignacic
Centarell, Ph, D., Aszsociate Scientist IT (Part-Time): Julic A. Gonzalo,
Ph. D., Associate Scientiet IT (Part-Time): Florencic Vazguez nartlnoa
Th. D., Aszgociate Scientist IT (PaTL-Llue); Rupert K. Lee, M. Se.,
Research Associate ITI:; J. Elisin Trabal, B. $., Regearch Azsociste T.

SCOPE

The Bivisicn provides trodning und resesrch facilities in Tielde
or chemigtry and phygics related to nuclear science for stwients in
the ¥. 8. degree programs of the Departments o Chemigtry, Phygice and
Fucliear Engineering oi the Universgity of Puerito Rico at Mayaguez.

The Divigion aloo offers ro
pre~ and post-doctoral lovel and
rezearch.

search Tfacilities Tor workers at the
d vthe ghall wembersz carry out indevendent

CURRENT STATUS

FDUCATION AMD TRATNING

Beven graduate ztudents arve carrying out resgearch for their M. S.
degree in chemistry and one in nhysics in the Diviszien. HMewmbers oi
the Division are currently teaching tlirec courses in the Devartments
of Chemisgiry and Phyaics of the University o Tuerto Rico at Mayaguez,
in nuclear physics and chemisziry, radicchamistry, and gelid state
phygics.

Mr. Bupert A. Lec ig ¢ for 2 Fho DL in

radisticn chemistry Trom the

CIEMI 5IRY PROGRAL

The fundamental wuechanimm of {he rodiclysis orf hydrogen chloride
and hydrogen bromide is beins studied, uging both camma radiation
and fission recoll marticles., This study is —art of a concept Tor
the conversion oI vission energy into elecirical eneryy, vis a cycle
involving radiolysis od a hydrogen halide by Zgion Tragments Lo
provide Teed materisl Yor a {fuel cell.

1=




Studies are alsze beling carried out on radiation induced reacticns
or orpanic compounds in esolution, and on the wechanizmn of thermal
rearrangement s uwaing

igotones.

A progrom of research in
the Divigicn of Regearch o
Tinanced by grants fros the
the Synthesis of Thiagtercids (
Radiolysis of Peptides (¢ agsis

wi=aton chenigtry iz now supported Dy
the AEC, 'Iwo other research groups are
Hational Institutes of Hezlth:; cone on

3 assistants) andé the other on the
tants)

THYSICS PROGRARM

Radiation damage in Terrcelectrics is beins invegtisated by means
of hysterceis and dieiectiric studieg, and o wmeasureonents o Sgpacity
and conduclivity., The cffect of teunerature changes to + 103 C in
the region of the Curie teuperature has been studied. The compounds
studied include triglyeine wuliote, and alliali trihydrogen selenites.

Work is being initiated on the Tormation of color centers in
magnesium oxide and alkaii halides, and on Tield emigsion Trom
highly clean surfaces.

Related studics, in conjunction with the Thysics Department,
Univergity of Puerto Rico at Mayaguez {iI. J. Gembers and E. Cruz-Vidal)
are concerned with the efficiency o1 color center Tormaticn in alkali
halides as a function of the cnergy of incident monochrowatic x-rays
near the K aheorntion edpe of the halide.




Nuciear Engineering Division

STAFT

Donald 5, Sagccer, Fu. D., Chief Seientist I Head; Aviva 1,
Gileadi, Pa. D., Chiefr Scientist I; Fhillip ¥, Cgborne, Fh. D.,
Chief Helentist I; Kenneth Soderstrom, M. S. Research Asgociate
11I; Carloe Wheeler, B. 5., Research Associate IT; Erick Méndez
Veray, M. 0. Research Acgociate T,

FURPOZE

The main purpose o the Divigion progrem is to teach, train and
do regearch in the basic sciences and enpineering contributing to
development ci' the usc of nuclear energy. University of Puerto Rico
students in the preopram must be enrolled icr praduate studies and
be accerted in a progran leading toward one of the Mester of Science
degrees in engineering, usuzlly nuclear engineering., Students from
other universities in the United States or in ILotin America may he
accepted for rarticination in research for cowpletion of thegis
requirements. PRNC wnarticipates in the CRINS CGroduste I'e’icwshin
Program for support of U, S. citizens doing thesis research.
There are now 15 students working toward M, S. degrecs in Nuclear
Engineering.

In addition to the primary purpose, the Divigion alsc providegs
speclial non-degree training programs Tor technicians and vor
engineers and scientists,

CURRENT STATUS

The primary eiTort i1z on Lhe educaticnal nrogram in Muclear
Engineering carried out in cooperation with the Depariment:. of
Nuclear Engineering of the College of Engineering. Courses being

taught are:

Core Courses:

1. Elements of MNuclear Engincering., (Mu Bz 605) Four credit
hours. Four lectures ner week. Characteristics of the atomic
nucleus, Radicaclive decay. Interaction of radiation ané matter,
Basic neutronics.

2. Reactor Theory (i BEg 521) Three credit hours. Three
lectures per week. WNeutron balance equaticn. Diifusion theory.
Slowing down theory. Bare homogencous reactor. Reflected reactor.
Heterogeneous reactor. Time dependent reactor. TFerturbation
theory. Transport thecry.

Bl




3. Mathematics of Modern Science I (Fha LG 675) Three credit
hours. Three lectures per week. A more advanced study o’ some
topics covered in Math L79-L76. Complex variables, partiasl
differential equaticig, special Tunctions, transform calculus,

L. IMuclear Measurements and Instrumentation (Fu EG 603) Three
eredit hours. One lecture and twc three-nour laboratories each week.
Frerequisite: Fhys 45G. Characteristics of overation and thorough
familiarization used in the anplication of gpecialized techniques
such as: coincidence and anticoincidence counting, rulse analysis,

neutron epectromeiry, pamma vay spectrometry, ete.

5. Advanced Eeactor Theory (I £ 622) Three credit hours.
ithree lecturcs per week. Prerequisite: Mu Eg 621. Advanced trangport
theory. Reactor Kinetics. Ieterogeneous reactor thecory. Prerequi-
sites: Mu Bg €75, Nu Egz 095, Nu Eg 621, Corequisite: Nu g O76.

6. Mathematics of Modern Science II (Math 676) Three credit
hours., Three lectures rer week, A more advanced gtudy oif some
topics covered in Math. L75-476. Sturw Licuville systems, calculus
of variations, integral equations, tensors, finite differences.

7. Reactor Laboratory {Mu Eg 626) Two credii bours. Two three-
hour laboratories each week. Prerequisite: M Eg 621, lLaboratory
problems involving the maclear reactor.

8. Graduate Seminar (Iu Ex 616) One credit hour. Two hours
per week. Reports and discussions on special topice in Nuclear
Science and Engineering.

9. Nuclear Reactor Technology (Nu Eg 602) Four credii hours.
Three lectures and cne three-hour laboratory demonstration period
each week. Prerequisite: Nu Eg 605 and Nu Bg 621, Steacy-state
and transient thermal conduction in Tuel elements; thermal convecticn
in heat-exchanger desgign; liquid metal systems; breeding and conver-
gion; an introduction to the economicg of reactor opcration; reactor
engineering design problems.

10. Thesis (Mu Eg 699) One +to gix credit hoursz. One to sixn
regearch periods each week. Rescarch in the field or Nuclear
Engineering and nresentation of a thegis.

Supplementary Courses:

1, Nuclear Reactor Metallurgy {(Wu Eg 612) Three credit hours,
Two lectures and one three-hour laboratory each week. Corequisgite:
Mu Eg 601.

An introduction te elementary physical metallurgy of the principal
reactor materials such as aluminum, zirconiwag, uranium, and high
temperature alloyg; mechanical properties; fabrication of nuclear
fuels; radiation damage to reactor components,

1o




2. Introduction to Muclear Engineering (Nu Ep 551) Three credit

hours. This course is oftered Tor advanced undergraduate and non-
nuclear engineering graduate students. Three lectures each week.
Fission and chain reactions, elements or reactor design, utiliza-
tion off nuclear energy vor nower and radiation problems.

Research

The gtaft of the Huclear Bhgineering Division and menbers of
other PRNC Divisions are carrying out rescarch throuzh projects
degigned Tor student participation. Thege include;

1. HMethod ot reactor ghutdown minimizing the aiier shutdown
Xenen peak.

2. HMeasmurement ol the transfer function on the L-77 homogeneous
reactor by the modulation Lechnigue.

3. Btudy of the variation corf the neutron characteristics cccur-
ing during the reactor cperation due to the changes in
igoteopic composition of the core.

4, Effects of irradiaticn on the rracture characterisztics of
plexiglags.

5« Determination of mass Tlow rates in nipes by use of the
nuclear Doppler efTect.

0. Determination of metal to wmetal dirfusion ccerficients by
difTuslen of radioactive muclei.

Y. The effect of nuclear irradiation on the emissivivy or
graphite,

8. Determination or the heat-transfer coeliicient Tor free
convection or ailr hetween vlate-type fuel elenents.

2. Monochromatization of reactor beam-port neutrons by
meltinle critieal angle scatter.




Reactor Division

STAFF

Héctor Darceld, M. S., Chief Scientist I, Head; Richard Brown
Campos, M. 5., Associate Scientist I, Reactor Supervisor; Ernesto
Guerra, B. E. E., Reactor Suvervigor: Six Reactor OUperaters.

PURPOSE

The main objective orf this Division is the operation, maintenance,
and protection of the two PRNC reactors: an L-77 homogeneous reactor
and an A. M. F. pool-type research reactor currently operating at
a one-megawatt power level. The Division staff alsc operates and
maintains pneumatic tubes, hot cells, a gamma irradiation room, fuel
element irradiators, a gamma pool, and all equipment necesgsary for
the operation of these Tfacilities and participates in the training
of reactor operators and supervisors.

STATUS

The Reactor Division supports all other divisions and programs
associated with the Puerto Rico Nuclear Center.

In the pool-type research reactor, two six-inch beam tubes are
being utilized by the neutron diffraction program for two neutron
spectrometers, A shielded room has been built around another
gix-inch beam tube Tor Tuture experiments in biclogy and medicine.

A borated water shutter has been built for this beam tube. A
neutron moncchromator, based on critical angle reflection techniques,
is being built to be installed in a fourth beam tube. The Tifth
beam tube is scheduled for the experiments by Lee on Tission

product radiolysis of hydrogen halides.

Pregently, the one megawatt research reactor is operated on
a sixteen-hours-a-day basis, at a continuous power of one megawatt.
Studies are in progress for an increase of power to two megawatts
and an increase in operation time to twenty-four hours, Tive days
a week. Ultimate plans are to increase the power level to five
megawatts continuous with pulsing capability with peak power of two
thousand megawatts.

The I~77 reactor is used for teaching and experiments suitable

Tor a water boiler homogeneous type of source. An oscillator for
dynamic experiments is being built,
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Heaith Physics Division

STAFF

Peter Paraskevoudakis, Fh. D., Associate Scientist 11, Acting
llead; Pedro Cruz, M. S., Research Associate II; Heidi Pabon, M. 8.,
Associate in Health Physics. and five Health Fhysics Assistants.

SCOTFE

The Division has two general respongibilities: (1) services
associated with radiation and industrial safety, and (2) training
and education.

CURRENT STATUS

In the area of services, Health Physics conducts the following
programs:

1. Personnel Menitoring - This ig the most extensgive program.
Dose assessment mainly by way of sengitive film is provided to
the Nuclear Center, Bonus Power Plant and the Cancer Hospital at
Rio Piedras. During Tiscal year 1966 more than 13,000 film
packets were procesged.

2, Area Monitoring - This program is limited to FRNC controlled
areas and provides inlormation on operation. oif the different
facilities of the installation in their relation to the use of
radicactive material.

3. Envircmmental Surveillance - This program involves the
colleetion and analysis of envirommental samnles such as soil,
water and vegetation beyond the area of the PRNC site.

L, Waste Disposal - The Health Fhysics Division has the respon-
sibility for management and contrecl of radicactive wastes generated
by FPRNC.

>. Radioactive and Non~Radiocactive llazardous Material Handling -
The Division carries out routine inspections and checks to ensure
safe handling of this type of material. Part of the program includes
indoctrination of the personnel using the material in proper sarety
procedures.

6. General Leboratory Safety - This prosram is in essence an
extension of the previous one. Emphasis is given to the supervision
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o1 operations not covered under item 5 such ag comwliance with fire,
electrical conslruction codes, ete. Pericdic ingpections and
indoetrinaticn of personnel lurm an integral parl of this program.

In additicn te these wrograms Health Physice iz in charpe or
superviging and dirccting decontanination operations.

The Division operates two facilities, one For the calibration
or radiation monitoring equimment and the other ror a nuclear
accident dosimetry center based on a dosimeter system originally
developed by Iurst.

In the area o training and education *ht stary participates
in the teaching and training oo students and Stlfl menbers in the
principles and wractice of radiation sarety, This includes

academic courses, seninars and theels research, In cooveration
with the Universzity ou Tuerto Rico, the Division offers a2 curriculum
teading to an i, 8. degree in ilealth Fhysics, This is an approved
program ror the Atomic Energy Commission Shecial Fellawship in
Health Fhysics, A graduate courge in Heulth Fhysics is offered,

Tor students nol specializing in this Tield, with acadenic

ceredit pgranted through the Bicleogy Department of the University

of Puerto Rico in Mayaguez, The Division also carries out research
to support investipations in other divisicns and nrograms,

A recent develovment is the nrovision of dosimetry standards
Tor regearchers throushout PRNC. Using known technigues and
developing new oneg, as needed, Health Thysics provides energy
and dose information for all neutron and pamma ray radiation
Tacilities such ag the reactor beam tubes, pneumatic tubes,
therral column, pool area, the neutron and the gamma irradiation
rooms, the cobalt-00 sources, and other major sources as they
are introduced.
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Medical Sciences and Radiobiology Division

STAFT

Jorge M. Chiriboga, li. D., Assistant Director Tor Scientiric
Programs, Acting Head; Remiro Martinez Silva, M. D., Associate
Scientist Ij Julio I. Coldn, Ph. D., Associate Scientist (Ad honorem);
José Noel Correa, M. D., Agsociate Scientist (Ad honorem); Ivelisse
Rodriruez de Cquende, M. 5., Research Asscciate I; Ana Sylvia Quesada
de Rodriguez, M. S., Research Associate (Ad honorem); Conrado Asenjo,
Fh. D., Chief Scientist (Ad honorem); José A. del Castillo, Fh. D.,
Chief Scientist (Ad honorea): Luis Otero Villaderbd, Ph. D.,
Agsociate Scientist.

PURPOSE

1. To teach and conduct research at difrerent levels within the
iield or Radiation Biclogy.

2. To establish projects which have a bearing on the problems

of Tropical Medicine (Field and Laboratory Studies on the Effects
of Radiation on Host-Parasite Relationshins).
3. To mainbain a tissue culture Tacility to serve as a medium

Tor training and research,

CURRENT STATUS

Training - A four week course in Tissue Culture and Radioisotopic
Techniques at Cellular and Subcellular Level wag offered from
October 17 to November 20, 1966. The Course is desisned to give
emphasis to the basic asnects of tissue culture such as the appli-
cations or this technique to virology, radiocbiclogy, etc. Micro-
autoradiogranhic techniques, chromosomic breparationg, labeling
and liquid secintillation counting of nucleic acids at a cellular
level, and other techniques are included.

Research - Work is beiny done on various research projects.
The following will be a brief resumé of the more important ones:

1. Two cell lines derived Trom a Danish chondrosarcoma are
under study with svecial interest in karyotypes and metabolic
functions., It is hoped that the radiobiological erfects in vivo
and in vitre can be commared.
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2. Dijloid hwman cells are under culture and the effects of
radiation on the aging process are being studied.

3. A group under the direction of Dr. del Castillo is trying
to maintain living muscle cells of Ascaris in the tissue culture
mediwn,

L. ‘The effect of radiation on the host-parasite relationghins
in latent arthropod borne viruses has been started utilizing tissue
culture and host animals.

6. The Schistosomiasis studies conducted in this Division are
renorted in a separate abstract.
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Participation of the Fuerio Kico iuclear Center in the USAEC Atoms
in Action Exhibit in Latin America

STAFF

Fausto J. Murioz Ribadeneira, B. Chk. E, Researci: Associate II,

Program Director; Eugenia P. de Raumirez, Administrative Assistant;
PRNC scientiric staff participates as needed.

PURPOSE

PRNC has been assigned resosonsibility [or conducting a program of
sclentific researc! as part of the USAEC Atoms in aAction Exnibit. Research
Lrojects are selected on the basis of vossible economic interest, the
present status of scientiiic development in tie host countries, similarity
of projects to current PRNC research, and availability of PRNC stail to
serve as consultants. A subsequent [oliow-uy and evaiuation oi the experi-
mental results is carried out by tue PRNC scientists who participate in
the BExhibit.

CURRENT STATUS

The Atoms in Action Exhibit has now visited four Central American
countries. In February and March 1365 the Exhibit visited San Salvador,
El Balvador, and in August and September 1905 the Exhibit was held in
Guatemala City, Guatemala. In February and March 1966 the Exhibit was
in San José, Costa Rica and in October and November 1966 the Exhibit was
in Managua, Nicaragua.

Salvadorean researchers used gaums radiation to determine the mor-
tality sterilization dosages for Leucoptera coffeela, an insect est in
coffee, and Heliothis zez, a cotton and corn vest. Preliminary results
on radiation preservation of shrimp and cantelou.e melons were satisfac-
tory. Genetic studies in beans have shown in the first crop a total
weight increase of 25 ger cent and in rice a stifi'er straw has been
obtained. Gamma radiation also improved coffee flavoer and taste. Four
graduate students of the University carried out thesis research with
exhibit equipment,

In Guatemala entomclogy stuwiles were {ocussed on Tomaszpinas postica,
a citronella and lemon grass plantation insect pest., 1In genetics, the
maximum survival dose for corn was determined. Experiments to cetermine
radiation eifect on coffee flavor and taste, beer, and essential oils




were performed. Researchers from the Central American Iastitute ior
Industry (ICAITI) carried out investigatlions on canned pineapple sterili-
zation by gamma radiation and investicators of tine Nutritional Institute
for Central America and Panama (INCAP) used Incajarina to study the degra-
dation of vegetable protein under gamme radiation. Twelve hundred under-
graduate students voluntarily attended a special program urepared by the
PRNC personnel, and six graduate students of the University of 8an Carles
performed thesis research under the guidance of PRNC lecturin: scienfists.
Salvadorean researchers came to Guatemala to continue genetic studies on
beans and rice and entomolosical studies on Heliothis zea. PRNC personnel
played an important rcele in the denation of the zamma irradiation Tacility
of the exhibit [rom the Regional Office fTor Central America and Panama
Affairs (ROCAP, U. 5. Department of State), tc ICAITI.

The research activities in Costa Rica dealt primarily with agricul-
tural problems with additional topics in the vhysical sciences. Radio-
active tracers were utilized to study organic chemical reacticns.

Projects carried out included work on fish, potato, and coffee pre-
servation by radiation; bean softening by radiation, radiation effects
on corn, rice, and bean seed viability, effects of gamma radiation on
the hysteresis cycle of triglycine sulfate crystals, =Iffects of formic
acld concentration on the Fricke dosimetry system, radiation chemistry of
titanium sulfate solutions in sulfuric acid, and other chemical studies.

In Nicaragua research projects have been started in food preser-

vation using bananas, bean soitening, sorghum seed viability and sorghum
pwenetics. Experiments are alsc being carried out in neutron dynamics.
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Solid State Physics Program

STUDY OF RADIATION DAMAGE IN ORGANIC CRYSTALS
USING ELECTRICAL CONDUCTIVITY

STAFF

Amador Cobas, Ph. D., Associate Director; Shmvel Zvi Weisz, Ph. D.,
Chief Scientist, Alfredc J. Torruella, Ph, D., Associate Scientist (Ad
honorem) ; George M. Simpson, Ph. D., Associate Scientist; Jesis M.
Tharrats, Ph. D., Associate Scientist (Ad honorem); James A. Muir,

Ph. D., Associate Scientist I.

PURPOSE

The effects of radiation on organic crystals is the primary inter-
est in this project. It is felt that such studies on well defined
crystalline structures can provide a firm foundation for a later study
of more complex materials, including those of direct biological interest.
Anthracene has been chosen as the initial material for study because
this substance has been studied more than any other organic material,

CURRENT STATUS

The damage induced by radiation is studied by measuring the changes
in the electrical and optical properties before and after irradiation.
The measurements at present are performed on anthracene single crystals.

The electrical properties are studied by measuring the steady state
and transient current voltage characteristics. By applying an injecting
electrode to the crystals (either highly absorbed light or iodine in a
sodium-iodide solution) the current through the anthracene is space charge
limited. From the transient and steady state behavior of the space charge
limited current (SCLC) - voltage characteristics carrier transport and
trapping properties, such as mobility, trap density, trap depth, trapping
lifetime, and capture cross section can be deduced. In this lab it was
found that the measurement of the SCIC through anthracene is a very sen-
sitive tool for the detection of damage induced by radiation.

Our results indicate that by irrcdiating anthracene crystals with
gamms. Or x-rays, hole traps are introduced in the crystals. The presence
of these traps was detected using steady state space charge limited
current techniques using a NaI-I, solution as the hole injecting electrode.
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From the changes in the steady state space charpe limited current vollage
characteristics for a crvstal beiore and after irradiation the density of
the introduced traps was calculated. The density of these was found tc
vary linearly with the avsorbed radiation dose. The litetime of the
injected free carriers was measured using the transient space charge
limited current technique and the results incdicate that the capture

cross section of these traps for hole trapping is approximately of mole-
cular size.

The current voltage characteristics of irradiated anthracene
crystals were compared with the current voltawe characteristics of
crystals grown Irom irradiated anthracene powder and very little gif-
ference was found. This result indicates thet the dejects introduced
by irradiation are molecular rather than crystalline.

In order to try tc set a better uaderstanding of the nechanism
involved in the space charge limited currents in insulators, which we
use as the detection method in our investigation of radiation damage
in anthracene crystals, a thorough theoretical study of injection of
carriers into insulators has been done. Solutions for the time depen-
dence of the current have been obtained for the case where the ressrvoir
of the free carriers at the injecting electrode is time devendent. In
this analysis the transient space charge limited current, where the
carrier density at the reservoir is infinite and constant in time, be-
comes a special case of the problem.

The optical properties are studied by measuring the radiation
induced changes in absorption spectrum, in instantaneous fluorescences,
and in delayed fluocrescence. The delayed fluorescence is measured in
scintillation_grade gnthracene crystals. They are exposed to radiation
doses from 10< to 10® R. The excitation is by a high intensity red flash.
The triplet excitons are produced by direct absoryvtion in the triplet
band and the singlet excitons are produced by two photon absorption
and by triplet-trivlet annihilation. The temporal response of the blue
emission is continucusly monitored both duriny and subseguent to the
excitation., Gamma radiation creates centers in the crystal that guench
the singlets and the triplets. The centers are paramagnetic and reduce
the lifetime of the triplets, however, they do not affect the nimolecular
triplet interaction rate constant. The density of the triplet quenching
centers induced by one rcoentgen corres.onds to the density of the hole
traps measured by the s.c.l.c. method. By calculating the density of the
singlet quenching centers using the value of the bimolecular singlet inter-
action rate constant obtained from photoconductive measurements, it is
found that this density is larger by three orders of magnitude than the
density of the trinlet quenching centers., Measurements are in progress
to determine the bimolecular singlet interaction rate constant by
optical methods. These measurements will permit determining the yield
by which free carriers ave produced in the singlet-singlet annihilation
process.




By use of multiple techniques an individual single crystal of
anthracene can be used as a wide range dosimeter,;, {riglet-triplet
annihilation in the range 102 to IOhR, space-charge limited current
in _the range 103 to lDGR, fluorescence quenching in the range 102 to
10%R, and absorvtion suectroscopy above 107R,
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iNeutron Diffraction Program

STAFF

Mortimer I. Kay, Ph. D., Chief Scientist I, Principal Investigator;
Seymour F. Kaplan, Ph. D., Associate Scientist IT; Robert Kleinberg,
Ph. D., Associate Scientist II; Ismael Almodévar, FPh. D., Associate
Scientist II (part-time).

PURPOSE

The Neutron Diffraction Program is concerned with ideal and imperfect
arrangements of atomic nuclear and magrnetic spin systems in solids. Of
particular interest to the program are magnetic structures of inorganic
salts and the determination of the role of hydrogen in structures having
important physical and chemical properties.

CURRENT STATUS

In collaboration with Dr. K. Okada, who returned to Japan in August
after a two-year stay at PRNC, the hydrogen positions in copper formate
tetrahydrate have been determined at room temperature and some electrical
measurements made on the compound in the vicinity of the phase transition
at -40°C. Since antiferroelectricity was discovered, future work will
consist of determining atomic positions in the presence of an electrice
field with the objective of demonstrating the atomistic basis for the
electrical properties.

Manganous formate dihydrate has been studied and the hydrogen positions
determined. A comparison of the disordered tetrahydrate with the dihydrate
structure shows clearly the reason for the greater stabllity of the latter.

Dr. D. T. Cromer spent a year at PRNC on leave from Los Alamos
Scientific Laboratory. While he was here, data was collected on the three
types of alums A*B+3(80q)2.12H20. The combination of PRNC neutron data
with LASL x-ray data has lead fo a complete elucidation of the w, B, and
Y alum structures. The role of +1 cation size, hydrogen bonding, and disorder
on the structure has been elucidatead. Interesting non-harmonic thermal
motions have been noted.

Neutron diffraction data was combined with X-ray diffraction data
taken by Cksya and Stemple at IBM to produce a refined structure of
d-tartaric acid,
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Hot-atom Chemistry Frogram

STAFF

Owen H. Wheeler, D. Sc., Ph. D. Chief Scientist I, Principal
Investigator, Carmen L. Gonzadlez, M.S., Research Associate I.

SCOPE

The mechanism of the formation of radicactive groducts in the
neutron activation of organo-metallic compounds containing carbon-
metal bonds is being investigated. Studies include work with short
half-1ife isotopes.

CURRENT STATUS

Studies have been comgleted on triphenylphosphone and its oxide
and on tetra henylphosphoniun chloride, and also on diphenyl sulfide,
sulfoxide and sulfone. Other work on cobaltocene and nickelocene has
been completed and several publications are veing prepared.

Research in progress covers studies on similar compounds of mer-
cury, thallium, icdine, selenium, bismuth and tin. The effect of

radical scavengers is being studied.

A gas-chromategraphic counting system is being constructed for
vapor phase studies.
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Tervestrial Ecology Frogram, Fartl
The Rain Forest

STAFF

Jerry R. Kline, Ph.D., Chief Scientist I, Frincipal Investigator;
Carl F. Jorcdan, Ph. D., Associate Scientist I George Drewry, M. A.,
Assoclate Scientist I, and visiting investigators.

PURPOSE

(1} To study effects of samma irradistion from 10,000 Curies
Cesium on the Rain Forest system at EL Verde.

(2) To study some mineral cycles of the rain-forest in relaticn
to fell-cut, atomic excavation, and plant nutrition,

(3) Tc characterize the circuits and metasolic energy pulses cf a
complex terrestrial ecological system so as to understand the consequence
of irradiation and fallcul storage,

CURRENT STATUS
A. Radialtion Effects Studies

The Rain TForest Project at El Verde involves irradiation of a plot
of lower montane forest with gamma radiation from a 10,000 Curies Cesium
source. Aiter 15 months of pre-irradiation studies and preparations at
the radiation and concrel areas, irradiation began January 13, 1665. The
main site was irradiated for 3 mont.s, toe innermost zones receiving one
million K. Post irradiation measurements are in progress showing effects
of radiation according to dosage received, according to species, and ac-
cording to various categories of ecological and cytological structure and
function. Data emerging provide some factual basis for vredicting effects
of radiation on rainforests and t.e rates of regeneration of the Yiving
system.

B. Recovery and Succession Studies

The radiation center is now in an active process of recovery Irom the
effects of t e gamma radiation. Studies are in progress to document the
invasion of tie area by new plants and to observe tie recovery of old
damaged plants. Tue radiation center has been subdivided into a grid of
one meter squares whicihi are being studied individually for the occurrence
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of new »lants and their rates of growth. Such studies will be repeated

at regular intervals and the information gained will be used 1o construct

a series of maps which will show a continuous record of the changes which
ocecur during the rccovery stage. Another - thod of documentation of the
recovery process involves photographic compariscis of the irradiated area
with other areas in the forest vhicl. rave beon damaged. Observations of
this type indicat: that Sz chavactar of Tecovery in tlhe irradiated area

is no different frcm th 5 in crcag of taz forzst which have had catastrophic
demage from cutting or herbicides,

C. UHineral Zycle:

Quantititive: underrtanding of i minnrcl tircuits through tropical
systems is cssentiz) to under Landin: of +lie nature of cuch machinery,
the soils, znd the ways such systews may wrccess radicactivity entering
in relation to AL . relsted activitias. Undorstending nireral cycling
will be the primary objective r of r..w mecsurements in the rain forest
project.

™

1. Radionuclide Eslance in the Nain Toregt

The cxperience of investigators in the L2mperate zones indicates
that a substantial proportion ol firson =roduct: fourd in riant communities
is in the Tovm of szurfa<. contaminacion on leaves and that only a minor
part of these isotopes =ver enter thy metnbolic o thwavs of th: plants.
Nevertheless, such observations at I'L Verc: as tle exteasive curface root
development, and root iisasion of orgmnic litter ~nd logs suggests that
this Torest might be well adaptad to the corservation of minerals by
maintaining them in reascnably closed cycles, This visw is reinforced
by preliminery obsarvotions of coils which indicate low levele of Tission
proeducts while the decaying litter at the soil surface contains a large
amount of radioactive isotopes., 2n experiment in progress was designed
to test whether fall-cut isotopes were recycled from the forest floor
through roots into understory plents., In this experiment 13%Cs, Shun,
and ©5Sr were sprayed in corrier free aquecus solution directly on the
forest {loor. The ruosults after one year indicate that most of the
original radionctivity remained where it was first placed and much of
the original organic litter was still highly radiocactive. The rate of
uptake of the isotopes by the undorstory trees was zluost unde tectably slow.

2. Eiitect of G Trradistion on Fission Product Retention by
Forest Trees

Samples were takon before and after the irradiction from forest
trees in the irradiated control centers. leasurement of Cs-137 and
Mn-54 in these samples oy gamma-ray spectromelry indicated no detectable
effect of irradiation on the leaching of these elements in the forest
system by rain water.
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3. HNeutron Irradiation Studies

Thermal neutron irradiations of soils from various points in
Puerto Rico and from Panama have beer carriel out. The most prominent
isotopes which can be observed in these scils regardless of origin are:
S59Pe, Ll6ScJ EuNa, 56Mn, and 123gn. Samples of plant ash are also being
prepared {or study by thermal neutron irradistion.

Plans have been ccmpleted and eguipment constructed for an
attempt to carry out f.st neutvon activation studies of soils and
plants utilizing a specizl nuclear reacwnion which may generate fast
(Lhbev) neutrons in the presence ol thermal neutrons.

b, Natural Radleactivity in the Enviromment
Preliminary surveys of scil srecimens from various locations
in Puerto Rico have revealed certain sites of unusually hizh levels of
radium daughters. These sites which contain a ractor of 5 mors natural
radicactivity than the El Verde site may be of considerable value in
future studies oi' the behavior ol radiocisotopes of the Uranium decay
series 1n natural envirorments.

A suggested preliminary use for these sites is to study the
possibility of radon {ranspiration by plant by examining wood from
the trees of these locations for equilibriws mixtures of lead-210
and nolonium-210.

5. Radioisotope Persistence in the Rain Forest

The radionuclides lhlice, 92r-95N0, SMiln, and 137Cs were

observed to have extremely high persistence in the tronical forest at

El Verde. Measurements made on samples collected “rom the forest on a
monthly basis indicated that the rate of removal of the above nuclides From
the forest system was controlled primarily by the physical hall life of the
nuclide and that a biological half iife could not be experimencally defined.
Such measurements were made at a time when the input of nuclides into

the forest was neglizibly small. They were interrupted by the arrival

of fresh nuclear debris between 11 and 24 days after the Chinese atmos-
pheric weapons test of May 1965. The sampling program is continuing.

D. Circuits and Metabolism

A special PRIC vroposal was prepared outlining an electrical analog
circuit that mighl be prevared if suthorized and budgeted. The system on
the passive principle allows for flows in 30 compartments for which there
are data available to set storage constants and rates. This swstem is
under construction at the University of North Carolina by Howard T. Odum
who 1s a consultant to the project.




The giant cylinder experiment was used to orovide water tudget
and carbon metabelism data on the rain forest. The water budget
data was ol particular interest Tor predictions of the fate of tritium
in a tropical forest since this isotope is likely to be produced in
large quantities by nuclear excavations. Attempts are beinz made to
use the giant cylinder to study an annual cycle of metabolism and
water use in the forest.
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f.oring Biology Program

STAFF

Frank G. Lowman, fh. D., Chief Scientist II, Program Director;
Donaid X. Phelps, Ph. D., Chief Scientist I: Robert Y. Ting, Ph. D.,
Assoclate Scientist I; John H, Martin, Ph. D., Associate Scientist I3
and Ratl McClin, M. S., Research Associate I.

PURPOSE

The Marine Biology Program at the Fuerto Rico Nuclear Center was
started in January 1962 and is composed of six major research projects
and supporting areas oi research all of which are interrelated into an
integrated research activity.

The program was designed to provide measurements of the 4istribu-
tion and movement of trace eleuments in restricted but complets ecoclogical
and biogeochemical systems. The ressarch includes investigation of the
lithosphere and the marine bio-and hydrospheres. Specifically, the
distributions and movements of selected trace elements are being followed
from the rocks, minerals and scils of three river water sheds into the
river waters, organisms and sediments, thence into the marine water at
depths and distances off shore, through the marine biosphere and into
the marine sediments.

CURRENT STATUS

In order to obtain information on the interactions of the marine
biosphere and hydrosphere, measurements are being made to determine the
influences of biclogical productivity, biclogzical half-lives of tracs
elements, food webs, characteristics of trophic levels, and physical
and chemical oceancgraphic factors upon the distribution of trace
elements in the marine waters oft shore from the west coast o Puerto
Rico. The effects of shysical and chemical oceanographic conditions
upon the distribution of organisus are being studied, with special
emphasis on observations of the effects of varying amounts of mineral-
rich silt upon the distribution patterns of merine organisms,

The research projects ineclude: (1) Measurements of Biological
Productivity, (2) Analysis for selected trace elements, (3) Measure-
ments of concentration factors of selected organisms for given radio-
isotopes, (L) Measurements of radicactivity and radioisctopes now
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present in the marine organisms, waters and sediments off the west coast
of Puerto Rico, (5) Background measurements in physical and cremical
oceanography, and (€) Distribution of rare earths in the Afasco System.

Supperting areas of research include investigations of the effects
of interactions of river and sea water upon the precipitation of trace
clements in estuarine enviromaents, chemical and physical characteristics
of marine sediments deposited from three rivers which drain water sheds
containing limestone, serpentine or rocks of volcanic crigin, the
characteristics of variability in trace element content of poruwlations of
organisms {rcw & given environment, and the developnent of methods for
analyzing trace elements in a variety of sample types.
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Estuarine and marine Ecology Study - Specific Activity Approach

STAFF

Frank G, Lowman, Ph. D., Chief Scientist II, Program Director;
Donald J. P. Swift, Ph. D., Associate Scientist I; Ra(l McClin, M.3.,
Research Associate I; Henry Besselievre, Research Associate III; plus
technical starf.

PURPOSE

The program is part of a feasibility study for a sea-level isthmian
canal in Central America under the management of Battelle Memorial
Institute and is desizned to develop and carry out investigzations of
stable element distributions throughout the marine and estuarine
enviromments in the Darien area of Panama including the Gulf of Panama
and the waters off the continental shelf in the Caribbean Sea Trom
Punta Mosquito, Panama to Barranquilla, Colombia. The degree of potential
hazard to man throuzh contamination of these enviromments by radionuclides
may then bhe predicted from these data.

CURRENT STATUS

This progran 1s an extension of the Marine Biology Program at PRNC
which is supported by the Environmental Sciences Branch of the USAEC
Division of Biology and Medicine. A unique feature of the program is
the "specific activity" approach-- a vrocedure of sampling and analysis
which holds nromise of successiul application to marine contamination
problems. This method i1s based upon two premises:

1. That the distribuiion patterns of biologically-available stable
elements in the organisms and their environment may be used to
predict approximately the distribution satterns of introduced
radicisctopes of the sane elements.

2. That if the specific activities ( Ci of radioisotope/gram of
corresponding stable element or carrier element) in the estuarine
or marine environment are maintained below the allowable gpecific
activities for radioisotopes in the human body, then no indivi-
dual can obtain greater than the allowable amount of radioactivity
from food derived from these sources.
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On the basis of the preliminary assessment of botentially critical
radionuclides a field collection program has been develcoped and two
research vessels with an eizht man operating crew and seven scientific
investigators will be sent to Panama in regruary 1007, The field teanm
will remain in the Panama area for three wmonths making the ccllections
which will include soils, river waters, sediments and organisms, marine
water and sediments, =znd marine organiams including molluscs, plankton,
seston, crustacea, and fish. At the end of the first three-month survey,
which will be conducted during the "dry" season, the research vessel
"Shimada" will return to Puerto Rico. In August the collections for the
“rainy” season will be mude in Panama. The "Shimada" and the crews will
return to the site at that time.

Stable element analysis for 10 elements will be done on approximately
1250 samples in the Mayaguez laboratory. The distribution natterns of the
stable elements {or which corresponding potentially dangercus radiolsotopes
may occur, will be determined. From these data the expected specific
activities in human food items may be caleulated and compared with those
published in radioleogical safety guides and regulations.
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Schistosomiasis Froject

EFFECT OF IRRADIATION ON HOST-PARASITE RELATIONSHIP
IN SCHISTOSCMA MANSONI

STAFF

Jorge Chiriboga;, M. D., Assistant Director for Scientific Programs,
Acting Program Director; Julio I, Coldn, Ph. D., Associate Scientist
(ad honorem); Ramiro Martinez Silva, M. D., Associate Scientist.

SCOPE

Schistosomiasis is a worldwide parasitic disease with a complex life
¢ycle for which there is not yet a known method of control. This project
attempts to use all methods available through atomic energy to learn the
basic mechanisms of the individual phases of the life cycle with the ulti-
mate objective of finding a way to break the cycle. The principal aspects
of this program may be divided into two: effects on the relationship
between mice and Schistosoma mansoni, and effects on the relationship
between snails and Schistosoma mansoni. One of the goals in the first
part is to develop an effective vaccine with the mice which could later
be used for man and one of the goals of the second part is to effect a
mutation in the snail host that would lead to a generation of snails immune
to the parasite,

CURRENT STATUS

A method of assessing the degree of infection which is based on the
number of S. mansoni ova which can be recovered from the feces of infected
mice, using standardized observation procedures has been demonstrated.

The optimum amount of radiation for cercarial expeosure, to induce the
greatest degree of resistance to challenge, has been determined with this
method. An analysis of these results show that the degree of variability
is very high. A new method for determination of this parameter utilizing
whole body radiation of the mouse is now under study. Preliminary results
indicate that this method can be used for the following:

a. determination of the optimal number of cercariae for immunization
b. determination of a different schedule for immunization.

Preliminary studies to determine the ID-50 of the snail Australorbis
glabratus, show that the value is in the range of 10,000-100,000R.
Experiments are underway to learn about the effects of radiation on the
development of snail embryos, to perfect the LD-50 determination, and
to attempt to produce snail mutants.
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T 2 R ¥ r~ 4
ougarcane sorer frograim
Induced Sterility fer Population Control of
the Sugarcane Borer (Diatraes
saccharalis) in Puerto Rico

STAFF

David W. VWalker, Ph. D., Associate Sciesntist I1, Principal Investizator,

PURPOSE

This programn was begun in 1903 to determine the votential for control
by radiation sterilization of the cugarcane borer (Diatroes saccharaiisz)

(Fab.), Crambidae, Lepidovtera), and to ctudy the biohomics 5T TAI: species
as 1t relates to a mass-release prosran.

STATUS

Gamma radiation doseg suitable for sterilization of the sugarcane borer
have been determined. Adults are sterilized at 35 ¥ilorad doses without
affecting their life-span, oviposition rate, or mating behavior, Immature
stages are much more radiosensitive, with 9 Kilorad causing over 304
lethality.

Factors involved in the mass-rearing of the Puerto Rican strain of
this species have been studied. These include the following:

1. Artificial diet: vigorous adults of high Tertility cen be produced
on a diet containing carrot cowder, liquid corn stalk extract, corn stalk
fiber, ascorbic acid, agar, casein, sodiua benzoate and methyl parahydroxy-
benzoate. Survival on this diet is eighty per cent or higher, and adequate
numbers are being produced to conduct small-scale field teste. Asguming
fifty per cent survival, food cost is approximately one-fTifthk of a cent
wer adult.

2. Optiwum rearing conditions: Light, tenperature, and humidity are
controlled during laboratory rearing. Under these conditions six days is
required for egg maturation; thirty fays tor larval develconment, and seven
to eight days for pupation. Adulls produced from this diet live longer and
produce more viable eggs Lhan comparable individuale ZYOWn on sugarcane
and other hest plants., Eggs are collected daily and arc placed on the food
immediately tefore hatching. DPupae are reuove:l [rom the food as they form.
Sex is deterumined in the pupal staze. Adults are collected as they emerge
from the pupal case.
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3. Mating conditions Hating takes place in the dark (less than 1
lumen) and is initiabted by tewperature reductior and licht dacrease.
bales are atiracted to females hy o sen attractant and by the speciflic wing
beal frequency. Uated remales begin laying lertile egys witain one hour
after mating, Feal ovi_osition cccurs on the second ang Tourth dayvs alter
mating. Three hundred Tifty eg:s are laid cer Temale (averaze) and undey
nermal cenditions ez hateh 15 one hundred ver cent from fertilized femalcs
except durlng: the seriod vrom December to March.

A large lleld cage has been constructel to permit determination of
posulation decline under [ield conditions using corn as the host plant.
Corn »planted in the came hag been infested by 2 lknown number o1 normal
adults collected from nature. Pooulation overt’looding by irradiated males
and/or females hag been done to mezsure wepulation reduction.  Larval
populationsare measured by direct visual observation of larval tunnels

in stalks, and adult male population is determined by trapping at night
during nuptial {light.

\

- ho .




Kesonance in kadiation Frogram

Henry J. Gomvers, Ph. D., Denuty Director and Rohert A, Luse, Ph. D,,
Chief Scientist (part time), Principal Investigators, Francis K.5. Koo,
Ph. D.; Florencic Vazguez, Ph. D.: and Peter Paraskevoudaliis, Fh. D.,

Associate Scientists (all part time).

PURFOSE

To answer the question '"What ure scme of the unique efiects of ionizing
radiation on matter?” Tc thi: end, the project has studied x-radiation
effects in the 5 to 20 Kev eneryy range upon biclogical systems. This
energy region ls of considerable importance since it contains the
K-absorption edzes of the constituent atoms of most living systems.

STATUS

Evaluation continues of the hypothesis that radiation damage in a
molecule can be a function of the site at which the photon is initially
absorbed. It is postulated that absorption of an “Z=ray whoton in the
K shell of an atom will produce = highly lonized atem and that the high
state of ionization will lead to majer disrustion ol the molecule at the
site of photon absorption.

Using monochromatic x-rays, biological moleculcs were irradiated at
energies above and below the K-absorption edre of selected target atoms.
Damage was judged on the basis of effect observeq ver unit energy absorbed,
or per photon absorbed, in the molecular system. Experiments in the energy
range 6.4 to 8.3 Kev have shown increased inacbivation of the metalloenzyme
cataiase at or near the K-absorption edge of iron (7.11 Kev), which is
located ait the active site of this enzyme. In another biclozical systen,
chromosomes in onion root t1p cells treated with 5 bromodeoxyuridine have
exhibited an increase ir brealages caused by mencchromatic x-rays at choton
energies eqgual to or slightly greater than the K-absorption adge of bromine
(13.48 Kev). 1In contrast, there is no such effect in cells containing no
added BUDH. Hence, in these two iammortant types of melecule-~-cnzyme and
nucleic acid-~ it has been shown that the efTiclency ol damage nroduction
1s a sensitive function ol the photon energy. The signifiicance ot this
Tinding in more complex biological systems (baccerial cells, Hela cells)
is at present being exulored.
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Current project activity has been directed to several biological
systems in an attempt to find optimal systems for demonstrating the
Resonance phencmenon. At this point, the effect has been shown in both
the metalloenzyme catalase and BUDR-labeled chromosomes. Efforts now
will be directed to developing mechanisms of the effect based on more
quantitative studies. Initially this will involve biochemical studies
on structural changes in the catalase molecule irradiated at or near
the K-absorption edge of iron.

Supplementing the irradiation studies of biplogical molecules is the
development of special equipment which permits absolute measurement of
the very low photon fluxes generated in our highly monochromated (¥ 50 ev)
X-ray beams, In addition, design and construction of high intensity field
emission type x-ray sources have been carried out and the effect of various
parameters (vacuum, cathode material, applied voltage, and cathode-anode
spacing) on electron emission has been tested.
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Radiation Chemistry and Fhotochemistry Frogram

MATRIX ISCLATION STUDIES OF PRODUCTS
OF GAMMA RADIOLYSTS OF HETEROCYCLIC MOLECULES

STAFP

Alec Grimison, Ph. D., Associate Scientist; (George Simpson, Ph. D.,
Aggociate Scientist, Mariel M. Muir, Ph. D., Associate Scientist,
and 4 Research Assistants.

PURPOSE

Thig nrogram ig concerned with the erfects of gamma radiolysis
on simple heterocyclic molecules, which can be considered as models
for more complex substances of biological importance. Unstable
species formed in this gama radiolysis are trapped by carrying
out irradiations in solid matrices at T7°K, and are studied under
these conditions to elucidate their structure.

CURREKT STATUS

Optical dewars have been designed and tested for the examination
or optical spectra at liquid nitrogen temperatures. Current projects
include the investigation of color centergs formed by gamma irradis-
tion of heterocyclic solutes in methyltetrahydrofuran and carbon
tetrachloride matrices. These two solvents have been chosen to
enhance radical anion and radical cation Fformation, respectively.
Good agreement has been obtained on the literature values for the
erficiency of production of color centere in the pure solvents.
dystems which have proved narticulariy interesting are purine
and pyrazine in methyltetrahydrofuran, and pyrrole in carbon
tetrachloride. This last geystem isg currently being investigated
also by photochemical irradiaticn of rigid solutions.

Theoretical work includes the prediction of the u. v. and
Electron Spin Resonance spectra of likely radical species,
using Molecular Orbital and Valence Rand Techniques. A get of
valence band calculations on triplet sgtates of simple heterocyclic
compounds is being done in collaboration with Dr. Zauli at the
Instituto di Chimica Fisica, University of Belogna.
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kadiation Freservation of Tropical Foods

STAFF

Horace D. Graham, PL. D., and Robert A, Luse, Ph, D., Chief Scientists
(Part time), Prineipal Investigaiors; Sureekant . Des, pande, Ph. D.,
Associate Scientist I (Part time).

PURFOSE

To determine tie feasibility of radiaticn rreservation of bananas
and mangoes, through examination of two aspects of tue general problem:

1. Determination of those factors of vpre-irradiation condition,
radiation dose, and post-irradiation treatment whiich delay ripening and
maximize tue sielf life of tie food product. Here qualitative or semi-
quantitative criteria of ripening, sucu as softening, changes in color,
spotting, and taste are utilized. Tuesc are supplemented by measurement
ol' those chiaracters associated wit. rivening, e.y. starcih tc sugar
conversion and pulpy acidity.

2. Measurement by appropriate biochemical gsgay of changes in
various nutritional factors that accompany radiation pasteurization.
Tuis part is amenable to quantitative assay of vitamin levels and how
tney are affected by radiation dose and treatment.

STATUS

Bananas of tue variety Monte Cristo and mangoes of the varieties
Hative, Hafu, Seedling 1109 and Native-Mayaguezano have been irradiated
to determine if relatively low doses of gamma irradiation can be used
for the preservation of tuese tropical fruits. Major empiasis is placed
on the influence of irradiation on tie retardation of ripening in these
fruits and on tie levels of nutritionally important bicciemical
components such as ascorbic acid, carotenoids, sugars, starch and on
titratable acidity. Studies also are made of tle effect of TAMMma.
irradiation on the depolymerization of some of tnhe pectic constituents of
mangoes,

Bananas of known history and $C-120 days old at tie time of cutting
have been irradiated at 10, 20, 30, 40, and 50 kilorads and then, along
with non-irradiated samples (controls), stored at 60°F, 75°F, and 80°F.
Zvery seven days szanles ar: vithdrawn and analrzed for thoe romponents
nemed above. At 68°F, using bananas 96-10L days, no retardasion of
ripening has been noticed. On the contrary, some stimulation was evident,
but the pattern was erratic. At 50 kilorads, intense blackening of the fruits
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occurred; hence all subsequent work was limited to 40O kilorads.
Retardation of ripening occurred at 75° and at 20-L0 kilorads,

but there was no consistent relationship between the radiation
dose and the extent of retardation. At this temperature and at

an irradiation dose or U0 kilorads, there was little or no effect
on the levels of gugar carvtenoids but the titratable acidity
increased and ascorbic acid decreased by about 25%. At B0O°F
retardation of' ripening was more pronounced, but the Truits ripened
much Taster than at 75°F.

Mature cr almost ripe mangces have been irradiated at 50, 100,
150 and 200 kilorads and stored at 50°F; non-irradiated controls
were also included. Biochemical analyses were done on represen-
tative samples as described above for bananas. All fruits stored
at 50°F kept well. The irradiated fruits remained green for 30 days.
Fruits of the "Native" variety irradiated at 150 kilorads or above
showed severe blackening of the pulp. This blackening progressed
from the seed outwards and was not noticed in the other varieties.
Burning or blackening of the skin occurred in all varieties when
irradiated at 150 and 200 kilorads. The wide natural variations
Trom fruit to fruit and from batch to batch hinder making any valid
conclugions as t0 the effect of irradiation on the biochemical
components assayed.

Pectic constituents of mangoes of the variety Sandaresha irradiated
at 500, 1,000, 1,500 and 2,000 kilorads have shown a consistent
decrease in the molecular weights of their highly methylated water
soluble pectinic acid fractions with increasing radiation dose. How-
ever, increase in radiation dose did not causge a severe degradation
of the low methoxyl pectins or the protopecting extracted from these
fruits. Fractionation of pectins from control fruits with molecular
sieve chromatography indicated the occurrence of at least two major
fractions of distinct molecular size. It was inferred that the
radiation-depolymerized pectins constitute sub-fractions of these
major fractions. Study of their molecular weight distribution
ratterns therefore is contemplated, in order to determine the
relationship between pectin depolymerization and rruit sol'tening.
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