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UNIVERSITY GFP PUERTO RICO

Budget FVY-1978

PROGRAM RY - SUMMARY

Base Program FY-1974
Avplied Puysical Sciences

a. Operating costs $112,200

b. Equipment z1,000

C. Man-years .5
Cliniecal Applications

2. Operating zostg 153,000

b. Equipment &, 300

¢. Man-years 8.7
Heelth and Safety

&, Operating conts 70,700

b. Egquipment ~0-

c. Man-years 4,6
Medical Physics

&. Operating costs 2,200

b. FEquipment -0~

¢c. Man-years L,0
Medical Sciences & Radicbiclogy

a. Operating costs 158, 300

b. Equipment TOO

¢. Man-years T3
Nuclear Engineering

a. Operating costs 773,200

b. Equipment 500

c. Man-years o0k
Kuclear Science

a. Operating costs 75,600

b. Equipment 11,500

c. Man-years Fwd
Radioecology

&. Operating costs 26,900

b. Equipment e

2. Man-years 1.h

Fi=1975

$114,000
450
h.o

176,000
0o
9.1

81,500
3,000
Skt

7h, 400
O
)

164,500
-0-
7.0

78,000
o0
2.k

79,500
500
3.5

25,700
-0-
13

FY-1976

$120,000
70,450
L.7

200,000
117,000
10.7

51,500
17,500
5.4

110,000
7,000
6.0

200,000
40,000
8.0

80,500
9,000
3.5

48,000
L
2.6




Radictherapy and Cancer

a. Operating
b. Equipment
c. Manrn-years

Reactor
a. Operating
b. Equipment
¢. Man-years

Tropical Agro-Sciences

g. Operating
b. Equipment
¢, Man-years

costs

costa

costs

Research Projects

Bikini Project

a. Operating
b. Equipment
¢. Man-years

costs

Fascicla Hepatica

a. Operating
b, Equipment
¢. Man-years

Gamma Radiclysis
a. Operating
b. Equipment
c. Man-years

Insect Control

a Operating
b. Egquipment
¢. Man-yesrs

Lung Studies
a, Operating
h. Eguipment
¢. Man-years

Marine Biology
a. Operating
t. Equipment
c. Man-years

costs

costs

el
O
O]
g
w

FY-L97h

414,800
350
7.7

143, 700
h, 100

7.5

L5, 000
-0-
1.5

15,000
1,500

26000
5,000
1.3

38,000
£,000

P

36,000
D
18

236,000
15,000
1.k

FY-1975

$157,300
L7 ,000

1.7

148,700
3,000
Te 5

164,000
1,900
9.4

95,000
-0-
3.5

17,000
14,500

.

30,000
L, 000
.B

38,000
L, 000
1.2

299,800
27,000
15.1

FY-1976

$200,000
100,000
8.7

160,000
7,000
B

200,000
26,500
11.4

95,000
6,000
4.0

37,000
2,000
1.3

50,000
30,000
Lowi 3

9L, 400
15,000
3'3

56,500
=0
2.0

337,000
39,000
15.1




FY-1974

Polarized Neutron Spectrometry

B
b.
&

Operating
Equipment
Man-years

EMV Palumbo

a.
b.
C.

Operating
Equipmen
Man-vears

-0=
10,000
=0

costs $

94,000
0=
5.7

costs

Schistosoma Mansoni

a.
b,
ey

Operating
Eguipment
Man-years

costs 74,000
6,000

3.0

Terrestrial zeoclogy

.
b.
c.

Operating
Equipment
Man-years

costs 148,000
12,500

7.4

Toxoplasmosis gondii

a.
b.
G

Virus

a.
b.
C.

Operating
Eauipment
Man-years

Project

Uperating
Equipment
Man-years

Unagsigned (for

=S

TOTAL

a.
b.
C.a

Uperating

Operating
Equipment
Man-years

costs =-0-
-0

e

costs Ll 000
4,000

2.9

salary increases)

costs -0a

costs 1,960,000

109,550
B

FY-1975 FY-1976
$ 20,900 $ 21,200
2,000 1,000
1.3 1.3
105,200 117,200
9,500 10,000
6.3 6.3
79,000 gl , 000
15 006 30,000
3.6 L.z
157,000 208,000
11,000 12,000
7.6 9.5
36,700 60,700
—0- 0=
1.3 2.0
47,000 69, 800
17,000 3,000
2.5 3.5
8,400 15,600
2,236,600 2,752,800
170,600 545,950
107.5 126,7







-







PURETO RILC NUCLEAR CENTER
Directors' HNarrative
¥Y-1976

INTRODUCTICH

The training missicon of the Puerto Rico Nuclear Center has been
emphasized in the preparation of the form 189 budgetary documents. The
geographic origin of our students are shown in Table 1, while the topical
coverage and enrcllments are included in Table 2,

Certain features of these 189 documents have been changed., Publi-
cations (Section 12) are strictly limited to manuscripts published, those
in press or accepted by editors of Jouwrnals, complete papers 1n proceed-
ings of symposia, and PRNC numbered reports. The above submissicns are
limited to cglendar vear 1973, and 1974 .to date. Manuscripts submitted
or in preparation are listed separately with incomplete investigaticns
in a "Research Progress” table reprezenting current research.

BUDGETARY PROBLEMS

Loss of training grant -- The training grant “rom NIH to the School
of Tublic Health (UPR), which supports the program leading to the Masters
degree in Rediological Fealth, probably will not be funded in fiscal year
1975. The PRIIC staff has provided most of the instruction in this program
and prorated portions of their salaries have been paid frem the grant.
This formal training is deemed cne of our most valuable contributicns for
Latin America. If this training project is to continue, we may have to
solicit extra funds from AEC.

Excess overhead costs -- Unanticipated overhead costs of abous
$90,000 have beer. Taced during the year which include mzintenance work
on the water tower and storage tank, shipment of spent fuel, and increased
cost of electric power, Non-ARC grants for environmental impact studies
have generated considerable overhead funds ; however these benefits have
imposed problems, ineluding stress on facilities and maintenance staff.

Closing of the Puerto Rice Area Office -- The closing of the AEC
Area Office imposes an additional expense on PRNC, at least to the
extent of hiring one senior stal? member and a secretary.

Impiementing Toxoplasmosis 'roject -~ Under official agreement,
Dr. R, Martinez-Silva has been on leave without pay for two years with
Pan American Health Organization (PANO) in Venezuela. This arrangement
was recognized as favorable to the mission of PRNC for Latin America,
Dr. Martinez-8ilva will return to PRNC in November 1974 with grant funds
approved for work on toxoplasmosis., An experienced Senior Sclentist
warrants technical assistance, which cannot be provided under the
declared project budget. It is requested that the grant for the periocd
of November 1974 to June 30, 1975 be $36,700.




is now competing with other nuclear
centers in Tatin America nhelped to create; therefore, it is
important ftThat the Puertic Center malntain its excellence
both in research and treinins, T“he nesds of Datin America are still
considerable, and collahorat: ofner centers is necessary.
International agercies nst ident about cur capabkilities, for
it 1s they wio provide mhips that make it possible for
developing countr! Lt es and expertise.

Cost of competition

PROMOTTIONAL ACTIVIWLIL:

Promotional achievemenhbs
American countries have bs
self-appeinted cutside
favorably impregssed on
serve in anncuuncing our
Latin America.

for attracting students from other Latin
carried oulb as well as efforts by a few

A representative of PAHO, who was

to Tk, expressed his intentien to

arsi capabilities as he traveled through

as citizersz of Latin American
for trainees.

A nurber of our ztaly rcaonme
countries, and now i

< T

There are numerou: o1 liaison with permanent sections
of the UPk and agencies e govermment of Puerto Rico. Both the
training and research capabi’ i%ies of our envircnmental and medical
programs are greatly needed 1 fuerto Eico and cther parts of Latin
America. The chances appear Faverable that a Cemprehensive Cancer Center
will be approved. If sc, 2ur rescaron and training capabilities in
radiation oncoleogy, nuclear medlicine and medical sclences may be expanded,
Activation of a Deparimen:. =7 al Sciences in the Medical School
is expected to strengthen THHNJ _;dulr@ulon there. Two senior staff
members in the Clinical Aprllcaticns cof Radicisctopes Division have been
given Joint appointments wiih Lhe Medilocal School that carry partial
salary coverage. Trnere hias becn a nrarked increase in an NIH grant to
the Medical School for suppert of the work of the Radiaticn Therapy and
Cancer Division. The Fascicla ject haz been sirengthened by increased
support from the Departmert of -ure {Puerto Rico).

S

The demands are grear i'or =
to varied types of pellution
ST

soliciting help from FRIC
taxing our facilities,

rojutental impact studies in relation
e incu?ar and Federal agencies are
; hese problems and are severely

IMPROVEMENT IN TRATNING

Parallel efforts to ug 1w capabilities along with research
are receiving attention. o Adpnlications of Radioisctopes Div,

is extending its clinical ralioizcucpes course from two to five months.

In the same Divisziecn, an after-licure course was initiated for technicians

employed in the 3an Juan arcs Twenty seven (P7) students registered for

the first class of the elemaniary Tuclesr Hedicine course. A residency
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program in Nuclear Medicine is being organized in collaboration with the
Medical School. The needi for a radioimmunoassay project with related
training capabilities is being planned.

The residency program in kadiotherapy and Cancer will be revitalized
and strengthened through laboratory research capabilities with the addi-
tion to the staff of a tuor raciobiclogist. Moreover, the number of
patients available to both +he Radiotherapy and Cancer and Clinical
Applications Divisions feor trairing, ss well as research obJjectives, will
ve increased through arvangements beirg made by the Department of Health
and the Medical School, An integral residency program in Nuclear Medicine
involving the Veterans Hosplitel, the newly created Department of Radio-

g

iogical Sciences in the edical sehool, and PRNC, is being planned,

The Radiological Health Masters ~egree program is being altered to
allow a parallel degree  n Medical Physics with a possible extension of
time, alleowing on the Job training in PRNC after the MS degree is
completed,

The availability of graduste students for thesis research is
ircreasing. Tentative = fgement & between the Radioecology Division and
twe stateside universities sheuld not enly provide more students for
thesls research, but allew for excliange of staff for teaching and research.
The number of graduate siuderts from UFR and stateside universities has
already increased In Terrestrial Zeology wo the limit of ecurrent
capability,

rrs

New curricula for the coliaborative M.S. and Ph.D. graduate programs
invelving the Department of Medical Zoclogy in the Medical Scheol and
PRNC, are being prepared.

Contributinns to graduate teaching and supervision of research on
the part of several divisicns remain strong, including the Applied
Physical Sciences, Nuclear Applications and Tropical Agro-Sciences
Divisions. The training efforts of the Medical Sciences and Radicbioclogy
Division have increaged “hrough participation in Support for University
Biomedical Education in Puerto Rico (SUBE) and ORAU summer participants.

A major problem in cur training efforts relstes to attracting
students from Latin America. “Their coning depends on fellowships from
international agencies, This requires considerable initiative on the
part of students and their Sponsors, because of numerous organizational
and governmental requirements. Promotion and publicity on the part of
PENC may have lagged, but this will be corrected. Applicants sometimes
do not qualify or are rot interested in graduate degrees, but can pursue
special treining throug' seminars and "on ithe jeb" experience,




SUMMARY

In summary, PRNC is seeking a proper balance in teaching and research
to achieve its training mission for Latin America. Both functions must be
of superior gquality to attract increased numbers of trainees of high
gualifications. This 1s becoming increasingly important as other nuclear
centers develop in Latin America.

In spite of budgetary handicaps, staff morale has been protected,
challenges have been made for improved gquality and quantity of research,
training programs are being upgraded and attention is focused on new
training opportunities. Work for leocal, national and international
agencies has strengthened cur general mission.




TABLE 1

GEOGRAPHICAL DISTRIBUTION OF PRNC STUDENTS
Fiscal Years 1969 through 1973

Geographical Fiscal Years
Area 1968 1969 1970 1971 1972 1973
SOUTH AMERICA 15 27 24 50 48 34
CENTRAL AMERICA 8 7 7 12 3 10
AND MEXICO
CARIBBEAN 5 8 8 6 6 8
PUERTO RICO (uUsSA) 152 129 141 110 185 164
CONTINENTAL USA 15 20 5 5 12 5
EUROPE, ASIA, 15 9 5 2 4 4
AFRICA

Total Students 210 200 1890 185 228 225




TABLE 2

PRNC STUDENT ENROLLMENT
Fiscal Year 1973

- - Duration _ Student

Training Activity S — X Enrollment = Months
Rio Piedras
PRNC Portion - Ph.D. degree Chemistry - UPR Rio Piedras 6-12 1 12+
PRNC Portion - M.5. degree Chemistry - UPR Rio Piedras 6-12 5 36"
Radicisotope Techniques Course 1 17 17
Special Training - Liquid Scintillation 1. 8 1 6
Clinical Radipisotope Applications Course 2 156 30
8pecial Training - Radicimmunoassay 1 3 3
Orientation Course - Clinical Radioisotope Applications 1 46 4.6
Radiotherapy and Cancer Residency Program 6-12 3 24
Radiotherapy and Cancer Short Term Course 1- 2 7 B
Radiotherapy and Cancer-One Maonth Course 1 2 2
Radiation Therapy Training Course B 1 8
Special Course in Medical Physics and Radiotherapy 3 1 3
Special Course in Medical Physics 1- 4 3 6
PRNC Portion-M.S. degree in Biology-UPR Ric Piedras 6-12 3 21
PRNC Portion-Ph.D. degree Microbiology-UFPR Med. Sciences 6-12 1 12*
PRNC Portion-M.$. degree Microbiology-UPR Med. Sciences 6-12 2 18+
Virus Project 1- 6 i 6
Special Training in Virology 1- 6 1 B
Effect of Cortisone Upon Strongyloids Infections in Mice-

Research Project 1- 6 1 ]
Definitive Screening of Candidate Molluscicide-Research 1- 6 1 6
Egg Laying in Physa cubensis 1- 6 1 1
Comparative Study of the Amino Acids Present in the Mucus

Substance of Biomphalaria glabrata and Physa cubensis 1- 6 1 6
Effect of Certain Toxic Plants Against Physa cubensis 1- 8 1 9
Fasciola Hepatica Program 1- 6 11 16
Special Training in Animal Caretaking 1 1 1
Evaluation of Molluscicide Effects of Prolonged Application 1. 5 1 5
Special Training-Isotopes on Immunology 1- 3 1 3
PRNC Portion-M.S. in Radiological Health-UPR Med, Sciences 6-12 16 102
Terrestrial Ecology Program-Summer Research 1- 3 2 4
Special Training-Nuclear [nstrumentation and
Radioisotopes Apphication 112 1 12

Sub Total 161 399
Mavagliez
PRNC Portion-M.S._ degree in Physics, UPR Mayagilez 612 3 24*
PRNC Portion-M.S. degree in Chemistry, UPR Mayagilez 612 5 36*
Special Training-Nuciear Physics i- 6 1 6
Individual Courses 1- 6 39 44
PRNC Portion-M.5. Nuclear Engineering 6-12 13 B4+
Special Training-Nuclear Engineering - 4 1 4
Reactor Supervisor Training 1 17 17
Special Training- Agrobiosciences 1 1 1
Insect Sterility Prcgram 1- 4 1 4
PRNC Portion-M.3. in Biotogy, UPR Mayagiiez 6-12 5 36+
Special Training-Mutation Breeding and Radiobiology 1- 6 1 6
Special Training-Reactor Instrumentation and Control 1-12 2 13
Applied Health Physics Course 1- 4 3 6
ORAU Laboratory Graduale Participation 1- 6 1 8
PRNC Portion-Ph.D. in Biology, University of Miami 6-12 1 12*

Sub Total 94 299
Oak Ridge Research Participants 10

Grand Total 205 698

* Products that are low are due to some students being part-time










Additional Explanation Por Operating Costs
University of Puerto Rice - Contract No., AT-(L0-1)-1833

Oak Ridge Tperations 189 No. 5

1. Project ritle: Applied Physical Sciences

2. Security {lzssilication of Project: Unelassified

3. Budget Activity No.: Program RY

L. Date Preparei. March, 1974

- Method of Reporting: PRNC Anrual Report

5
E. Working Location: Ric Piledrss
Al

7. Person in Charge: José P.a. Castrillén, Head

. Project Term: Continuing Rffort

9. Man-Years. FY-197h  FY-1975  FY-1976
a. Scientific 3.52 B0k 8410
b. Other Direct 1.00 1.00 1.00
Total h,52 4, 0h .71

10, Operating Costs: FY-1974  Fy-1975 Fy-1976

4, Direct salaries including .

fringe benefits 56,800 457,200  $61,000

b. Overhead cost L2 600 42,900 46, 500

c. Travel 400 1,500 1,000

d. Materials and supplies 7,900 7,900 6,100

e. Cther services 4, 500 L, 500 b, 500

Total $112, 200 $11k, 000 $120, 000

11. Equipment obligations 321,006 & 450 ¢ 70,L50




Applied Thveical gciences 189 No. 5

12,

13s

References and Titles of Publications in Current ¥y

1. "SCF-MO Caleulations of Spectra of Ketyl Radicals and
Radical Anions of Uracil and Cytosine". J. Phys. Chenm.,
77, 1673 (1973) by A. Grimison and M. K. Eberhardt.

2. "Variable Electronegativity SCF-MO Calculations using the
Linderberg Equation . T. Heats of Atomization of Aromatic
Hydrocarbons". Revista Latincamericana de Quimica, k4, 35
(1973}, by M. X. Eberhardt and A. Crimison.

3. "The Ground State Electronic Properties of Lindane
and its Isomersg ; (3 =2nd ¥' BHC", by A. MeB. Block,
and L. Wewland, accepted in the Proc. IUPAC, June 19Tk,

L. "Structure and Electron Distribution of the Cyclo-
octatetraene Radical Anion Analogue >f Benzyme", by
G. Stevenson, G. Concepeidn, Maritza Coldén, and A. McB.
Block, accepted by the Journal of idmerican Chemical
Society.

k%3]

"An IR Study of some Ring Sulfowides and their Avaucts
with Hg and Cd Hallles", by S. Vazquer and J. Castrillon
accepted by Spectrochimica Acta.

Three manuscripts hiave been submitted for publication,
see Research Progress Sheet,

Presentations

"Radiation-Inducel Pomolytic iromatic Substitution”" by
Manfred K. Eberhardt at the Department of Chemistry,
University of Puerto Rico, Rio Piedras, P.R., November,
1973,

Purpose, Need and Scope

The name of the Division has been changed to "Applied
Physical Sciences". This i1s more keeping with the orienta-
tion of the research and training activities of the Division.
The long range objective of the Tivision 1s to offer advanced
training opportunities for Puerte Rican and Latin American
trainees, primarily through participation in research projects

]
-




Applied Physicsl Sciences 189 No. 3

involving the use of high energy radiation and radioisoctopes.
Emphasis is given to projects that have a direct bearing on
the biological and environmental sciences. Since this
brogram is gezred to regional needs, 1t includes an intro-
ductory training course in the uze of radioisotopes.

Some members of the scientifio Tersonnel of the
Natural Sciences Jaculty of the University of Puerto flco,
Rio Piedras campus, participate in the program of this
Divigion, This cooperative effort is encouraged through
Joint appointments,

Aelationenip to other Projects

The training offered by the Division is a pre-
requisite for some of the training and research programs of
other Divisions within FENC, and in particular for the course
in Clinical Applications of Radioisotopes.

The Radiolsotope Techniques Seetion has provided the
following servieces +to other PRNC divisions and other Institu-
tions:

1. Lecture:z and laboratocry demonstrations to the
Medical Technology Students of the UPR School
of Medicine who received training at the
Clinical Applications Division.

2. Lectures and laboratory demonstrations equivalent
to the Basic Radioisotopes Technigues Course were
given to a group of Hematologists from the School
of Medicine.

3. Use of our laboratories facilities and gtaff
assistance by the students registered in the
Master in Radiological Heaith Program of the
Health Physies Division.

L, Consulting services to other divisions on problems
related to radioisotopes and radlochemistry, and
te physics and chemistry, 1in general.




Applied Physical Sciences 189 No. 5

The

The Divicion is also collaborating with the Terrestrial
Teology Program through loan of its facilities.

“he Division 13 collaborating with the University of
erto Rico in the Tupport for University Biomedical
Education in Puerto Rico, SURT  Program. The main
objective of this program is to provide opportunities
to uniergraduate and graduste students from social,
educstionsl and culturally limited backgrounds for
~restivity through vesearch n the biomedical sclences
snd relatel areas.

The SUBE Program includes at present G Projects.
‘he Proiect submitted by this Divigion is entitled
"Thioxanthone derivatives as potential Trypanosomchdes
and is 1wmder the supervigion of Dr. José Castrilldn.

w0 Puerto Rican sbudents are participating in
the T jox-nthone Project: graduabte student Miss Marlsol
nodrimue: =ni undergraduate student Miss Deborah Narviez.

4+ FENS it has been shown that thioxanthone

derrvatjvck are highly active "in vitro" against Trypano~
goma Cruczi, the organism responsible for Chagas' disease.
Tt must be ermphasized that Chagas' disease poses a formi~
cable heslth problem in Latin fmerica where it can be
estimated that more than ten million people are infected.
Moreover, the £ivst effective drug was put on the wmarket
Jusgt recently.

The vroject =zims at obtaining chemotherapeutic
substances zzainst this disease by introducing suitable
substituentc on the side phenyl rings of the thiocxanthone
molecule while preserving the central highly polar ring
which ig assumed to be responsible for the effect against
Trypanosona cruzi.




Applied Physical Sciences 189 No. 5

15. Fraining Progress in ry-1974

Both credit and non-credit formal courges were
taught by members of the staff. Graduate thesis resesarch
was supervised, and research training for undergraduates
was provided.

a) The Radioisctope Techniques course will be offered
in June FY-1974, In view of the large enrollment
expected, two laboratory sections may be required,

b} University Level Courses
1. Radiation Chemistry (PRNC 505, two credits), A

one semester graduate course for the School of
Public Health. Dr. Manfred K. Eberhardt,

2

. Undergraduate Research Training. The undergra-
duate student, Deborah Narviez, from the Biology
Department of U.P.R. is being trained in the
Division under the SURBE program,

3. Graduate Research. The graduate student, Marisol
Rodriguez, from the Chemistry Department of UPR
is doing her thesis work under the SURE Program.

Thesis Research

The following M.S. Thesis sponsored by the Division was
Successfully defended in FY-1974: "Aromatic Nitriles as
Scintillation Solutes" - Carmen Velazquez (Chemistry Depart-
ment, UPR). The experimental work was completed in 1972
under Dr., José Castrillén.

A
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Research

¥ the Applied Physical Sciences
Division ineclude atudi ' _ﬁatzon eiffects on chemilcal
systems, redioisotopic studies, and work supporting thesze
studies. The projects zre described briefly below,

The research scobivities
ies T

Radiation Fffects. Theze projects are concerned with the
effect of high energy derosition in chemical systems. In
some, the emphasis is on the initial, or o»rimary products
of radiation ; in other:s, or “he final producte produced by
secondary chemiczl reacticns, The objective ix to clarify
the mechanisms of radistion-induced chenges that are of basic
interest to the biolog g

1. Matriz Teolation 2tulies of the CGamms “adiclysisz of
Heterocyelic Molecules.- 7.4, Simpfon. This project
receives suvpport from the AEC gion o7 Biomedical and
Envirommental Research and ig described in a separabe
form 189.

it

N

. Radiation Induced Arormzitlic fubstitucion.-M. Eberhardd
This project is concerned with the reactlvity of free
radicals {produced by irradistion of ajueous solutions)
like -OH, O;_ » U, HO.- 71, - and CH,+  with aromatic
compounds. “he Qf}erﬂwental reeultz of tHis work is com-
pared with theoret’ical vredicticns bzzed on quantum~-mecha-
nical caleulation (S07-A0 calcwlations using the CNDO-2
and INDC approximations'. & request for support of this
project has becn submitied to the National Teilences Tounda-
tion. Besides its intrinsic interest this research should
ast light on sreas of physicel orgenic chemietry and bio-
chemistry, IEnzymatic hydroxylation iz a very important
metabolic procese in animals and plants which is still
imperfectly understoocd. furthermore, metabolic hydroxyla-
tion of large molecular matricers containdng aromatic
fragments is of direet importance in the succession of
species dependent upon litter-fall through the produection
of phenclic plant regulators. It should also be pointed
out that the understanding of the process involved In the
radiolysis of agueousz zolutions of organic compounds will
be of great help to radiation therapy as the most important
radicals for the destruction of tumors 2re *7H, 07, 0.+ and

HOE' =

—Ee
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During 7v-1974 worxk on hydroxylation is being contimued.
The stuly on homelytic nitration hac been started and a paper
on the nitration of benzene has been submitted to 4. Phys.
Chem. ‘orls In pregress includes: hyircoxylation and nitration
of nitrobenrene and anisole, and the effect of nitrobenzene and
nitrosotenzene on the hydroxylation of benzene.

SCF-I'2 calculations on aniscle and its intersctions
with -0H radicals have heen carried out.

Radioisotopic Studies. Preparaticn of Tributyltin xide -
113sn - Rosa Santana de Tirade and 7. Jastrillén, The
preparation of high specific activity tributyltin oxide
(TRTD Las been requested by the Medical foiences Division,
TETZ i: + potent molluscicide and thera intereazt in deter-
mining the fate o the tin in mammals,

several cold runs with satisfactory chemical yields
have been rerformed in preparation f5r the hot symthetie
worl.

Liguid Seintillation counting., 7. Castrillén. This is a
technigue of basic importance to the Physical, biological

and envircnmental seience for which there is considerable
intereszt in Tatin America. The research in this area tends
to the improvement of pbresent methoiclogy by looking for
better solvents and solutes and means of control of quenching
and chemiluminescence and also 4o a better understanding of
the enersy transfer processes,

& czllaborative effort with the Comma kadiolysis Project
is in progress to determine the guantum yielids of the sei
llators developed in the Diviszion.

supporting Research, ‘ne of the essential tunctions of the
Applied Physical Deiences Nivicion iz to orovide technical
asclstance to other divisions that need its particular
expertise or facilities, The Projects described below may not
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Tire ety & ¢ rudiaticn or radioisotopes but

thev proviie supporti informaticn necded for the projects

listed ak-—we, or Tor similar wrojecit:c In other divisions or UPR.
1.

»oasnllirscenes A.McR,
of the f*equency Tor the
bpon initiated using all-
1 {g07) methods. A
developed based upon
aromatic distance of
boni angle of ¢
udewlations of this
sopropriate of medern all-
'9, sinee the nunber of
uite large (78). The
“rulated and, using
-he Mimdamental. freguen-

“loek and 1

aymmetric 77 £
ralence~electron. :tlf—cw slz t:n
reszonable
TWo undistpf
1.74%  wnl

in the tnm
moiecule hdve AT DA
valence-electron
orbitals
curvature
the harmonic
ev will be

“iated N-t-Putyl Benzamide
2 Tzal, Zconounlc
e, Seorge Zubotton,

v fz concerned with
#1 benzzmide radical
cpecics in mass spectro-
zee shown to alild hydrogen

the -aTbonJl ocxXygen.

wony L oxygen to have
»* the spin density
which protrudes out-
o, An estimation of
ntensitiesz of the

the
cations i .
metryr, !.ect"on feWCAkLJ;

wiical cation i
the equivalent
ERVRRS) ¢! 1

ward non
the acti

«-&— B
rotentd

mass sreeﬁrom@* and nOCH? Was
qualitative-= ens: ichization

-+ a1l three nmolecules

potentials were prediclted To within 7
using the wdlsbatic apoproximation,

3. The Myvelo-octatetrienyae Radiesl fnion. AJMeER,
Block and Dr. Gernld Stevennon, reparimernt of Chemistry,
I8, o0 ealeulations were vale To rat onalize the
sroe  nattern exhiibited by

electron  spin res™
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"

specles resulting from the Na-k reduction of halosubstituted
eyelooctatetraene. The DO culcidation of coupling constants
supports the conclucion +hat g neta-stable species obrerved ot
liquid nitrogen termperaturos is an eight-gided anzlogue of
beneyine: the cycloceh brienyne ralical anion,

=

L. The oxidation of culfides to sulfoxides. J, Castrillén.
vechniques for achieving the combrolled oxidation of the parent
sulfides to sulfcxides which are of interest to other projects
are belng examined,

Zxpected Results in ry-1075

In F¥Y-19T7h the Division's budget was substantially
reduced :nd i modest increase to take care of calary raises
has been granted for 77-1075. This fact plus rampant infla-
tion will surely show in “he Division activities.

The training activities will be maintained at the pre-
sent level with perhans an increace in the rmumb.. of people
attending the Basie Axdiolsotope Technigues Course,

In the field of radiation induced aromatic substitution
it 1o expected that tre work on the hydroxylstion and nitration
o nitrebenzene and antzole will be completed. Also, results
are expected concerning the reactions of O;., HOo+  angd NOQ.
fphotochemically rroduced) with a variety of aromatic compounds .

cintiilation is cne of +he aresas where iz Research

Ti: 2
Proposal 2. still bending., However, research for better solvents,
in partienlar for agueous camples, will continue. It ig hoped
that the uuantum yields of <he efficient solutes developed in
the Division will be alresdy dete-mined. Censulting and counting

of samples f'ur other Divisions will continue,

il

under the SUBE Projiect synthesisz of thioxanthone deriva-
tives with potential activity against Tryvanosoms cruzi will
continue, “eoting "in vitro" will be underway and testing "in
vivo" will be ztarted. Arrengements for testing these ~om-
Pounds against other diseaces have already been made. Chemical
problem: with a bearing on the pharmacodynamical properties such
as molecular conformations will be examined,

=G
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Tt iz hoped that the projects described under "Support-
ing Reseavrch” will be finished inm IY-1G75.

Anticipated Besults in ZY-1976

Tn the otudy of radiation induced reactions with the
avallability of more sophistleated equipment betier product
analyeers will be performed which should improve the under-
standing of the mechaniszms involved. Tor instance, by means
of the High ¥ : Chromategraph the hydroxyla-
tion of compowid: that lead to high molecular welght phenols
that canmot be snalyzed by vapor phase chromatography will be

investigated.

Lol
b b

atudies on the hydroxylation of phenol, aniline, pyri-
dine and biologicsl melecules will be initiated.

of Tiguid reintillstion research, 1f good

e At iy tems sultable for aqueous zamples,
It iz hoved that 2 more decailed study «ith emphasis ... 1liquid
tructure will be amder

For the

that the Froje s

the basiz o7
compound..

1674 #4171 be erucial in the sense
o oand orientation will be decided
obtained in the testing of the

Deseription of Caritol Tauipwent by Mige=l Year

FY=1675

Vacuwn Purp: one unit for normal lsborstory use will be
required as Teplacemnent.

FY-1076

Vacuum Purp: one unit for normal laboratory use will be
required as revlacement.

NMR “pectrometer: thilz ‘nstrument is of great value in studies
of moleculzar atructures uand ldentification. It would be ideal
1f 1t had the can<bility l?Cf 1 stable lsctope of
increzsing importance,

to work with
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Combination Mass Spectrometer - Gas Chromatograph: this unit
is of great value in identifying the components of complex
organic systems. It will be used in the radiation induced

aromatic substitution project and in the envirconmental
studies,

~11-
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18. Description and Explanation of Materials, Supplies,

and Other Services

Other Services

1.

B

Power
Shop charges
Reproduction charges

Computer charges

. Transportation and

communication
Equipment maintenance
Miscellaneous

Total

FY-1974  FY=-1975 FY-1976
$1, 500 $1, 500 $1, 500
700 700 700
600 600 600
200 900 900
300 300 300

__ 9500 500 500
h,500  $4,500 4, 500
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Cost of Equipment

FY-1975  FY-1976

2 High vacuum pumps $ Ls50 $ Ls0
NMR Spectrometer - 40,000

Combination mass spectrometer
and gas chromatograph - 30,000

Total i 450 §705h50
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Additional Explanation for Operating Costs

University of Puerto Rico-Contract No. AT=-(40-1)-1833

Budget FY 1976

Oak Ridge Operations

10.

11.

Form 189
Project Title: (Clinical Applications Division
Security Classification of Project: Unclassified
Budget Activity No.: RX 06 01
Date Prepared: March, 1974
Method of Reporting: PRNC Annual Report
Working Location: Rio Piedras
Person in charge: Dr. Aldo E. Lanaro
Principal Investigator: Dr. Aldo E. Lanaro
Project-Term: Continuing Effort
Man-Years: FY 1974 FY 1975 FY 1976
a. BScientific 2.0 2.0 2.0
b. Other Direct 6.7 7.1 8.7
8.7 9.1 10.7
Operating Costs FY 1974 FYy 1975 FY 1976
4. Direct Salaries inc.
Fringe Benefits $83,000 592,800 $105, 100
b. Overhead (75%) 62,300 69,600 78,800
¢. Travel 1,000 300 1,300
d. Materials and Supplies 10,000 8,500 10,300
e. Other services 6,700 4,200 4,500
$163,000 $176,000 $200,000
Equipment Obligations: ——— —-——- $117,000
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12. A. Date and Title of Publications

1. Daily Iodine Ingestion with Natural Diet of Puerto Ricans.
Lanaro, A.E., Haddock. L. In Press - Puerto Rican Medical
Association Bulletin.

2. "Diferencias en los Valores Normales de Sobrevida de Globulos
Rojos marcados con Slgr". tLanaro, A.E.; Bosch, A.; Frias, Z.
Accepted by "Revista de Biologfa y Medicina Nuclear) Buenos Aires,
Argentina.

3. Case Report: Brain Scanning inthe Evaluation of the Response of
Metastatic Lesions to Radiotherapy. Lanaro, A.E.; Bosch, A.;

Dietrich, R. Submitted to Puerto Rico Medical Association Bulletin,

13. Purpose, Need and Scope

The major role of the Clinical Applications Division is clinical re-
search in Nuclear Medicine for support of training in the medical use of
radioisotopes by physicians and technicians principally from Latin America
and Puerto Rico. Service to community hospitals lacking radioisotope fa-
cilities assures the patient load necessary for the development of research
and training.

14. Relationship to other projects

The Division's activities are related to the following projects or
organizations:

PRNC Radiotherapy and Cancer Division; PRNC Medical Sciences and Ra-
diobiology Division; PRNC Applied Physical Sciences Division; UPR School of
Medicine Pediatrics and Pathology Departments; UPR School of Nurses and
UPR School of Medicine Hematology, Endocrinology, and Pulmonary Sections of
the Department of Medicine; VA Hospital, Nuclear Medicine Laboratory and San
Juan City Hospital, Nuclear Medicine Laboratory.

15. Technical Progress in FY 1974

General Considerations

The use of 133Xe and 67Ga was successfully initiated in this Division,
especially the utilization of 133¢e for research activities on patients with
irradiated lungs.

The research projects were continued with a relatively limited number of
cases due to budget limitations. Nonetheless, progress was made in many of
these projects.

Relations with the UPR School of Medicine were strengthened in the areas
of collaborative research and in staff participation in university courses.
Economic support was also obtained which was vitally needed for conducting
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the training and research program. The second 8 week Basic Course in Clinical
Radioisotope Applications was cancelled because the students who had been ac-
cepted notified us at the last moment that they were unable to attend. The
training activities of the Division were not lessened by this cancellation.

The Whole Body Counter is not fully utilized due to lack of personnel in
the Medical Physics Section to assist in the operation of this equipment.

After an extensive delay, the Radiological Sciences Department in the
Medical Schoel (UPR) has been activated. It is now timely to initiate a re-
quest for a Nuclear Medicine Residency, which will now be submitted through
this new Department by the Clinical Applications Division.

Several requests for training and research in Radicimmunoanalysis have
been received and it is considered that this activity should be added to the

Division activities soon.

A. Education and Training Activities

The Division offered the foellowing courses:

Basic Clinical Radioisotope Applications Course: This eight~week course
consists of clinical conferences which stress the usefulness of radioisotopes
in the resolution of diagnostic problems. Therapy with internal emitters is
alsc included. Laboratory procedures are keyed to the clinical cases which
are selected to provide a diversity of tests for the trainee, and which cover
many current applications in Nuclear Medicine.

The subject matter treated in this course included the following: thyroid
disorders, cardiovascular system, liverand kidney function, gastrointestinal
absorption, hematological applications, analysis of fluid compartments, tumor
localization and organ visualization with Linear Scanner and Anger Camera,
Dynamic Studies and Radioisotope Therapy of Thyroid Disorders.

Trainees and teaching staff work together in this program in which points
of clinical interest are correlated with various tests performed. Teaching is
based on demonstrations, laboratory performance of tests, discussion of results
conferences, and audiovisual presentations.

In the course the students does approximately 120 diagnostic procedures
and evaluates and treats 8 patients with thyroid disorders.

The following students completed the Basic Course in Clinical Application
of Radioisotopes:

July 3 to August 29, 1973

F. Rivera Bonilla M.D. Puerto Rico
Francisco Morales Technician Puerto Rico

Paul Pavano Technician Dominican Republic
Socrates Molero M.D. Venezuela

-3_
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Procedures completed, observed or discussed by students:

Obgerved Completed
F. Rivera Bonilla 114 20
Francisco Morales 163 70
Paul Payano 144 116
Socrates Molero 85 85

A new program for the Course has been designated to replace the present
one which is now 12 years old and unadequate considering the progress in
Nuclear Medicine. The new course consists of five months of training; the
first two months cover approximately the same subjects as the previous course
but with lesser cases in order to devote more time to the teaching of tech-
nical details and use of equipment. The following three months will be ded-
icated to intense practice. During the three-months practice, the physicians
and technicians will be grouped separatedly for imstruction, depending on
preparation. This was not done previously. The last three months will con-
sist exclusively of laboratory work for the technicians, while for the phy-
sicians it will be a period of laboratory work plus the study of test corre-
lation with the clinical condition of the patients.

The PRNC Basic Radioisotope Techniques Course or its equivalent will
continue to be a prerequisite.

We are also introducing two progress tests: one after the initial two
months and another at the end of the course. The results of these tests
will determine the type of certificate to be awarded. It is considered that
with these changes, the course will embrace major advances achieved in this
specialty. This plan has been already approved by the AEC and will be put
in practice next year.

Informal Training

Practical training is offered to students with previous knowledge of
Nuc lear Medicine who wish to acquire more clinical and laboratory experience
by working with patients under the guidance of the laboratory staff. Oppor-
tunities are available to work in thyroid diseases, hematology, radioisotope
localization studies, and related areas.

Miss Cecilia Salazar (Venezuela) received special training on the Anger
Camera, from October 17 to November 9, 1973.

Dr. Samuel Gracia (Puerto Rico) third year resident in the Radiology
Section of the UPR School of Medicine, received training in Nuclear Medicine
from December 1-13, 1973.

Dr. Rafael Rodrfguez (Puerto Rico) Resident of the Pulmonary Function

Laboratory, from March 7 to March 28, 1973 (one day a week). Observed

special tests for lung studies.

iy
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Elective Course in Nuclear Medicine

A 3 week Elective Course in Nuclear Medicine was presented at the UPR
School of Medicine and is included in the plans for this year. From Sep-
tember 27 through October 16, 1973, the FElective Course in Nuclear Medicine
was given to Mr. Crist&bal Picé Martinez, a fourth year Medicine student of
the UPR School of Medicine.

Nuclear Medicine Course in Hematology

From November 7 through December 14, 1973 a Course in Nuclear Medicine
for 5 Hematologists was given at the request of Dr. F. Muriiz, Head, Hema-
tology Section, University District Hospital, UPR School of Medicine.

Elementary Course In Nuclear Medicine

On February 19 a new course was started in this Division with an enroll-
ment of 29 technicians working at different Nuclear Medicine Laboratories in
San Juan. The course consists of 22 lectures dealing with the application of
radioisotopes in Medicine.

Participation in Courses offered by other Institutions

On Januvary 20, 1974 the Course in Nuclear Medicine for Radiology Residents
ended. This course began August 15, 1973 with 12 residents. Dr. Aldo E. La-
naro, Director of this Division, participated organizing the course and was
assisted by Dr. Rene Dietrich in offering some of the lectures.

An QOrientation Coursec in the Clinical Application of Radioisotopes, Sep-
tember 25 - October 9, 1973, was offered to 59 students eanrclled in the
Medical Technologists Course at the UPR School of Medicine.

Dr. Alde E. Lanaro, by request of Dr. C. Baldizén, gave two conferences
to second-year Medical Students in Pathology at the UPR School of Medicine.

The new curriculum of the School of Medicine has included in its Human
Biology I section, topics and activities related to radiocisotope applications
in Endocrinology. The GClinical Applications Division participated in two
sessions on case presentations; two conferences, one on Thyroidal Physiology
and another on Thyroid Function Tests, and one demonstration of the different
tests used for the diagnosis of thyroidal dysfunction. This activity was
given to a group of 40 first-year Medicine Students at the School of
Medicine (UPR).

B. Research Completed (see also publications in Section 12).

1. Daily Todine Ingestion with the Natural Diet of Puerto Ricans.
This study involved 181 Todurias Ffor 131 female and 50 male
patients ranging in age from 5 to 72 years. Of the total cases, 113 were from
coastal areas and 68 from the interior of the island. Uptake of 1311 was obtained
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for 131 persons and the iodine content in potable water was determined for

15 samples (8 from the coast and 7 from the interior). The average iodine
intake was computed to be 318.4 ug daily, while the figures for rural coastal
and interior populations were 323 and 388 ug, respectively, and for the urban
populations, 270 and 346 ug, correspondingly. Iodine intake, then, was comn-
sistently higher for people in the interior (See item 1 under publicationms,
Section 12).

2. Differences in the Normal Values of the Red Blood Cell Survival
Marked with 21Cr. The study of Red Blood Cell Survival was completed on 20
volunteers: 11 women and 9 men, with ages varying between 21 and 51 years.
For the technic used in this laboratory a value of 36.1 + 3.5 days was obtained
within the range of 28.5 and 42.0 days. These results differ from those ac-
cepted by many authors of papers published in the open literature on Nuclear
Medicine. This study was dene in collaboration with Dr. Antonio Bosch and
Miss Zenaida Frias from the Radiotherapy and Cancer Division of the Puerto
Rico Nuclear Center.

Research in Progress (see also Research Progress Table)

1. Effects of External Irradiation of the Normal Thyroid and
Pituitary Gland. This work is an extension of published work in this Division,
several years ago. The idea was to study the variations of thyroid function
with methods not used previously. As we have not been able to obtain special
funds for this study, the number of patient studied is relatively small.
Studies were started on 10 new patients (8 thyroid and 2 pituitary). In ad-
dition follow-up studies were continued on the patients from the previous
year for a total of 23 cases (16 thyroid and 7 pituitary). Fifty-eight com-
plete studies were performed including the following tests: T-3, T-4 plus
clinical laboratory studies done at the San Juan Municipal Hospital by Dr.
Carmen Saenz, who is collaborating in this project. We lost 6 patients
from death (5) or failure to attend the appointments (1). The purpose is
to gather a significant number of patients and do a follow-up in order to
observe function variations for a period of 3 to 5 years.

2. Follow-up of Hyperthyroid Patients treated with 1311. Once

again (see 1970 Annual Report) hyperthyroid patients treated with 1311 in this
Division were asked to come for an annual check-up. Clinical examinations and
thyroid uptake tests were made on 106 patients. The condition of these pa-
tients at present is as follows: Hypothyroid - 31; hyperthyroid - 10;
euthyroid - 65.

3. Lung Scanning in Children with Congenital Cardiac Malformations.
This study, started in 1970, was continued with the collaboration of the Pedi-
atrics Department, UPR School of Medicine (Drs. A. Martinez Pic6, Jorge Sdnchez,
Agustin Muficz) and Dr. René Dietrich. Very satisfactory results were obtained.
This year, 8 tests were performed on 8 patients. The diagnoses were as follows:
Fallot's Tetralogy, 7; Pulmonary arterio-venous fistulae, 1.

The paper "Lung Perfusion Determinations in Fallot's Tetralogy
using Gammagraphy' was presented by Dr. René Dietrich at the 71lst Annual
Meeting of the Puerto Rico Medical Association, San Juan.

-6-




Clinical Applications Division Form 189

4. Measurement with the Whole Body Counter of Vitamin Bjs Ab-
sorption in Patients with Intestinal Malabsorption. Work done in collgh-
oration with the Medicine Department, UPR School of Medicine (Dr. J. J.
Corcine). The data collection for this project was continued (see 1970,71
Annual Reports). The following was accomplished in 1973: 48 tests in 41
patients were performed, as follows:

Tests Patients
Tropical Sprue (before treatment) 4] 41
Tropical Sprue (treated) 7

The paper "Assessment of Vitamin Bi2 Absogption in Tropical
Sprue Utilizing a Whole Body Counter" was presented by Dr. J. J. Corcino
at the 71st Annual Meeting of the Puerto Rico Medical Association, San Juan.

5. Measurement with the Whole Body Counter of Vitamin Bi2 5700
Absorption in Children with Intestinal Diseases, During this year the col-
lection of data of this project was limited, to only 1 test, due to the fact
that, Dr. Pedro Juan Santiago has assumed academic responsibilities at the

UPR School of Medicine that take up a great deal of his time.

6. Isotopic Angiocardiography in Congenital Cardiovascular
Diseases. Work done in collaboration with the Pediatric Department of the
UFR School of Medicine (Drs. Jorge Sdnchez, A, Mufioz, A. Martinez Picé).
This work started in 1971 (see 1971 Annual Report). Work during 1973 has
involved 7 patients with 7 tests. The abnormalities were: Fallot's Tetralogy,
6 and Pulmonary arterié-venous fistulae, 1. Work in this project is
continuing.

The paper ”Radio~angiocardiography in Congenital Cardiac Mal-
formations" was presented by Dr. René& Dietrich, at the Annual Convention,
Puerto Rican Heart Association, San Juan.

made in a reliable way. Tt is expected to have the needed collaboration of
the Medical Physics Section to make these adjustments and to be able to
begin work.

8. Dynamic Studies of the Esophagus Transit. With the collaboration
of Dr. Antonio Bosch from the Radiotherapy and Cancer Division, PRNC, we began
the analysis of the esophageal transit with the Anger Camera with the idea of
improving the technic described by Kasem for such studies. The technic has
been applied in 30 verified carcinoma cases, using it also to follow the evo-
lution of some of thoge patients under Radiotherapy treatment. 575 patients
came from the Cancer Control Office (Drs. Isidro Martfnez and Lucy Toro de
Berrtfos) to try to determine the early detection of the esophagus carcinoma.
Another group of patients with different pathologies of theesophagus is being
studied with the collaboration of the Medicine Department (Dr. C. Rubio) of
the UPR School of Medicine to test the method for diagnosing variations.
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Up to now, 20 patients have been studied for the verification of the diagnosis.
X-Ray Films have been obtained with the classic study of the esophagus in 95
cases and esophagoscopy in 60 patients.

The paper 'Dynamic Studies of the Esophagus with Radioisotopes
of Short Half-Lives' was presented by lr. Aldo E. Lanaro at the 71st Annual
Meeting of the Puerte Rican Medical Association, San Juan.

9. Use and Usefulress of 67Ga in Tumor Localization. The 67Ga
application study was started for obtaining tumor images, especially in the
lymphoid tissue. The results obtained up to now are satisfactory and several
cases are being gathered to make an analysis of the same. fwenty-nine tests
in 27 patients have been perfocrmed. These studies are being done in collab-
oration of Dr. E. Vélez Garcia from the Departwent of Medicine, UPR School
of Medicine.

The paper "The Gammagraphy with 67Ga in the Study of Patients
with Lymphomas' was presented by Dr. Aldo E. Lanaro at the 7lst Annual Meet-
ing of the Puerto Rican Medical Association, San Juan.

10. FEvaluation cf Liver Detoxication with Phenobabital 14C. With
the collaboration of the Pharmacy Department, University of Puerto Rico (Dr.
A. A. Rodriguez Olleros) and the Applied Physical Sciences Division, PRNC (Dr.
J. P. A. Castrillén). This project started December 1, 1973.

The urinary eiimination of Phenobarbital 4c in 24 and 48 hours
was measured to evaluate the detoxication tunction of the liver with this
substance. Different degrees of hepatic lesions are produced by administer-
ing a large dose of thyoacetamyde. Fourteen tests were performed on normal
dogs and 10 on normal dogs with a certain degree of lesion. The quantity 1is
not enough to cbtain results.

11. Radiation Injury to the Liver. This study consists of the eval-
uvation of the hepatic functional variatioms in dogs which were previously sub-
mitted to irradiation of the liver. The plan of work to be done bythis Divi-
sion includes measurements of hepatic function with Rose Bengal 1311, scanning
with Rose Bengal 1317 and Sulphocolloid labeled with 99mp. . The tests are
per formed before, during, and at the end of the irradiation. Afterwards, they
are followed for a period of 3 years. The complete tests before irradiation
have already been done on 7 dogs. The work is being continued and is done with
the collaboration of Dr. Victor Marcial from the Radiotherapy and Cancer Divi-
sion and Dr. E. Santiago Declpin from Experimental Suxrgery Laboratory, UPR
School of Medicine.

C. General Clinical Activity

In order to have sufficient patients for training at all times, the
Division offers diagnostic and therapeutic services. The quantity of patients
tested was as follows with a total of 6,397 studies.
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Clinical

Procedure Teaching Teaching Service
Thyroid Studies 536 599 1157
Gastrointestinal 23 24 88
Hematology 3 54 5
Liver Studies 7 27 10
Circulation Studieg 17 51 21
Renal Studies 36 77 93
Organ and Tumor Localization 309 242 711
Water and Electrolyte - 4 -
Anger Chamber

Static Studies 234 279 664

Dynamic Studies 240 163 554
Spleen Function - e B -
Totals 1414 1530 3303

16. Expected Results FY 7

General Considerations

The increased cost of materials and supplies due to inflation with-
out a parallel increase in the budget will force curtailment of Division ac-
tivity. The budget limitations also made it impossible to increase the
personnel needed to carry out the current projected activities, Therefore
it is expected that a reduction in activity will be required.

The Division plans include:

a. Training

The new Basic Course in Nuclear Medicine will be offered on July
1, 1974. The academic level of the course will be raised in order to sat-
isfy the requirements of the participants, both physicians and technicians.
The expanded course will require a greater expenditure for material s, and
also require more time of the technicians and lecturers for its development.
Some changes in the Division's activities can be expected,

Collaborations with the UPR School of Medicine will be increased as
much as possible. Efforts to establish a new Residency Program in Nuclear Med-
icine will continue with the new Radiological Sciences Department of the School
of Medicine (UPR).

b. Research

All the projects mentioned under fiscal year 1974 will be continued

as long as possible adjusting the number of patients in accordance to the avail-
able funds,.




Clinical Applicationg Division Form 189

The project to study anemias during pregnancy received the approv-
al of the Human Applications Committee at the Nuelear Center and the Univer-
sity Hospital. The work will start ipmed Lately with the collaboration of Dr.
J. J. Corcino.

Dr. Jorge Sanchez is preparing a pretocol looking for the possi-
bilities of initiating studies on coronacy circulation in children with con-
genital heart diseases.

We plan to submit a propnsal to obtain special funds for the crea-
tion of a section in Radioimmunoanalysis. Ar this time, we cons ider this new
section very important n the Division and It is impossible to run it with
the regular budget. This new sectivr will permit us to satisfy many training
and research requests. We have rcceived more than 15 requests for training
in this subject from Puerto Rico and other countries of Latin America.

We have 4 concrete studies planned for the proposed new project.

1. Dr. Francisco Azuild, A1 Honorem Member of the Clinical
Applications Divisieon, for the study of Pituitary Gonadotrophin
Reserve in Shechan's Syndrome.

2. Dr. Jorge Sanchez is preparing a protocel about digitalic
action on pediatric cardiopathies.

3. Dr. J. J. Corcine - In vitro and in vivo uptake of Vita-
min Bjp by the intestine microflora present in patients with
tropical sprue. Recent studizs performed with a whole body
counter at this Institution have suggested that the coliform
flora residing in the j:zjunum cof patients with tropical sprue
have a strong avidity for “itamin Bi?. This has been con=~
firmed by preliminary in vitro studies utilizing K. pneumoniae
and E. cloacae, the predominant coliform organisms isolated
frem the upper gastro-~intestinal tract of such patients.

We propose to continue to perform in vitro studics utilizing
both free and intrinsic factor bound Vitamin By labelled
with 57Co. We also plan to determine the in vivo uptake of
B12 by these microorganisms by administering labelled Vitamin
B12 (both free and intrinsic factor bound) to patients with
tropical sprue and aspirvating their intestinal contents at
various intervals in order to asses the uptake of the vitamin
by the intestinal microflora.

4, Dr. J. J. Corcinc - Isotope dilution assay for Vitamin Bjyp.
We are currently involved .n a study concerning the prevalence
and etioclogy of the nutritional anemias of pregnancy in Puerto
Rico. One of the most striking [indings has been that such
subjects have very low serum B1p levels when measured by a
microbiological assay, utilizing L. leichmanii. Studies per-
formed elsewhere have suggested that the sera orf pregnant
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subiects have anp inhibitory substance that interfers with the
microbiological determination of this vitamin. We feel that
such inhibition could be circumvented by assessing the Vita-
min By2 content of serum by an isotope dilution technique.
The principal investigator, Dr. J. J. Corcino, has had exten-
Sive experience with this method, since he worked for two
years at Dr. Victor Herbert's laboratory in New York where
the method was originally developed. We pPpropose to establish
an isotope dilution assay for Vitamin B12 and to compare the
values obtained with this technique with those obtained by
the standard microbiological assay.

We plan to increase the utilization of the Whole Body Counter for
physiological and physiopathological studies if we are able to obtain some

technical and economic support,

17. Expected Results FY 76

General Considerations

It will be very important to obtain an increase in the scientific,
technical, and clerieal personnel needed to carry on the planned activities
of the Division, because the current personnel are overloaded with work.

a. Training

The new Basic Course will continue with the changes indicated by
the experience of the previous year.

Increased collaborative efforts with the School of Medicine will be
promoted.

Depending on the availability of funds, a special post-graduate
tourse in Nuclear Medicine will be offered,

b. Research

Active projects will continue with emphasis on those requiring a
long-term patient follow-up.

We will try to start the study of function changes in other normal
organs after irradiation, in addition to that of lung and thyroid,

An increase in the utilization of the Whole Body Counter in research
will be made.

€. General Clinical Activities

[l
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Description and Explanation of Materials,

Supolies and

other Services.

Other Services FY 1974% FY 1375 Y 1976
1. Power $iL, 500 $1, 500 $1, 500
2, Mechanic Shop Ssrvio-s 1, 000 1, Q00 1, GO0
3. Reproduction Service: 1, 20¢ 1, 200 i, 220
i, Electronic onop Services 1, D00 - —_——
5, Equipment Maintsnance 300 1020 100
6. Transportaticon zrd Communicaticn TO0 4,00 500
7. Miscollaneous 1, O0C -— 200
8, 700 $h, 200 $h, 500

12~




v Deseription of Capital Fguipment by Fiscal Year

1976

Imag= Bnhancement System with Computer- The Inage Enhancement
stom iz a system that tako: gamma image data from the Dyna Camcra and
stores thiz dats in its built-in computer, This attachment is very
‘mrertant for elinieal regesroal and for dymamic studiec. These data
1re neaded in ord=r to offer our trainecs the latest improvement in
technology, too,

Anger Cum=ri- Thz Cszmera we lLave is already overloaded with work,
and with both the dincreasement of our relationship with the School of Medieine
and the intensification of the rozearch projects, Iit's going to be impossible
to cover zll the necsssities with just one Camera.

Therefore, =nother one must be acquired in order to satisfy the
necessitizs and without intcrrupting daily work ‘n case of any failure,
which would ocour more fraguently dusz te the evesss of work relying upon it.

sigw
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APPENDIX B_

FY 1976

Image Enhancement System with Computer $42,000

Anger Camera $75,000

$117,000
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SCHEDULE 189

Additional Explanaticn for Uperating Costs
University of Puerto Rico - Contract No. AT-(40-1)-1833

BUDGET FY-1976
Oak Ridge Operations 189 No. 6

1. Project Title: Health and Safety

2. Security Classification of Project: Unclassified

3. Budget Activity No.: RX 06 01

4, Date Prepared: March 1974

5. Method of Reporting: PRNC Annual Report

6. Working Location: Mayaquez, Rio Piedrasg

7. Person in Charge: Fernando A. Vallecillo

8. Project Term: Continuing Effort

9. Man-Years:

FY-1974 Fy-1975 FY-1976

a. Scientific 4,75 6.25 6.25

b. Other Direct 6.83 7.30 7.30
Total 11.58 13.55 13.55

10. Operating Costs: Fy-1974 Fy-1975 FY-1976

a. Direct salaries including
Fringe Benefits (From

Apperdiy A) 37,000 42,300 46,500

b. Overhead Costs 27,800 31,700 34,900

¢. Travel 800 1,000 1,500

d. Materijals and Supplies 1,600 2,500 4,000
e. Other Services (Itemized in

Item 17) 3,500 4,000 4,600

Total 70,700 81,500 91,500

il. Equipment Obligations: - 3,000 17,500
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12. Dates and Titles of Publications: None,

13, Purpose, Need and Scope:

The Health and Safety Division operates at Rio Piedras and
Mayaguez and provides the services needed for a safe operation in
radiation, industrial and fire safety. It contributes to PRNC educa-
tional and training programs for students fram Latin America and
Puerto Rico.

To implement and enforce our requlations, inspections and monitor-
ing are conducted on a regular schedule. Meetings with Safety Commit-
tees are conducted, some monthly or as they are needed.

Personnel is indoctrinated on safety throuch lectures, leaflets
and films.

The education and research program includes:
1. An M.S. degree program in Radiological Health at UPR
San Juan, offered by the School of Public Health in

conjunction with PRNC.

2, Special training in Applied Health Physics.

14. PRelationship to Other Projects:

The Health and Safety Division is directly associated with all
PRNC projects involving nuclear safety, industrial safety, and radio-~
active and other hazardous materials.
The following services are provided:
a. Personnel monitoring
b. Area monitoring
c. Calibration of radiation monitoring equipment
d. Radiocactive material handling

e. Envirormental surveillance

f. Dosimetry
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15;

ol Decontamination
ha Waste disposal
x, Industrial hygiene

3+ General laboratory safety
k. Tndustrial safety

L Fire safety

m.  Consultation on all matters concerning safety, especial-
ly on radiation and radiocactive materials,

n. Indoctrination of staff members in health physics,
industrial hygiene, industrial safety, and fire
Prevention.

In addition, the Division participates in the teaching and training
of special students in radiation protection, and all phases of safety.
This includes academic and informal courses, seminars, and thesis re-
search. Alsc special training is given to students from latin America.

Technical Progress in Fy-1974:

A. Staff changes

Mr. Efigenio Rivera resigned as Assistant Head in July. He
finished the M.s. during May. Miss Nimia Irizarry joined the Division
in August after finishing her M.S. in Radiological Health.

Dr. Peter Paraskevoudakis resigned as Division Head during
December and Mr. Fernande Vallecillo has been appointed as Acting Divi-
sicn Head,

Mr. Alfredc Vargas was hired in February as Technical Assistant
IT (80%) in Health and Safety, Ric Piedras.

All Health and Safety perscnnel are continuously studying to
keep abreast of new laws and regulations in order to serve better the
needs of PRNC personnel. In spite of personnel and budgetary restrict-
ions, Division responsibilities in Occupational Medicine, Industrial
Hygiene, Industrial Safety, Fire Protection and Radiation Safety have
increased as PRNC facilities have expanded (i.e. dock facilities,
Cornelia Hill, etc.).

B. Services

Service functions are continuously being improved to fulfill
the needs of PRNC. The Safety Coordinating Committee, which meets the
first Tuesday of each month, is camposed of technicians and supervisory
membership and deals with all safety problems that arise. Any new
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recommendations fram this Committee go to the Associate Director or
the Safety Advisory Caomittee in order that the proper action is
taken.

Personnel Exposure: This year new institutions, both
private and State, have requested the personnel monitoring services
provided by the Health and Safety Division. Film badges are
supplied to Dr. Ramon D. Acosta, Dr. Dixon Ramirez, Medical Services
(RUM) , Clinical Investigations Center (Medical Sciences Campus), and
Adjuntas Health Center, in addition to the I. Gonzalez Martinez
Oncologic Hospital, University Hospital, the UPR School of Medicine,
Mayaquez Medical Center, Puerto Rico Civil Defense, Fomento Industrial,
lajas Experimental Station, the Metropolitan Hospital and all PRNC
personnel in Ric Piedras and Mayaguez.

Also services are provided to hospitals in San Salvador.

Surveillance Services: A Bonus Plant surveillance program
continues to be provided by Health and Safety personnel.

The Envirormental Surveillance Program—PRNC is being kept
at the same level as the previous year. Samples of soil, water and
vegetation from the vicinity of PRNC grounds are analyzed monthly.

General Safety: The Division supervises the safe opera-
tion of 4605 Ci, CobV irradiator facility and &'so medical radiation
units at the Radiotherapy Divisicn.

The Division continues the supervision for any Health
Physics probleams of the Triga reactor, the L-77 reactor, the neutron
generator facility and gamma pool facility.

16. Expected Results in FY-1975:

A. BSexrvices
The Division will continue offering and inmproving services.
We expect to canplete our safety program to meet the AFRC and OSHA
requirements.
B. Education and Training
The Division will continue offering the educational and
training courses for students. There are plans to include thesis
work for 1975-76.

17. Description and Explanation of Other Services:

FY-1974 Fy-1975 FY-1976

1. Transportation and
Camunication 200 300 500

2. Shop Services 500 500 500




Health and Safety

Reproduction services
Vehicle charges
Equipment maintenance

Power

Fy-1974 FY-1975
500 600

500 600

100 300
1700 1700
$ 3500 S 4000

189 No. 6
FY-1976
800

600

200

2000

$ 4600
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APPENDIX B

QOST OF EQUIPMENT

Description of Equipment FY-1975 Fy-1976
TLD System - 5,000
Meteorological Equipment 3,000 1,000
Portable Survey Meters - 1,500
Ionization Chamber (Air Equipment) - 3,000
Emergency Ecquipment - 2,000
Medical Equipment - 1,000
Press for Solid Waste Compactation - 1,000
Industrial Safety Equipment - 3,000

TOTAL $ 3,000 $ 17,500













University of Puerto Rico-Contract No.

Additiconal Explanation for Operating Costs

Oak Ridge Operations

1.

g

(VI

10.

i

Project Title: Medical Physics Program

Security Classification of Project: Unclassified
Budget Activity No.: RX 06 01

Date Prepared: March 1974

Method of Reporting: PRNC Annual Report

AT-(40-1)-18 33

Working location: Rio Piedras, Puerto Rico

Person in Charge: Dr. E. Theodore Agard

Project Torm: Continuing Effort

Man-Years: FY-1074 FY-1975 FY-1076

a. scientific 2.0 2.0 3.0

bi. ©Other Direct 2.0 2.0 _3.0
Total 4.0 4.0 6.0

Operating Costs: FY-1974 FY-1Q75 FY-1076

a. Direct salaries including 38,500 40,200 58,000

fringe benefits

b. Uverhead 28 Q00 30,000 44,000

c. Travel 1,000 1,500 2,000

d. Materials and Supplies 1,800 2,000 4,000

¢. Other Services 800 700 2,000

Total Operating Costs $71,000 $74,400 $110,000

Equipment Obligations: —

7,000




Medical Physics Program 189 No. 56

12. bates and Titles of Publications:

D. A. Minot, S. L. Sandiford, A. J. Parris and E. T.
Acard, "Dirierence Field Method for Determining Electri-
cal Conductivity™. Jour. Phys. E: Sci. Inst. 0, 220

(16731,

E. T. Acard, "The Measurement of Calcium in the Lower
Leos by Neutron Activation Analysis Using o -n Sources™.
DIEW Publication (FDA) 73-%029, pp 450-454, March 1973.

13. Purpose. Needs and Scope:

The Medical Phvsics Proeram is mainly a service unit,
responsible for supplving the physics support necessary for
the successtul operations ot the divisions of Radiotherapy
and Cancer and of Clinical Radicisotope Applications., This
provram also trains medical physicists to meet the dire neceds
in Puerto Rico and Latin America, and participates in the
t:aining programs of the above two divisions. A limited amount
' research is also being conducted in related fields. The
t.chnical operations of the Whole Bodv Counter Facility and the
( bbalt-60 Irradiator Facility are also the responsibilities of
this program,

14. Relationship to Other Projects:

As stated in the last paragraph, the purpose of the
Medical Physics Program is to provide services for the divi-
sions of Radiotherapy and Cancer and of Clinical Radioisotope
Applications. Hence it is clesely linked with the activities
ol these two divisions. In addition, however, the Medical
Phy-ics Program collaborates with the Health and Satety Divi-
sion in the graduate training program for the degree of M.S5.
in Radiological Health. The director of the Medical Physics
Proveram became Acting Director of this training program, on
the resignation from the Puerto Rico Nuclear Center of the for-
mer director.

15. Technical Progress FY-1974:

The most important activity of the Medical Physics
Program during this period was putting the new Mevatron XII
linear accelerator into clinical use for radiation therapy.
Among other things, this involved the calibration of the
machine at each mode - 8 MeV X-rays, 3, 7 and 11 MeV electrons,
collecting physical data for dosimetry calculations and train-
ing the machine operators. The data collection has been
sreatly aided by the arrival of an automatic isodose plotter.
The first patient was treated with electrons on September 24,

1973.
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Dr. George Simpson, who is in charge of the Gamma
iolysis Project in the Applied Physical Sciences Division,

Joined the Medical Physics Program on a part-time bhasis in

Jul
dos
of

y lu73i. Largelwv through his efforts, thermoluminescent
imeiry is now available for use in radiotherapy. Studies
TLD applications to high energy electron dosimetry, show

an energy response and, since there are conflicting reports

in

gre

for
eve
New
Ter

the literature on this. further investigations are in pro-
85,

Our efforts to get a4 =mall dedicated computer, specially
radiotherapy dosimetry, rfailed due to lack of tunds. How-
r, with the help or « program from the Memorial Hospital in
York, and the collaboration ot Dr, Avthur Block of the
restrial Ecology Program. progress has been made in starting

some work in this area., by batch processing on the TBM 370-155§
Computer at the main campus ot the University of Puerto Rico.

A,

Iraining

The tolluwing persons received in-service training in
Medical Physics during the period indicated.

Name Country of Uriegin Period
Di. Arturo Sanchez Dominican Republic July-Aug. 1973
M. Victor Veldzquez Puerto Rico Jan-June, 1074

student - of the M, S, degree program in Radiological Health

also worked on seminars supervised by Medical Physics personnel .

The
per

name~ ot students, country oi origin, seminar topic and
tod of artiliation are included in the tollowing:

Mp. Victor Velazquez "Elect ron Dosimetry with Photo-

{Pucita Rico) graphic Film at 3. 7 and 11 Mevyn
{Aue-Dec. . 1973)

Miss Havdee Pereg "Envirenmental Contamination from

(Pucrtg Rien) Radioisotope uses in a Nuclea;
Medicine Department® . (Jan-May,1074)

Miss Brenda Manich "Resolution and Sensitivity Studies
{Pucito Rico) on a Whole Body Scannerw (Jan-June,
1674}
Mr. César Picédn "Geometrical Characteristics of a
[ Pera) 4-crystal Whole Body Counting Facili-

tyn, (Jan-June, 1074)

M. Germdn Ramiresz "Depth Dose Studies on an Eldorado-§

N

tColombia) Cobalt-60 Teletherapy Unitn
(Jan-June, 1974)

lp.‘Robcrﬁo Cuenca "Cal(Dy} TLD Measurements of doses
{Colombia to bables in radiographic procedures"

(Jan-June, LG74)
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B. Research

Dosimetry studices on the Mevatron XII Clinical Lincar
Accelerator:

The isocentric technique is bheing used tor radiothera-
py with “MeV photons. Dosimetry calculations for this tech-
nique involve the use o1 Tumor Maximum Ratios (TMR's) which
have not been reported ror this energy. Measurements are
being made to obtain this data.,

Electron dosimetry at the three avajlable electron ener—
gies, 3, 7 and 11 MeV is also under study with photographic
Film. TID and ionization chambers.

Application ot Litr Thermoluminescence to Electron Dosi-
metry:

studies of the response of Lif thermoluminescent dosi-
meters to various high enersy gamma and beta irradiation
emitted by the Mevatron X11 linear accelerator are in pru-
gress.  Central axis depth dose data obtainced for TLD re-
sults are in good agreement with those obtained using ion-
ization detectors and photoeraphic techniques. Comparisons
arc alsu being made with Fricke dosimeters. TLD responses
at maximum depth dose show a dependence on beta ray ener-
gies,

TLD Measurements of Radiation Exposures to Newborn
Babies with Twao Difrerent Types of X-ray Machines:

Cal, (Dy) TLD was used to measure radiation eXposures
to the sRin and gonads of newborn babies during chest radio-
graphy with field-emission and conventional X-rav units.
Phantom mcuasurements at unit film densities were also made
and show no signiticant dirfference in exposures from the two
units, with dpproximately 7 mr to the skin. 4 mr to the mid-
plane of the phantom. in the beam. and less than 0.5 mr to
the location of the gonads during chest radiography. Patient
measurements agreed with these values for the field-emission
unit but with the conventional unit. skin exposures were in
general higher. up to a factor 2, These differences may be
caused by a lack of density control and greater tlexibility
in the choice ot exposure factors with the conventional unit.
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bvaluation 0l the NS and TDF Concepts as Applied to
Radiotherapy of the Head and Neck as well as the Pelvic

Revion:

A~ A result of the clinical crials organized by the
Radiarion Therapy Oncology Group in which the Radiotherapy
and Caucer Division is participating, evaluations are being
made o the results of spl it -course therapy., compared with
those or continuvous theraps .  The Medicat Physics Program is
collaborating by providing the Nv<D dosimety caleulations,
A well as assistineg in the dnalvsis ol the data.

Dose Response Studies with Neutron Irradiation ot a
Mouse Chundrosarcoma :

Studies have already been made and are still in progress
by the principal invest igator. in Ponce. un the response of
these tumors tg X-ravs., Using the tacilities of the PRNC
HNentron ceonerator in Mayacuez, plans are being made to extend
this wurk to include the Fesponses of neutrons to these types
Of tumors., as there s no evidence of this work beine done
el-sewhere . I js envisaged that ognce th-, project is starpt-
cdo the way would be paved fTor rurther investigsations with
other types of tumors .,

1o, Expected Results in LY-1G75:

With the use of the phyvsical data on our treatment
machine . obtained through the aid ot the isodose plotter, more
~ophisticated trealment planning ror patients should become a
rout ine procedure . 1t should be emphasized liere Chat greater
Precision in tumor localization and treatment will result in
4 reduction of radiation dose to unatiected areas. With more
sophistication in our techniques., this obiective can more readi-
v be 1realizod, Computerized treatment planning should consider-
ably dssist in lipdating our procedures and with the use of the
University or Pnerto Rieo computer tacilities. detailed treat-
ment plans cuan be obtained tor at least the special cases under
clinical investigation. =hould the dedicated computer arrive,
s is hoped, computer prepared treatment plans can be availahle
ror ovepy Paticent, and this would be a great asset to our train-
ing programs,

[he problems currently experienced with TID applied to
electron dosimetry should be soliyed 50 that this technique can
be available fop 1in vivo dosimetry .
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The =talf limitation- will =ti1ll atfect the progress of
work in the whole body counter tacility and in nuclear medi-
cine. However, it is hoped that the results obtained from the
limited work in these areas this vear will pave the way for
rurther advances.

It is also cxpected that there will be closer collabora-
tion between the training program- at Pucrto Rico Nuclear Cen-
ter and related programs in radiclogical sciences of'tered at
the University of Puerto Rico Medical Sciences Campus.

L7 . Expected Results in I y-1uTn:

A a result oir the efforts made by PRNC medical physics
per~onnel during FY-1L075, it is expected that a graduate pro-
gram in medical physics will be oltered through the newly form-
ed Radiclowical Sciences Department of the Ilniversity of Puerto
Rico Medical sSchool. 1he progress made in up-¢rading the tech-
nical operations in radiotherapy and nuclear medicine during
FY-1975, should make the quality of this training at Jeast as
agood as that ol'tered by the better institutions on the United
States matntand,

The work done in FY-1975 will also continue, resulting
in increascd research activities in the three main areas of
medical physics applications, radiotherapy, nuclear medicine
and diagnostic radiology.
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PUERTO RICO NUCLEAR CENTER

1%, Description and explanation of other services:

Other services: FY-1974 Fy-1lo7g FY-1079

1. Telephone

2. Power 1,000.00
3. Transportation and Communication 200.00
4. Shop 300,00 300.00 200,00
5. Reproduction 200,00 2Q0, 00 200.00

O. Reactor
7. Mice
. Computer
0. Vehicle
1o, Equipment maintenance 300,00 2Q0.00 300.00
Lk 5 Vessel maintenance
Lz, Equipment rental
13. Consultant tees

i4. Miscellaneous

Total 500,00 $700.00 $2,000.,00
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Appendix B

COST OF EQUIPMENT

FY-1975 FY-1976
Programmed Computer Console for treat-
ment planning and Dosimetry in Radio-
therapy (funds for purchase listed in
189 for Radiotherapy and Cancer Division) --
Secondary Standard Therapy Level X-ray
Exposure Meter $ 5,600
Radiation Electromecter 1,400
Total ........... . J— $ 7,000
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ADDITIONAL EXPLANATION FOR OPERATING COSTS
UNIVERSITY OF PUERTO RICO-CONTRACT MO, AT-(40-1)-1833

BUDGET FY 1976

Oak Ridge Operation Schedule 189 No. 12
L. Project Title: Medical Sciences and Radiobiology
2, Security Classification of Project: Unclassified
3. Budget Activity No.: RX 0601
4. Date Prepared: March 1974
5. Method of Reporting: PRNC Annual Report
6. Working Location: Rfo Piedras, Puerto Rico
7. Person in Charge: Dr. Frederick F, Ferguson
8. Project Term: Continuing effort
9. Man Years: 1974 1975 1976
a, Scientific 3.70 3.60 4,60
b. Other Direct 3.60 3.36 3.3
7.30 6.96 7.96
10. Operating Costs:

a, Direct salaries, including $83,400
fringe benefits and Christmas
bonus (See Appendix A)

$83,500 $102,500

b. Overhead Costs 62,500 62,600 76,900
¢. Travel 500 1,900 2,000
d, Materials and supplies 2,000 6,800 7,100
e. Other Services (See Item 17) 8,100 9,700 11.500
$156,500 $164,500 $200,000
Equi pment $700 -- $40,000
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11. Dates and Titles of Publications:

For publications, see Schedule 189 for Virology, Schistosomiasis
and Fascioliasis Projects.

12, Purpose, Need and Scope:

The Medical Sciences and Radiobiology Division is committed to the
study of the tropical diseases, particularly those due to viral and para-
sitic infections. Radiobiological techniques are used where feasible to
resolve problems related to the ecology and host~parasite retlation-
ship to provide a rational approach to control, Other disciplines
utilized are biochemistry, immunology, electron microscopy, and
tissue culture. The diseases currently under study are those due
to viral infections, helminthic infections caused by Schistosoma
mansoni, and Fasciola hepatica. Limited studies on tropical sprue
are under way This program is structured not only to gain and apply
new knowledge, but to afford training opportunities for candidate
scientists from Latin America.

Specific objectives are as follows:

1. To utilize radiobiological technigues in resolving problems
related to regional tropical diseases at the organism,
cellular, and molecular levels,

2. To provide research training in selected tropical diseases
using radiobioleogical techniques.

3. To conduct graduate-level courses in radiobiology, virology,
parasitology and immunology with emphaszis on biomedical
applications.

4, To assist various departmentsof U.P.R. in advance degree
programs,

5. To direct seminars on specific tropical diseases, their causa-
tive agents and any host-parasite relationships; to provide
general seminars in medical parasitology.

6. To collaborate with and give support when possible to investi-
gators in insular institutions; with special reference to

research requiring unusual or sophisticated equipment,

7. To maintain tissuve culture facilities for research and
training programs.

8. To maintain experimental animal colonies in support of research,

2
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13. Relationship to Other Projects and Agencies

Collaborative interests and needs of investigators in other
Divisions and those outside the laboratory are respected and
supported as far as possible, Exchange of information and familiari-
zation with research programs in the professional community are
practiced by staff members as indicated below,

Further to the above endeavors some fourteen ad honorem appeint-
ments in this Division are held by personnel from the UPR School of
Medicine, U. S. Public Health Service Laboratory, Puerto Rico Depart-
ment of Public Health, Puerto Rico Department of Agriculture, Ponce
Oncological Hospital, and UPR Agricultural Experiment Station.
Members of this Division holding ad honorem appointments at the
School of Medicine and the UPR Department of Biology are Doctors
Frederick F. Ferguson, Raymond A. Brown and Jorge Chiriboga.

Dr. Frederick F. Ferguson is Associate Professor, Department of
Medical Zoology, UPR School of Medicine. Services to other PRNC
divisions ineluded teaching activities in the Physical Sciences

and Chemistry, Health and Safety, and Clinical Radioisotope Applica-
tion Divisions. Some examples of cooperative activities with out-
side institutions are listed below:

1. UPR School of Medicine - Dr, Julio I. Colén, of the Microbiology
Department, continues to direct the research on viruses and
participates in the training program of the Division.

2. UPR Agricultural Experiment Station= Dr. Delffn B. de Le6n, a
veterinarian and parasitologist, works full time on the
fascioliasis program through an agreement with the Experiment
Station, UPR.

3. U.S, Public Health Service - Close liaison is maintained with
their gschistosomiasis and dengue program, with frequent exchanges
of information and materials.

4. Puerto Rican Committee for Bilharzia Control - Doctors Frederick F.
Ferguson, Raymond A. Brown and Lawrence S. Ritchie are members
of this committee., The latter is chairman. The committee ig
currently preparing a Project to evaluate bilharzia in Puerto
Rican lakes.

5. Division staff are contributing to the formation of the Bilharzia
Control Commission of Puerto Rico, a quasi-govermental agency
designed for ultimate elimination of this important disease,

6. Caribbean Committee for Bilharzia Research - The annual meeting
continues providing the opportunity for representatives of
countries where bilharzia is endemic to share research findings
on control methods and review new developments. Also at the
international level contributions were made to the Advisory
Committee on Molluscicides, WHO,
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7.

14,

Puerto Rico Department of Agriculture - The collaboration between
the Division's research on Fasciola hepatica and the Puerto

Rico Agriculture Department was maintained during the year.

The Agriculture Department has provided the following personnel
as part of the agreement with the Puerto Rico Nuclear Center:

One veterinary doctor and two field workers.

UPR School of Medicine - A monthly seminar on medical parasitology
has been jointly promoted by the Department of Medical Zoology,
School of Medicine, the Department of RBiology, UPR and this
Division,

Academic Institutions = Division staff members provided demonstra-
tions and lectures for classes in biology, immunology, vixology
and parasitology at U.P.R, (Department of Biology and the School

of Medicine), Interamerican University and the Puerto Rico Junior
College. Beside these institutes, selected public and private
school students received orientation on their experiments to be
presented at the Ammual Science Fair,

Technical Progress in FY-1974

1. Education and Training

Thesis Research Completed

The following students have completed their M.S. Thesis Research:

1. Mr., Freddy Medina (Dominican) "Bioclogical Control of Snail
Vectors of Trematodes by Means of Toxic Plants: Definitive
Screening and Comprehensive Laboratory Evaluation of Solanum
nodiflorun against Lvmnaeids" (with Department of Biology,
Uy Py Ry

2. Mr. Gualberto Borrerc (Puerto Rican) "The Effect of Gamma
Radiation on Viral Infection: Reactivation of Coxsackie
Virus (Type A-10) and Sindbis (AR-86 Strain) in Immune
Animals" (with Department of Microbiology, School of Medicine)

Thesis Research in Progress

The following students are conducting research basic to Ph.D, Theses:

1. Mr., José Carrasco {Puerto Rican) '"Genetic Analysis of the
Microsporum gypseum Complex at the Molecular lLevel" (with
Department of Microbiolegy, School of Medicine)

2. Mr. Felix Liard Bertin (Puerto Rican) "Ultra-structural Aspects
of Schistosoma mansoni" (with Department of Medical Zoology,
School of Medicine}. This work is part of the divisional
Schistosoma project.

3. Mr. Eddy Rios (Nicaraguan) "Radiation for the Reactivation of
Viruses from Latency'" (with Department of Microbiology, School
of Medicine, U,P.R.)
4
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M,

5. Thesis Research in Progress

Ann Sukri Mercer (Puerto Rican) "The Effect of Gamma Radiation
on Viral Growth in Sindbis Infected L Cell Monolayers' (with
Department of Microbiolegy, School of Medicine)

Robert R, Saylor (Puerto Rican) '"Detection of Herpes simplex
Type 1 and 2 in Puerto Rico in Human Exfoliative Epithelium of
the Cervix by the Tmmunofluorescence Technigue' (with Department
of Miecrobiology, School of Medinice)

Eduardo M. Durdn (Panamanian) "Radiobiological Techniques Applied
to the Life Cycle of Sepedon caerulea (with Department of
Biology, University of Puerto Rico)

Formal Courses for Academic Credit

FRNC 510 "Radiational Biology', was taken by the following

students Roberta E, Cuenca-Fajardo, Colombia; Eduardo Dur#n Sands,
Panamd; Cesar Picén Chavez, Peru; German Contreras Ramfrez, Colom-
bia; Rosalinda Gonzalez, Brenda Manich, Cruz M. Nazario, and Haydee
Perez from Peurto Rico. Professor, Dr. Jjorge Chiriboga.

PRNC 515 "Radiational Effects on Mammals and Humans', was taken
by the following students: Abrahao Hazi-. Clivs, from Brazil;
Santiago Gémez Figu:roa, Plumey Colén, Hilda M. Santos, Asterio
Portalatin, Nimia E. Irizarry Cancel and Victor M, Veldzquez,
from Puerto Rico. Professor, Dr. Jorge Chiriboga.

support University Biomedical Education Program (SUBE)

This federal program provides opportunities for undergraduate

and postgraduate students from limited socio-economic backgrounds for
research and stimulation of creativity in the biomedical sciences and
related areas,.

Participants;

1. Justo 0. Ramirez, who is being familiarized with the mainten=
ance of the Schistoscma mansoni cycle in the laboratory.

2. Enid A. Acosta, who studied the molluscicidal effects of
prolonged application of TBTO (tri=n=butyltin oxide) on
Lymnaca cubensis, a pasciola vector snail in the laboratory
during fall and spring semesters.

Oak Ridge Associated Universities {ORALD

Mr. Freddy Medina, an instructor at the Puerto Rico Junior College,

was an ORAU Research Participant. He worked with a student, Miss Enid

A. Acosta asa summer ORAU Undergraduate Research Trainee on the fol-
lowing:

a. Screening for plants that are toxic to freshwater disease
vector snails,

5
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b, Propagation of selected seedling and mature plants in fresh-
water snall habitats for the purpose of observing any mollus-
cicidal effects,

¢. Lengthy applications ol plant toxicants against life stages
of the vectoral snail, Biomphalaria glabrata, and Schistosoma

mansoni.
In 2 similar appeintment another student, Mr. Joseé M. Fragoso,
helped investigate the effects of proloaged application of four mollus-

cicides against B. glabrata and free~living larvae of S. mansoni.

Special Training

Mrs. Wilma Stolfi de Rotole {(Argentinian) received training for
3 weeks in the use of isctopes in immunology.

Twenty-two undergraduates from the University of Puerto Rico,
Interamerican lniversity and the Puerto Rice Junior College have spent
time at the Division nutside their classroom schedules for familiariz-
ation in schistosomiasis and fascioliasis; intervals ranged from 2-12
months., Two additional persons, one from continental United States,
and one from Colombia were likewise involved. Several of the above
gave limited technical support in research projects,

Lectures-Demonstrations

As noted, a miscellany of specialty lectures and exhibitions of
research materials and methods was provided by the Division staff to
area university classes in parasitclogy and selected high school biclogy
classes. A steady stream of candidate future scientists accrued from
this important endeavour.

Cooperative Tralniony and Research

Research goals of the Divisien were furthered by development of
cooperative plans invelving a number of extramural agencies and in-
stitutions including the Universityv of Puerto Rico Agricultural Ex-
periment Station; Puerto Rico Department ol Agriculture; Puerto Rico
Department of Health; U, §. Departuent of Agriculture; Smithsonian
Institution; Cornell University Department of Entomology; U.P.R, De-
partment of Biology; the Pan American llealth Organization; and the
Departments of Biochemistry, Microbiology, Medicine and Medical

Zoology of the UPR School of Medicine.

Intramural cooperative projects were initiated, for example, the
radic-tagging of hycanthone (or derivatives), the candidate schistoso-
miasis drug, by the NDivision of Physical Sciences and Chemistry; util-
ization of certain data of the Terrestrial Ecology Livision in inter-
pretation of a study of snail vectors of Fasciola and Schistosoma in
a humid coastal belt of Puerte Rico,

&
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New investigations during the vear included some aspects of
alleged algal etiology of tropical sprue, primarily cultural
requirements of Prototheca portoricensis, ecology of the dengue
fever virus, and extensions of the study of plant sources of mol-
luscicides, Progress made within the projects in virology, fas-
cioliasis, and schistosomiasis is outlined below,

2. Research Activities

Research related to radiobiological training activities is
offered at animal, cell and sub-cellular levels. Special empha-
sis is given to studying the effects of radiation on the host-
parasite relationship in various biological systems using tissue
culture, arthropods, snails, and other animals. The USAEC Divi-
sion of Biomedical and Fnvironmental Research sponsors the majo-
rity of the research projects conducted by this Division and
Separate, more extensive descriptions are included in the Pro-
gram 06 Form 189's. Selected projects are outlined below:

Virus Latency

Irradiation of L Cell monolayers infected with Sindbig
virus one to three hours after infection altered the normal
replication cycle of the virus with the irradiated cells produc-
ing five times more virus than the control cells at five hours.
Sindbis virus growth alseo appears to be d sendent upon the
growth phase of I Cell monolayers, Twenty-four hour old monola-
vers infected with this virus resulted in rapid replication of
the virus with complete lysis of the monolayers within 24-48
hours. On the other hand, monolavers allowed to grow to con-
fluence for tern days or more supported virus growth either poorly,
or not at all.

Trypsinization of the monolayers resulted in virus release,
yet the cells did not lose their integrity as no cell lysis was
observed, Infection of the packed monolayers, trypsinization
and then plating on chick embryo fibroblast monolayvers demons-
trated that 100% of the cells were susceptible to viral infec-
tion. However, after six cycles of trypsinization only 8%
of the cells were susceptible to virus infection. Thus a
latent Sindbis viral infection has been developed which can be
maintained for months,

Immunological Schistosomiasgis Studies

The exo-antigens secreted by Schistosoma mansoni cercariae and

eggs have been purified, chemically modified and then labeled with
1257, Radioimmune binding studies have shown that there are five or
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more antigens in both the eggs and cercarial material. The antigens
range in size from approximately 20,000 to less than 3,000 Daltons.
Competitive inhibitors to these antigens exist in the sera and urine
of infected mice. Uowever, normal urine and sera also appear to con-
tain inhibitors to the smaller antigens,

An OQuchterlony precipitation band can be demonstrated between the
sera of infected mice and the urine from normal and infected mice.
The band does not develop with sera from normal mice. It is suspect-
ed that the §. mansoni antigens are similar to host antigens lead=-
ing to cross reaction. Studies with abscrbed sera are in progress.

Irradiation of 3. mansoni cercariae results in stunting of adult
worms., There is evidence that this stunting is the result of an im~
mune response by the mouse. Preliminary data have been obtained sug-
gesting that the injection of aggregate~free purified exo-antigens
into mice inlected with irradiated cercariae partially reverses the
stunting of the worm, This implies a protective effect of the exo-
antigen for the parasitc.

Fascioliasis Exco-Antigen

Immunization attempts using fragmented Fasciola hepatica have
been fruitless. However, we have obtained adequate protection of
rats by using irradiated metacercariae, a fact which leads us to be-
lieve that exo-antigen produced by the live para‘ 'fe is indispensable
in order to produce immunity. We have obtained and purified a series
of proteins marked with 753¢ methionine. One protein specifically
precipitates with lasciola-positive rat serum.

Fascioliasis - Biological Control

The aquatic larvae of scicmyzid flies feed solely on tissues of
freshwater snails and contribute a natural means cof Lymnaea control.
Although a species of Sciomyzidae (Sepedon) was released in lawaiil
for experimental control purposes, no adequate evaluation of the meth-
od was made., For study purposes a dairv farm at Jayuva, Puerto Rico
was selected for the following reasons:

1. There is a high prevalence of bovine fascicliasis.
2. Two rivers passing through the farm and adjeining swamps
are heavily populated with both of the local snail vectors,

L. columella and L. cubensis.

3. Both snail vectors are highly infected with F., hepatica,.

I~

Weather conditions (low temperature and high precipitation)
favor snail propagation.

5. A sciomyzid fly is present (Sepedon caerulea}.

&9}
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Our future investigations will center on artificial massive use
of S. caeruléa for control of snail vectors in this area of high
rainfall. Comparitive studies will be made in areas of lower rain-
fall,

Expected Results in FY-1975

During the coming vear there will be an increased emphasis on
practical measures to improve the control of schistosomiasis mansoni
in Puerto Rico. This will be a cocperative effort headed by the
insular public health authorities but involving the biomedical sci-
ences group in PRNC as well as other agencies active in the field.
Already a study of the use of a very promising molluscieide, TBTO,
in the field is in progress. There will be other such cooperative
efforts,

A proposal has been submitted by the Medical School of UPR to
the National Institute of Health for the establishment of a Cancer
Center in the Puerto Rico Medical Center. One of the staff,
{(br., R. A. Brown) has submitted a project feor the investigation of
tumor antigens &s a part ol this proposal. Personnel in the applied
physical science division also submitted projects which would be part
of the cancer center proposal. The biomedical sciences division may
well serve as coordinator between the chemi-*s and the medical com-
munity. 1f sufficient money is available from the cancer center,
this division will be able to establish the necessary infrastructure
for tumor biology research. One needs both in vitro and in wivg cul-
ture facilities for such studies. Test systems for radiobiological
work will also be necessary.

Determination will be made on any latent characteristics of the
local strain of dengue fever virus.

Life stages of Prototheca portoricensis, the tropical sprue alga,

will be delineated via electron microscope. Work will begin on expe-
rimental infection of laboratory animals using radiobiological methods,

Expected Results FY-1976

It is apparent that immunological mechanisms related to parasi-
tic infection must be understood before vaccination can serve for
control. This can be enhanced through radicbiology, although techni-
cal problems are great. and any worthy contribution will receive wide
acclaim, Current control measures are difficult to achieve, making
refinements urgent. ZEvaluations thereof are inadeauate and require
clarification.

The immunological problems related to cancer can perhaps be best
attacked through careful investigation of tumor antigens, Although
there is good evidence for circulating antigens in patients with ac-
tive disease, little effort has been made to define these antigens
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which are sloughed off the tumor cell surface into the medium,
This appears to be a very important area to investigate and with
important similarities to the biological system of S, mansoni
where the exo-antigens are known to play an important role in
immunity,

Description and Explanation of Major Materials, Supplies and

Services:

Other Services: FY=1974 FY-1975 FY-1976
Power $£2,000 $2,000 $3,000
Shop Charges 1,000 1,000 1,000
Reproduction Charges 1,800 1,000 1,000
Purchase of Mice ————— 1,720 2,000
Transportation and
Communication 200 200 500
Equipment Maintenance 2,800 *3.,500 *3,500
Miscellaneous 300 300 500

Total $8,100 $9,720 $11,500

* To cover the electron microscope service contract and of other
equipment .

Description of Capital Equipment by Fiscal Year:

1976 : Gamma Source

Justification of the purchase of new gamma counter:
There exists in the Division a Picker Liquimat counter which has
the capabilities of ecounting both ¥y and 2 emitting isotopes. Since
there is a heavy work load of ¥ counting for radioimmune assay of
the Schistosoma mansoni exo-antigen and tumor antis ens as well as
liquid scintillation counting, it is not possible to find time for
all the samples. The problem is compounded by the fact that as a
service we are counting liquid scintillation samples for individuals
in the Biology Department-UPR at Rio Piedras, the Medical School and
the Hematology Department of the University Hospital. It would be
highly desirable to have a separate gasmma counter so that the Picker
apparatus can be used exclusively for liquid scintillation counting.

Spectrophotometer

A large scale proposal for the study of pollution upon the
health of several sites in Puerto Rico has been submitted to both
the AEC and the NIH as a part of the proposed cancer center,
Activation analysis will be necessary for the measurement of various
trace elements. Although the neutron activation of necessity must
be done in Mayaguez, it will be necessary to have this&’spectrophoto-
meter for the analysis of the activated samples.

10
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APPENDIX B

Cost of Equipment

Description FY 1975
Gamma counter --

1000 chammel spectrophotometer
with lithium drifted germanium
detector

12

By 1976

$15,000

$25,000

$40,000










ADDITIONAL EXPLANATICON FOR CPERATING COST

UNTVERSITY OF PUERTC RICO -- CONTRACT NO. AT-(Lh0-1)-1833

10,

EUDET ¥Y-1976

Project Title; Animal Service (Mouse Colony)

Security Classification of Project: Unclassified

Budget Activity No.: RX 0601

Date Prepared: March 1974

Method of Reporting: PRNC Annual Report

Werking Location: PRNC-Medical Sciences amd Radiobiology Division

Person in Charge: Dr. Frederick F. Ferguson

a. Principal Administrator: Victor A. Lopez

Project Term: Continuing effort

Man Years: FY-1974 FY-1975 FY-1976

a. Scientific -- =i -

b. Other Direct 1.00 1.00 1.00

Operating Cost:

a. Direct salaries, including $5,300  $5,700 $5,700

fringe benefits and Christ-
mas bonus (See Appendix A)

b. Overhead 4,000 4,300 4,300

¢. Travel - == eame-

d. Materials and Supplies 2,100 3,500 3,500

e. Other Services m==m  emme— L.

Total $11,400  $13,500 $13,500

Less c¢credit for selling of mice 11,400 13,500 13,500
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11. Dates and Title of Publications:

None

12. Purpose, Need, and Scope:

In addition to its principal purpose of providing mice with
specific age, sex,weight, etc. requirements, a small hamster and
rat colony is being kept on a limited basis. This was needed
because of the uncertain and irregular chamnels of procurement of
these animals from the mainland farms., Food, bedding, and caging
equipment continues to be provided to the various projects.

13. Relation to Other Projects.

This project is related to teaching activities of the Divisien
of Medical Sciences and Radiobiology, Radiotherapy and Cancer. It is
also related to the Schistosoma, Virus, and Fasciola research programs.
It also serves cooperative activities between PRNC and UPR Biology
Department and School of Medicine.

14. Technical Progress in FY 1974:

Small production nuclei of two mouse strains are being kept,
In the past, these have been ordered from mainland farms as the mneed
for them arised, However, the shipments have not been satisfactory
either due to long delays,or for unavailality in quanvity or quality
of the animals.

The production of white since was maintained at a suitable
level in accordance with the requirements of the varjous projects.

15.
& Expected Results in FY 1975 and 1976:
16.

Activities will depend upon demand from the research and
training programs,

17. Description and Explanation of Major Materials, Supplies, and Other
Services Items:

During calendar year 74, the price of rodert food increased 34%,
Also, since the annual inventory was increased in number and in
gize of species the food consumption has been increased by 50%. The
compound result has been a doubling of the feeding costs.,

In the past, bedding was procured from local wood shops free of
charge. However, there was no acsurance of getting it at the required
time and most times it was contaminated by wild rodents and insects.
Last year relatively clean shavings were bought for approximately 7
cents a cubic foot delivered on call.

2
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Budget-wise, an increase of $2,000 for materiales and
supplies is deemed necessary for FY 1975. Cost increases in
these items are reflected in subsequent years.
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Additional Explanation for Operating Costs
University of Puerto Rico - Contract No. AT-(40-1)-1833
Budget FY-1976

Qak Ridge Operations: 189 No. 25
Nuclear Applications Division-
1. Project Title: Nuclear Engineering Section

2, Security Classification of Project: Unclassified

3. Budget Activity No.: RX-06~-01

4, Date Prepared: March 1974

5. Method of Reporting: PRNC Annual Report

6. Working Location: Mayaguez, Puerto Rico

7. a. Person in Charge: Dr. Donald S. Sasscer

b. Principal Investigators: Drs. D. Sasscer, A. Gileadi,
K.B. Pedersen, H. Plaza,
E. Ortiz and N, Azziz

B. Project Term: Continuing Effort

9. Man Years: FY-1974 FY-1975 FY-1976
a. Scientific 1.37 2.37 2.37
b. Other 1,00 1.00 1.00
Total 2.37 3.37 3.37
lU. Operating Costs: FY-1974 FY-1975 FY-1976
a. Salaries including fringe
benefits (From App. A) 39,500 45,000 48,700
b. Overhead Costs (75%) 29,600 33,800 36, 500
c. Travel 900 1,000 1,000
d. Materials & Supplies 3,000 3,000 3,000
e. Other Expenses
11,250 4,200 6,200
Subtotal $84,250 587,000 $95,400
s ?:igizséroj. $5,050 5,050 9 un(ls?) 9,000 1%

2. AEC Inst. 53,950
Total Operating Costs $79,200 $78,000 $86,400

11, Equipment Obligations: $ ———- 5 2,750 $ 3,500
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12. Dates and Titles of Publications:

: B

o

10,

11,

12,

13.

Azziz, N. Elastic Solid Body Model for Vibrational Even-Even
Nuclei. Bulletin of the Amer. Phy. Sec. Jaunuary 1973.

Azziz, N,, Méndez, R., Imaginary Optical Potential from Partial
Vibration, Intermediate State, Physical Review C, Vol 8, No. 5,
1849-1854 (1973).

Covello, A., Manfredi, V.R., Azziz, N., Hole Vibration States
in N3, Nuclear Physics, A 201, 215 (1973).

CGileadi, A.E., Computerized Cumulative Dose Recording System,
Proceedings of the Seventh Midyear Topical Symposium of the
Health Physics Society, San Juan, P. R., pr 409-414, March 1973.

Gileadi, A.E., Griffin, L., Determinacidn Experimental de la
Désis Gamma en Absorbentes Cilindricos de Plomo. PRNC-163 -
July 1973,

Gileadi, A.E., Kuppusamy, N. Computerized Method for Decom-
posing Gamma Spectra Due to Source Mixture. PRNC-160, June 1973.

Gileadi, A.E., Ndter, C.E., Gileadi, M., X-Ray Diagnosis
Associated Radiation Exposure in Puerto Rico. Proceedings of

the Regional Conference on Radiation Protection, Vol.2, Jerusalem,
Israel, March 1973.

Gileadi, M., Gileadi, A.E., Collimation in Reducing Male Gonadal
Doses in Puerto Rico. Health Physics, 25, 43-49 (1973),

Jordan, C.F., Kline, J.R. (U.S. AEC, ANL), Sasscer, D.S5., A
Simple Model of Strontium and Manganese Dynamics in a Tropical
Rain Forest. Health Physics 24, 477 (1973).

Ortiz, E. Arenas, G., Gas Stopping Power Measurements for Alpha
Particles. PRNC-164, May 1973,

Sasscer, D.S., Jordan, C.F., Kline, J.R., Tritium Movement in
an 0ld Field Ecosystem. Tritium (monograph) . Edited by A. A.
Moghassi and M. W. Carter, Messenger Graphics, Phoenix,

485 - 495, (1973).

Sasscer, D.S., Pedersen, K.B., Gileadi, A.E. Technique for
Evaluating Sedimentation at River Mouths. Completion Report
A-028-R, Puerto Rico Water Resources Research Institute,

pp 34, March 1973,

Sasscer, D.S., Rosado, M. Absolute Flux Determination Using
Ratio of Consecutively Produced Radioisotopes. PRNC-166 (1973).
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13,

14.

Purpose, Need and Scope:

The primary purpose of the Nuclear Engineering Section is to
teach graduate courses for the students of Nuclear Engineering
at the University of Puerto Rico at Mayaguez and to conduct
research in this area. The staff also directs the thesis
research of the nuclear engineering students from the University
of Puerto Rico and from the other universities in the United
States and Latin America. In addition, the Section offers short
courses for scientist, engineers, and technicians, and for the
staff members engaged in individual research,

The basic pedagogical method is the presentation of lectures,
strongly reinforced by laboratory work with various tvpes of
radiation counting eguipment, the subcritical reactor and the

PRNC 14 Mev. neutron generator. Facn student is encouraged to
familiarize himself with the use of the analog and digital com-
puters available on Campus, as well as to present a seminar on

01s research to the PRNC staff. The students are guided to choose
research topies related to their specific interests and those of
their sponsoring organizations. Some of the areas in which recent
thesis research has been conducted are:

1. Reactor neutron flux measurements

2. Reactor material parameters (diffusion
length, total cross section)

3. Activation analvsis

4, In situ leaching of copper ore
5. Gamma dosimetry

6. Population radiation exposure

7. Food trace element determination

Relationship to Other Proiects:

The University of Puerto Rico at Mayaguez, in close cooperation
with PRNC's Nuclear Engineering Section, offers the Master of
Science degree in Nuclear Engineering. The closeness of this
relationship is illustrated by the fact that the faculty of the
UPR Department of Nuclear Engineering is composed largely of
staff members of the PRNC Nuclear Engineering Section, and the

Director of the UPR Department is also the Head of the PRNC
Section.
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15.

In additiom, the PRNC Nuclar Engineering Section provides the
classrooms, offices, laboratories, equipment, and administrative
personnel necessary for the education and training of the UPR
nuclear engineering students. The requirements for the Master's
degree in Nuclear Engineering is 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.

In addition to working closely with the Department of Nuclear
Engineering of the University of Puerto Rico, the Division is
providing coordination between the consulting firm United
Engineers and the Division of Radioecology of PRNC in the
preparation of an environmental report for the Puerte Rico
Water Resources Authority for a nuclear power reactor site at
Islote, Puerto Rico.

Technical Progress in FY-1974;

A. Teaching
Special Courses

Short courses, varying in length from one week to three
months and covering a variety of topics related to nuclear
engineering, are offered approximately once a year for
scientists, engineers and others who have an interest or
need for knowledge in the nuclear field.

During the first week in June one-week Summer Workshop on
"The Risks and Benefits of Electrical Power Generation in
Puerto Rico™, carrying one hour of academic credit, was
offered for high scheool science teachers. This workshop

was jointly sponsored by the United States Atomic Energy
Commission, the Puerto Rico Nuclear Center and the Mayaguez
Campus of the University of Puerto Rico and by the Puerto
Rico Water Resources Authority. The purpose of the workshop
was to provide secondary science teachers with sufficient
background to enable them to guide their students and com-
munities towards a more factual and less emotional consider-
ation of the risks and the benefits of electrical power
generation in Puerto Rico.

Thirtv four participants from 17 different cities and towns
throughout Puerto Rico attended the workshop.
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15. Continued

Master of Science Degree Program

UPR, in close cooperation with the PRNC Nuclear Engineering
Section, offers a Master of Science degree in Nuclear Engi-
neering. Students with a bachelor's of Science in Engineering
and a grade average above a prescribed minimum are eligible for
the M.S, Program. Requirements for the M.5. degree include 30
credit hours of graduate course work, a thesis, and a final
cral examination.

During 1973 a total of 19 graduate students were enrolled in the
Master of Science degree program in Nuclear Engineering. S§ix
of these students graduated with the Master of Science degree in
Nuclear Engineering in May 1973. Three of these students were
from the U.S. and one each from Colombia, Venezuela and India.
Six students are now primarily engaged in thesis research, most
of whom are expected to graduate in May 1974, and the remaining
seéven are taking a full load of academic course work.

The topics of the twelve thesis projects in which Nuclear Engi-

neering students were conducting research during 1973 are listed
below. Six of these completed projects were of the six students
who graduated last vear.

Name Title of Thesis Major Professor
Alcaraz Juan R. *Experimental Determination of H. Plaza

Thermal Neutron Diffusion Length
of Water as a Function of Temper-
ature Using (n, § ) Reactions

Arenas Rosillo G *Gas Stopping Power Measurements E. Ortiz
for Alpha Particles

Griffin, Luciano *Experimental Determination of the A. E. Gileadi
Gamma Dose Absorbed into a
Cylindrical Calorimeter

Kuppusamy, N. Computer Aided Decomposition of A. E. Gileadi
Gamma Spectra Emitted by Mixtures
of Certain Radicactive Nuclides

Lebrén, D. Natural Radiation Exposures in A, E. Gileadi
Puerto Rico

Lingappan, K. Determination of the Concentration H. Plaza
of Trace Elements in Some Foods in
Puerto Rico Using Instrumental
Neutron Activation Analysis

Lopez Sullivan P. Applicability of the Activity Ratio D. §. Sasscer
Technique for the Determination of

Various Nuclear Parameters.




Nuclear Engineering Section

15. Continued
_Name

Michelen, J.

Musalem, A.

Rodriguez, T.

Rosado, M.

Ufret, R.

* Completed

The academic courses of the Universitv of Puerto Rico

Title of Thesis

A Technique for Measuring Gas

Stopping Power of Alpha Particles
Using two Solid State Detectors

Cemputation of Operating History
and Ccoling Time Dependent Fission

Product Inventories, Related
Radiation Levels and Thermal

IFffects.

*Thermal Neutron Flux Measurements

for the Triga-Flip Reactor of
Puerto Rico Nuclear Center

*Absolute Flux Determination Using
Activity Ratio of Consecutively

Produced Radiocisotopes

Determination of the Prompt

Neutron Decay (onstant by Means

of Stochastic Methods

members of the Division were:

Course

First Semester

No.

of Stud.

189 No. 25

Major Professor

NuEg 605 Elem. of Nuc. Eng.

NuEg
NuEg
Nulg

NuEg
NuEg
Nukg
Nukg
NuLEg
NuFg
Nukg

NuEg

621
603
699

622
625
626
blé
696
699
551

501

Reactor Theory

Nuc. React. Meas. & Instrum.

Research

second Semester

Adv. Reactor Theory
Nuc. Reactor Design
Reactor Laboratory
Seminar

Special Problems
Research

Introduct. to Nuc. Eng.

SUmme r

Power Ceneration

[o AN LN RN

[
N e L B B

34

E. Ortiz

A. Gileadi

K. Pedersen

D.S. Sasscer

A.E., Gileadi

taught by

Professor

D.5, Sasscer
A.E.Gileadi
. Plaza
All staff

A.E. Gileadi
H, Plaza
iI. Plaza
All gtaff
A.E. Gileadi
All staff

D.S5. Sasscer

All staff
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15,

16,

17.

Continued

B. Research Progress

The research progress of tle Division is summarized in the
attached Research Status Report,

Lxpected Results for FY-1975:

The Division will continue to offer the academic course work

and thesis research direction required for the Master of Science
degree in Nuclear Engineering. We expect 17 students actively
engaged in the Craduate Nuclear Engineering Program during FY-1975.

During the Summer of 1974 the Division will cooperate with the
Department of Nuclear Fngineering in offering a special Summer
Workshop on the Risks and Benefits of Electrical Power Generation

in Puerto Rico which will be held for high school science teachers.
The workshop is sponsored by the USAEC in close cooperation with

the University of Puerto Rico, PRNC and the Puerto Rico Water
Resources Authority. The purpose of the workshep will be to familiar-
ize the participants with electrical power generation in Puerto Rico
and the impact this will have on the environment,

The workshop is jnintly sponsored by A.E.C,, PRNC, UPR and PRWRA.
Funds will be provided by AEC, facilities by PRNC, and lectures
by the UPR, PRNC and PRWRA.

Research will continue in such areas as activation analysis, absolute
flux measurement, and angular dependent cross section, and the
environmental aspects of reactor siting and operation.

We hope to continue and expand the work being performed for PRWRA

in relation to nuclear power plant site selection and in addition,
to develop several feasible studies related to future energy sources
for the tropics in general and Puerto Rico in particular.

Expected Results for FY-1975:

The Division will continue to offer academic programs related to
the Master of Science degree in Nuclear Engineering. Our main
research effort will be an expansion and closer integration of our
research with the life sciences. It is hoped to have several
strong, continuing interdisciplinaryv research projects in operation
during this vear.




18. Other Expenses FY-1974 FY-1975 FY-1976

1. Power $ 2,000 $ 2,000 § 2,000
2. Trans. & Comm. 200 200 500
3. Shop Charges 1,000 1,000 1,500
4. Electronic Charges 2,000 —— ——
3. Reproduction Charges 1,000 1,000 1,500
6. Miscellaneous 5,050 —— 700

TOTAL (carry to page 1)S11,250 $ 4,200 $ 6,200
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19. Description of Capital Equipment by Fiscal Year.

Itemized on Appendix B.

Item

1, 2, 3, 4,

FY-1974 FY-1975 FY-1976

At the present time we have 13 graduate students,
the largest number we have ever had, and we expect
a4 great number next vear. In addition we are
moving in our research towards nuclear engineering
applications in the environment. This usually
necessitates the utilization of sofisticated
radiation detection and counting equipment. These
items will enable us to a) increase the size and
versatility of our teaching laboratories and

b) improve the qualitv of our radiation related
research.
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APPENDIX B

COST OF EQUIPMENT

189 No. 25

DESCRIPTION OF EQUIPMENT FY-1975 FY-1976
1. Scaler 51,500
2. Gamma Beta Detectors 1,250
3. Shielding $1,000
4. Computer teletype terminal with 2,500
audio-coupling
TOTAL $2,750 53,500




% X (dooqaxal)futasautduy aearany uf
TpEAfId Y’y s§eiqulg o3 sucrinfey pazTizindwo)
FERERN
x X X X X R— i spoyIak
FPERLID U 1SEYS03S JuIsy 7 g0 JUSUIINSEI,
5 5 XOT] DIRTOSQY
X X X X X ¥ zadg 4 FUTUTIA1A] JOo pOYIaN ado)
1308585 "7 |LosTOTpERy PAdNpol] Sr8ATINDaASU0)
K X X X X e uBToYITK [ SIUSlIINSBIL
ZT30 tY lameg Burddolg araraae) emdry
T ueddeBurT -y
b o e b X ke uasIapal "4y Q5TY 033ang u! Spoo. fwoy url
. REel || SIUSWATY [IEIL JO GOTIEUTEIDII]
% " % ¥ i — A3orooy ur sanbru
¥ aTSERE Ty N ;
A : : - S s durisoutiu: 1o uoTieorTddy oy
v b ¥ e by ¥ w e WITTEN Y SAT2030 uy Lianper,] UCIsst
TREATTY Y BUCRIAII 01 WR3say Pz tiaindwo)
¥ ¥ ¥ % v I % y « P —— BINTEXST AT, O T TN
B 50 51240000 Q040 SA1ALET
IB3ISNEY Ty
N PICTIPRIL] U: DOLIITIPOL, S0,
¥ ¥ N X £ X ¥ Ed [REEP I EE B s 8803 UNEIBITOMY RUDLTY
2122V Y rIuty It A0l Jau yJdng
¥ ¥ ¥ ¥ X ¥ N . mnm.mr. _ STLi4D1R BO0ALI0L P
AEAEEY UL UOTEN]GIG dednay puday
: [ UQTIIRIANU[ I3 )] ualinas
A i £ 5 ¥ i % £ o1y I 7o a0 TR LISeAn] TEIUmY aaday
¥ X X N v b { UREIAPDL G IHA Jo 103oeen diri-wiErip ol
zantdripoy 1 I CHPaX XNT4 undieaN TRLIan]
o YT TR TR
’ i x X X X .2 X ¥ uRsIupad Uy SPOOf UBDTY @3den Ul UOTIET
ZAT1LUIN [ - TwIan [RIA, 10 UOIIBUTeds)adn
X X X S X X X 7ILZY TN B zordmr wojoz; &y
Q1 jo uoTIBITINY JRUOCTIEIqL)
saig u) | Peideooy penuangt  gury ieuiy | ybnoy |[pezuefig| aseidwon| uegup |quvdaud
WRHAF e SHOLYOILSIANI 31LL 133r0Yd
SNLVILS NOWLYIIENd NOILVHVYdIUd LJIHOSNNYW 431237100 vivQ 000U

$S3YI08d HOUVISIY



% X ko voaqat GoTyY ojrang wi
{ TREATTYG "3V punozdy¥oey (eANlEy 03 FAnsodx
X x 2313 ') sjuauodeo] 10308y ur Ies,
IPUATIY "y PIINPUT UCTIIBLPEY 40 uoiicinduo
$s3ug u| pauding | jeury guy | ybnoy | paniuebig ] sepdwio) | kg vl | QIHVAINEd
-t
AYNYNOF mes | ~ % SHOLYDILSIANI 3101 133r0Ud
SNLVLES NOILYIIIENd NOILYHYdIYd LdIHISNNY W 031237702 viva 1000108

SSI¥O0Hd HIYVISIY












Schedula 189

Additional Explanation for Operating Costs
University of Puerto Rico - Contract No. AT-(40-1)-1833
Budget FY-1976

Oak Ridge Operations 189 No. 3

1.
2.

10.

11.

Project Title: Nuclear Applications Division-Nuclear Science Section

Security Classification of Project: Unclassified

. Budget Activity No.: RX 0 O

- Date Prepared: April 1974
. Method of Reporting: PRNC Annual Report

- Working Location: Mayaguez, Puerto Rico

- a. Person in Charge: Dr. JuTio A. Gonzalo

b. Principatl Investigator: Dr. J. A. Gonzalo

Project Term: Continuing effort

. Man-Years FY-1974 FY-1975 FY-1976
a. Scientific 1.9 2:5 2.5
b. Other Direct 1.5 1.0 1.0

Total 3.4 3.5 3.5
Operating Costs: FY-1974 FY-197% FY-1976

a. Direct salaries including
fringe benefits (From

Appendix A) $38,000 $41,100 $41,100
b. Overhead Cost
(75%) 28,500 30,800 30,800
c. Travel 1.000 1,000 1,000
d. Materials and Supplies 4,500 3,400 4,000
e. Other Services (Itemized
in item 18) 4,600 3,200 3,600
Total Operating Costs $76,600 $79,500 $80,500

Equipment Obligationc: £ 1,500 $ 500 $ 9,000
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12. Dates and Titles of Publications:

"On y-irradiation effects in ferroelectric KDP," by I. Nazario and
J. A. Gonzalo, J. Phys. Chem. Solids, 34. 921-922 (1973).

"Ferroelectric Behavior of Trigiycine Fluoberillate near T_," by A.
Mercado and J. A. Gonzalo, Phys. Rev. B, 7, #7 3074-3079 (1993).

"Rigorous Scaling-Law Equation of State near the Critical Point,"
by J. A. Gonzalo, Phys. Rev. B. § #7 3482-3483 (1973).

"Equation of State for the Heisemberg Model Near Tes" J. A, Gonzalo
International Conference on Magnetism, Moscow, USSR, p. 282 (1973).

"The Formative Value of the Sciences in an Integral Human Education”
(in Spanish), J. A. Gonzalo Rev. Asoc. Maestros de Ciencias de P.R.
Vol. 3 No. 3 {1973).

"Change of Force Constant at a Point Defect in Solids" by R. S. Singh
and S. S. Mitra, Solid State Comm. 12, 867 (1973).

>

"Long Wavelength (K+o0) IR Active Optical Phonons in NaHF, and KHF,"
by R. S. Singh, J. Chem. Phys. 58, 4703 (1973).

13. Purpose, Need and Scope:

The Nuclear Science Section of the Nuclear Applications Division
supports the Master of Science degree programs in Chemistry and Physics
of the University of Puerte Rico at Mayaquez by providing staff to
teach courses related to nuclear studies, In addition, theses research
facilities are provided for graduate students in the M.S. degree programs
in Physics, Chemistry, Nuclear Engineering, and Electrical Engineering.

The Section also offers research facilities at the pre-doctoral
Tevel in fields of chemistry and physics related to nuclear studies and
material sciences, and will support the proposed Ph.D. program in
Physical Sciences of the University of Puerto Rico at Mayaguez.

To encourage and promote cooperative efforts, the Section maintains
contact with former graduate students and visiting scientists who, at
present, hold academic positions of responsibility in Latin American
research institutions.
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14. Re]ationship to Other Projects:

The Section staff Cooperates freely in the research activities of
the Neutron Diffraction, and Radiation Chemistry Programs.

15. Technical Progress in Fy-1974.

A. Training and Education

in the departments of Physics and Chemistry, and the academic credit
fqr these courses g therefore awarded by the University of Puerto

University of Puerto Rico at Mayaguez, and actively participate in

Graduate Courses

During 1973 eight graduate courses were taught by PRNC personnel,

With academic credit given by the UPR:

Course Professor

Introduction to Solid State

Physics 587 and 597 Dr. R. S. Singh
Radiation Chemistry 608 Dr. R. A. Lee
Chemical Kinetics 73 Dr. R. A. Lee
Theory of Electricity and

Magnetism 661 and 671 Dr. P. P. Delsanto
Nuclear Physics 606 Dr. P. P. Delsanto
Introduction to Physical

Statistics Dr. R. Maglic

Thesis Research

The following students from Colombia, Argentina and Puerto Rico
have completed thesis research under Nuclear Science Section staff

Supervision:
Student Thesis Title

Roberto F. Amaris Radiolysis of Fluoroform

Advisor

Dr. R. A. Lee
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Anibal J. Camnasio

César Pérez Arenas

José A. Moreno-Bernal

189 No. 3
specific Heat and Lattice
Dynamics of TGS and DTGS Dr.
Study of Bent Neutron Dr.
Monochromatizing Mirror
Systems
Energy Transfer in Binary Dr.

Solutions with 1,2,4-Trimethyl
Benzene as a Donor

J.A. Gonzalo

W. Fiala

M-E.M. Abu-Zeid

The following students from Colombia, Paraguay, Cuba and Puerto Rico are
doing thesis research under Nuclear Science Section staff supervision.

Student

Gentil Estevez
Prudencio Martinez

Héctor D. Colman

Josefina Rodrigquez

Maria B. Coldn de Olmo
Luz del Mar Garcia

José Fscabi Pérez

Héctor Santiago Chamorro

Félix E. Fernindez Sanchez

Osvaldo Matos

José R. Lépez Santiago

Thesis Title Advisor
cguaticr of State for
Liguid Vapor Transitions Dr. J.A. Gonzalo
Thermoluminescence Spectra Dr. J.A. Gonzalo
from Alkal? Halides
Gamma [nduced Copolymerization Dr. R. A. Lee
tectron Impact Studies of
Fluorcioluenes Dr. R. A. Lee
Radiolysis of Agueous Solutions
of Difluorobis-ethylenediamine-
Cobalt 111 Nitrate Dr. R. A. Lee
Radiolysis of agueous
solutions of sul fur
containing aminoacids Dr. R.A. Lee
Radiolysis of Pectic Acid Dr. S. Deshpande
& Dr. R. A. Lee
Continuum Calculation of
the Photonuclear Reaction
Cross-Secticons in Zv90 Dr. P.P. Delsanto

Dependence on the Optical
Farametzrs of the Photonuclear
Cross Sections in a Continuum
Calculation Dr.

Raman Scattering of Hydrogen
Bonded fFerroelectric Crystals ODr.

Excimeric ?roperties of
Carcinogenic Compounds Dr

P. P. Delsanto

R.S. Singh

M.E.M. Abu-Zeid




Nuclear Applications Division 189 No. 3
A. Research

Ferroelectric Materials in Energy Conversion. Ferroelectrics
are ideal materials for encrgy conversion. They can store more
electrostatic energy per unit voTlume (U=i/2E:E2§) than any other
dielectric material. The available work, using a new method of
conversion (not previousiy tried as far as we know) involving
purely thermal switching of the spontanegys polarization, can be
estimated as

W=1/2 (EPg) = 1/2 (8P 2)

where 8=4rT./C, Te=transition temperature, C=Curie constant,
and Ps=spontaneous polarization.

Anharmonicity in Ferroelectric Crystals. A modified version
of the dipolar theory has been developed and applied to several
representative ferroelectrics using data near TC. The contribution
due to ionic polarization was taken care of by means of the parameter
K=P4/P (where Pg=dipclar polarization, P=total polarization). While
K=const. for the vicinity of Tes it appears to show appreciable
temperature dependence for Targer temperature intervals. This
dependence can be connected tg increasing anharmonicity as the
spontaneous field grows larger. A generalization of the theory
which takes into account the spontanecus deformation energy of the
lattice leads to a K which 1s a function of polarization. PrelTiminary
results indicate that calculations of anomalous therma] expansion
low temperature spontaneous polarization, elastic constants and
"soft" mode behavior for TGS are in good agreement with the observed
behaviour.

work on TGS and TGFR. A Simple method s applied which, using solely
dielectric data near Te» Teads to the determination of the main
parameters of the theory. The resulting numbers (N) of elementary
dipoles per unit volume appear to be ciose to the numbers of unit

cells per unit volume as determined from crystallographic data. The
elementary dipole moments () are reasonably consistent with observations
of Tow temperature spontaneouys polarization. The mean-field coefficients
() appear to be consistent with an independent evaluation of the
“reaction" field in cases for which quasi-peint-dipoles in the lattices
can be assumed. The relative contributions of the dipolar polarization

to the total (dipolar plus atomic) polarization appears to be larger

in the more ionic ferroelectrics. The transition entropy due to the
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order—disorder process car guduual roy the observed values in most
(but not ail) cases. Ho ddjustable parameiers nave been used.

Elastic and Elasto- Opt;;iﬁ
Using Brilicuin scattering eq
constants of Ammonium perch] :
temperature. The polarized Bri}
the nine elastic constants (°
follows: €71=2.51, Lo d' =0, 86, Cgie 0. 47, Cpp=1.03,
Cy10=1.63, Cyq=1.15, CE =) welye elasto-optic
constants. The1r symmetry seiations and thermodynamic properties

of this crystal were stugies.

':ﬂJPWUJ Perchlorate.

» elastic and elasto- optic
=i measured at room

te rTng Spectra ¥1e]ded

Ferroelectric Specific Heal LCV?E:_ild_H!cg The specific heat
of triglycine sulfate (TGSY and degtoraied :1i igltycine sultate (DTGS),
single crystals, has been mezsured {a) 1n the temperature interval
100-400°K, and (b) arcund the respective critical region. In the
low temoerature side both %hp3(1m9F1aT Cuarves are almost coincident,
as expected, and show 2 markcd tenperature dependence, indicative
of strong anomalous anharmonicity.  The heat of transition (AQ)
1.91+0.10 and 1.30+0. 10 Jouledyg, respectively. The entropy change
is 45={6.21+0.30)xT0"3 soule/g 0, approximately the same for both
crystals. Around the transit 10”, data were collected every © 0.02°C.
The specific heat discentinuity a Tc was substantially different:

=0.24+0.03 joule/q for TGS and QCp—ﬂ 28+0.03 joule/g for DTGS.

?cu]atlons based upon phenomevoicnical and dipotar theory of
ferroeTectr;cs, corrected for pressure deperdence show fair agreement
with these results,

Brillouin Scattering of \adu; airouny the Transition Temperature.
The Brillouin Scattering set-un hzs hesn Imnroved and a new set
of mirrors within a reflectivity o7 63 fe and a Tiatness of /200
has been mounted. This altows & geeater Finesce and contrast,
necessary to resolve some peaks close o the Rayleight peak. The
system is row able to work up *0 5 cm i Jf Frce spectral range,
close to the Tower Timit chizinag wi 4 n Equipment. The first
Brillouin spectrum of NalNUs, 31 room Lomporature, shows transverse
and longitudinal shifts at aboul .26 o' apg "EE cn”'. A special
furnace is now completed to preceed further with the experiments
around the transition temperature (1,.-=1607°C).

.1,-1- T

Temperature Dependence of E?ai_lg Lonsiants in Ammonium
Perchlorate. The elastic anc elasto sptic constants of ammonium
perchlorate have been studied 2t room temperatyre. The Debye
temperature and the Gruneisen constant have been obtained. It is
the interest of the present work to study these properties with
temperature up to and +hf0hbn Lhe tra ukltlon Lengerature.  We have

incorporated pressure scarns ng to cur Brivicuin system and that
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improves stability and resolution that is required for precision
temperature measurements.

Raman Spectra of Triglycine Suiphate (TGS) and Deuterated TGS
in its Para- and Ferroelectric Phases. Plans are to investigate
the Raman spectra of TGS and DIGS near To. Based on the group
theoretical analysis, single crystal speCtra will be studied in
the following polarizations: X{ZZ)y. X{YZ)Y, X{YYYZ, X(yx)z,
Y(XX)Z, Y{ZX}Z, where symbols outside of the parenthesis refer
to the direction of propagation while inside of it to the
polarization. Sample holder and temperature variation facilities
are currently being developed.

Lattice Dynamics of Ammon & um Perchlorate-A group Theoretical
Analysis. Usina group thecretical technique, symmetry properties
of the phonons of NH4C104 throughout the Brillouin zone are being
investigated. This will be helnful in assignment of the phonon
frequencies measured by inelastic neutron scattering method. With
the known zone-center optic and acoustic phoncns by optical
technique, lattice dynamica? properties will be explored.

Excimeric Properties of Larcinogenic Compounds. Spectroscopic
properties of carcinogenic moiscyles are under investigation with
special emphasis on their excimeric properties, energy transfer,
binding energies, as well as thermodynamic properties of these
motecules. An intense laser boam is being used as a source
excitation.

16. Expected Results in FY-1975:

Since the beginning of 1974 4 new line of work is being developed:
study of ferroelectric materials from the point of view of energy
conversion. This application of ferrcelectrics has been pointed
out since the late 50's but the research efforts, at the fundamental
as well as at the zpplied level, have hoen neither, systematic enough
nor sufficiently in depth. Joint research effortc on various
utilizations of solar cnergy in a tropical environment, such as
Puerto Rico, are expected fo grow out from a series of seminars
held jointly by N.S.T.5., PRHC and the University of Puerto Rico,
Mayaguez. A prototype of ferroeleciric converters, with specific
power outputs, will be developed in the PRNC Taboratories.

Raman scattering work on 7G5 and DTGS will be aimed at the
identification of temperature dependence of Tow Tying optical modes
associated with the transition. This would be important in establishing
an analogous behavior for order-disorder and displacive ferroelectrics.
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Brillouin scatfering suoies in 0TG5S will be pursued. This will
give complementary iﬁfo e b ficat modes. The resolution
of this system hat hoon Ln.iuve fderably and further improvements
are being worxed oun by e Yizauez at present.

17.

Thegretical wori o0 & Jatovai siaoist cal amechanical model of
ferroelectricity 1ovoiving ; ction between dipolar and ionic
polarization will be nu i ocoonection with lattice dynamical as
well as with dielectric rsuz’ and thermal oroperties. The
preliminary vesvlts ifna ace bz this Theoretical approach, intuitive
and simple, might hs CUoae wveglk thiveugh in unifying the theory
of ferroelectric mator x

Expected Results ip FY. %70

Continuation of wury of rv.«é»qu‘c enerdy conversion taking
advantage of availabie fi i grovtents witl be pursued. The
feasibiiity of using war-s Fhli ¢ with gradually changing Curie
temperaturas to ‘mprove “rne ofTiciancy will be investigated.

Further studies on iths ~"ﬂiigh 2T state near the critical point
(especially in connectior wits Lijuid-vapor transition) will be
undertaken. Previous work Trvu our group in magnetic and ferro-
electric transition has heer successtul in establishing the useful-
ness of a simple scaling-Yac 2guaiion of state, which lends itself
for straightforward compoeloiien of the wain variables involved.

Light scattaring work or «bi‘!o urderuning phase transitions
such as those of NaNOo and 5T [ faeroelectrics), NHgCl04 and
NDaC104 {solid state Tuels: wiii e undertaken.
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18. Description and Explanation

4

of Other Services:

1. Power
2. Vehicles

3. Equipment
Maintenance

4. Machine Shop

5. Electronic Shop

6. Reactor Services

7. Reproduction Services
8. Computer Services

9. Miscellaneous

10. Purchase of Animals
1. Transp. & Comm.

12. Telephone

FY-1574

$1,000

100
1,000
700

500
500
$4,600

FY-1975

$1,000

500
500

$3,200

189 No.

FY-1976

$1,000

500

500

$3,600

3
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19. Description of Capital Equipment rY-1974 FY-1975 FY-1976
by Fiscal Year (Ttemized in
Appendix B) 51,500 $ 500 $9.000

Accessories to compicta a sasple holder for the Raman Spectrometer
have been purchased. Anctlier naiv of aierors to operate two Fabry-
Perots in tandem have been ardered. This will enable us to have much
higher resolution to study Brillouin srattering peaks sensitive to
phase transitions.

For FY-1975 Suppliementary equipment for high accuracy temperature
control are requested.

For FY-1976 an speciz) cyregenic system to be able to do work at
very low temperatures (+14°K) s requested. Gur present capabilities
for low temperature work i net extend below Tiquid N> temperatures,
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_APPENDIX B

(Cost of equipment)

Description of equipment: FY-1975 FY-1976
Temperature control system $ 500
Cryogenic system $9,000

$ 500 $9,000
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UNIVERSITY OF PUFRTO RICO

SCHEDULE 180

ADDITIONAL EXPLANATION FOR OPERATING COSTS
- CONTRACT NO, AT(40-1) - 1833

Budget FY-1076

Oak Ridge Operations

1.

2

10,

11.
12,

Nivision Title:

Radioecolopy

Security Classification of Project:

Budget Activity No.:

RX 06

Prepared:

Method of Reporting:

March 1974

Working lLocation:

a,

b.

Person in Charge: Dr, K.

Principal Investigator:

Man-Years :
i Ll SR

a.
b.

Scientific
Other Direct

Total

Operating Costs:

a.

o oun o

Fauipment Ohlipations:

Nirect Salaries
including fringpe
berefits % Christmas
Ronus (from Appendix A)
Overhead Costs
Travel
Materials & Supplies
Other Services

Total

None

Dates and Titles of Publications:

01

189 No.

38

Inclassified

PRNC Annual Report

Mayaguez, Puerto Rico
y ’

None

W, Watters
Dr. K. W, Watters
FY-1974  FY-1975 FY-1976
0.20 0,30 0,30
1.20 1.0n0 2.20
1.40 1.3n 2.59
FYy-1074 FY-1975 FY-1076
€15,375 £14,700 t27,500
11,525 11,000 20,500
226,000 €25,700 18,000




Schedule 189
Radioecology

L5,

14,

15.

16,

Purpose, Need and Scone:

The Radioecolopy Division incorporates the environmental
proiects of the Puerto Rico Nuclear Center, and consists
of the following Sections and Projects:

Marine Tiology Section (USAF(C)
Rikini Project
Fnvirormental Impact Studies Section (PRWRA)
Site Selection
Johos BRay
ITslote Marine
Terrestrial Fcolopv (USAEC § PRWRA)
Islote Terrestrial
Fish Culture Proiect (NMFS £ PRDAD
Fisheries and Mariculture R & N Project (NSF)

The Division functions as an organizational and adrinis-
trative unit, and is directed hy Dr. Venneth V. Watters
(Actinpg) and managed hv Mrs, Jean M., Dietsch.

The many requirements of each section and project in the
Division, including coordination with cooperatine research
institutions, use of the research vess.! "R, F, Palumho",
hoats, field and analvtical equipment and lahoratory and
office space, make it necessary to coordinate scientific
and administrative activities.

Relationship to Other Projects:

None

Technical Progress in FY-1074.:

The Division has supplied organizational and administra-
tive support to its sections and projects, enahling them
to devote more time to research activities., In addition,
the Division has started preliminary work in attempting

to obtain teaching opportunities for its research staff
with various academic institutions, These institutions
have expressed interest in an exchange of staff, allowing
their faculty opportunity for research, and in coonerative
teaching programs.

Fxpected Results in FY-1975:

The Division will continue attempting to develop the
above cooperative projects. It is expected that the




Schedute 189
Radioecology

18,

19,

“larine Biology Section will
of near shore environments,
ers from the Iniversity of R
of Oceanography. Administra
of all sections and proijects

Expected Results in FY-1976:

support th
other ongoing programs,

start an ecological study

in cooperation with research-
hode Island’'s Graduate School
tion and operational support
will be continued as before,

is program, as well as the

Description § Explanation of Other Services:

None

Capital Equipment:

None




Seoeaure pEY
RPadioecoloay

“cirentific Personnel

Scientist 1Y
F. ¥V, Watters

Adiministrative Personnel

ATPENDNTIX A

Adm, Assoc. T1
J. M, Mietsach

Adm, Assoc. 1
N, Cnellar

Adm., Asst. TIT
A, Marrero

Adm., Asst, 1717
M, Vétez

Reserve for add-
1tional secrectary

Reserve for Re-
search & Teaching
Coordinator

Christmas Ronus

Fringe Renefits

Time
Nevoted Fy-1074 FY-1975 FY-1876
(35%)
ang £ 6,000 % 5,660 ¢ &, 20D
25 1,950 2,155 2,350
(40%)
ane 2,400 1,330 1,450
ane 1,020 2,375 2,600
14¢ 925 1,0n3n 1,100
1004 - - 5,400
0 = - 4:‘;00
€13,195 <$12,55¢0 §23,600
465 £00 ann
1,715 1,650 3,000
75,375 ¥{3.70n ¥37,500
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Additional Explanction of Operating Costs
University of Puerto Rico - Contract No, AT-(40-1)-1833

Budget FY-1976

Oudk Ridge Operations

10.

11

00 N O B )R —

Project Titie: Radiotherapy and Cancer
Security Clussification of Project: Unclassified
Budget Aciivity No_:  RX 06-0I

Date Prepared: March 1973

Methed of Repaoiting: PRNC Annual Report
Working Location: Rio Piedras

Person in Charge: Vietor A, Maicial, M.D.
Project Term: Continuing Effort

Man-years:

a. Scientifie
b. Other Direct

Total

Opercfing_Ccsfs:

a. Direct salaries inciuding fringe benefits
b. Travel
¢. Material and Supplies
d. Other Services
e. Indirect Expenses {Overhead)
Total Operating Costs

Equipment Obligations:

Form 189 No.: 08

FY-1974 FY-1975  FY-1976

1.70 1.70 2.70

600 600 6.00

7.70 7.70 8.70
FY-1974 FY-1975  FY-1976
76,200 80,400 103,200
1,400 1,800 3,000
5,500 9,800 10, 400
4,600 5,000 6,000
57,100 60,300 77, 400
144,800 157,300 200,000
350 47,000 100,000




R adiotherapy and Cancer 189 No. 08

12. Dates and Title of Publications:

Marcial, V.A., M.D.: Radiation Therapy of Gynecological Cancer, Seventh
National Cancer Conference Proceedings, J.P. Lippincott Co., Philadelphia and
Toronto, 1973, pages 243-249.

Bosch, A., M.D.; Frlas, Z.; and Valda, Gladys C., M.D.: Prognostic Sig-
nificance of Ureteral Obstruction of Carcinoma of the Cervix Uteri, Acta Radiologica,

Vof. 12, Fasc. 1, Feb. 1973, pages 47-56.

Marcial, V.A., M.D.: "No se Deje Matar por el Céancer", El Centinelay
Heraldo de la Salud, Vol. 78, No. 1, Jan, 1974, pages 7-9.

13. Purpose, Need, and Scope:

The main purpose of the Radiotherapy and Cancer Division is to provide educa-
tion and training for physicians and allied personnel in all aspects of the use and ap-
plication of ionizing radiations in cancer therapy. A research program complements
the training activities; which is aimed at improving present modalities of radiation
therapy for cancer.

Within the training program the preparation of qualified radiation therapists is
the main goal of the educational program of the Division. This is achieved through
a radiation therapy residency program which meets the requirements of the American
Board of Radiology and lasts for three years. In this program the trainees observe and
work in the diagnosis, clinical evaluation and management of cancer patients under
close supervision of the radiation therapy staff. Greot emphasis is given to accomplish
a complete clinical work-up on all cases, precise determination of the extent of the
disease, the discussion of different treatment techniques in each individual patient,
and the planning and administration of radiation therapy. The trainees are also in-
volved in the management of different complications seen in the cancer patient either
due to the natural history of the tumor per se or treatment complications, The trainees
participate actively in the different follow-up clinics conducted in the department.
The training program includes radiological physics, biostatistics, radioisotopes, tumor
pathology, cancer surgery, chemotherapy, radiobiology, and cancer control ,

A short-term training program of no iess than one month duration is offered to
physicians who work in the field of radiation therapy and wish to acquaint themselves
with the treatment techniques used in the Division.

A training program in cancer is offered to third and fourth year medical stud-
ents from one to two months as summer fellows.
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Aduanced fraiaing in radiation therepy is offered to experienced Latin American
radiotherapists when adeguate support is gvailable to pay for their stay in Puerto Rico.
They are offered positions as visiting radiotherapists for periods of one year or longer
and are engaged [ resesch and educational activities,

Third year medical students are offered a series of lectures in radiation therapy
and cancer as sart o the fedical School curiculum. [n addition, they participate
in the multidiscictinary cancar fanagement mectings that take place several times o
week in 1na Uirivarsity Hospital wirh parficipation of the stoff of the Radiotherapy Di-
vision.

Trainees are offered the opporfunity of conducting their own research projects
under the supervision of o Senior staif member and of porticipating in research activ-
ities of the Division.

In=service training for radiological physicists and radiotherapy technicians is
also offered in the Division,

14, Relationship e Other Frojects:

The Radiotherapy and Cancer Division of PRNC constitutes the Radiotherapy
Division of the new Department of Rodiological Sciences created by the School of
Medicine in March 1974, This Division has the responsibility for the management of
all cencer patients in the University Hospital whe require radiation therapy. These
patients constitute the basis for teaching and ¢linicel research activities in this Di-
vision. Af thie Medical School the staff of this Division participates in the weekly
University Hospiral surgical freatment planning conference, weekly Medical School
cancer journal club, weekly join: radictherapy-medicol oncelogy~pediatric oncology
freatment plarning conforance weekly multidisciplinary head and neck clinic, and
weekly surgical tumor clinic. The Radiotherapy Stoff presents the regular curriculum
conferences on radiarion Feraoy for third vear medical students. The staff also par-
ticipates in the activitizs of the folloviing committees of the School of Medicine:
Joint Conference Commitioe of the University Hospital, Executive Committee of the
University Hospirel, snd she Corricuium Committee .

The Puerio Rico Medical Center ic an entity separafe from the Medical School
where centraiized services aro provided, such as. operating rooms, record room, ro-
diodiagnosis, out-patient clinics, clinjcal laboratories, ete, All these services are
of value for patient care in the Radiotheropy and Cancer Division, through the exist-
enf relationshin with the University Hespiral specifically, the Medical Center con-
frols the record system, leboratory facilities, radiodiagnosis, operating rooms, and
hostel type bed facilities for patients trected in this Division. The staff of the Radio-
therapy Division ourticipates in the following Medical Center committees: Medical
Policy Committee, Education and Research Sub-Commitiee of the Medical Policy

Committee, the Clinical Services Sub-Committee of the Medical Policy Committee,
and the Emergency Committen

il
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Since July 1973 the personnel of this Division has had no access to the clinical
facilities of the |. Gonzélez Martfnez Oncologic Hospital. This has affected the work
on brachytherapy for trainees. No interstitial and infracavitary curietherapy has been
done in the University Hospital facilities in view of the lack of beds and operating
recom time. The Dean has promised that focilities will be available for this purpose
during the year 1974.

In November 1973 the Dean of the School of Medicine and the Chancellor of
the Medical Sciences Campus of the University of Puerto Rico made the decision to
establish o Comprehensive Cancer Center following the recommendations of Enviro-
med, a planning company. This preliminary feasibility study and planning effort was
supported by the National Cancer Institute and headed locally by Dr. Vrictor A.
Marcial. Dr. Enrique Pérez Santiago, former Deputy Secretary of Health for the
Commonwealth of Puerto Rico, was appointed Director of the Comprehensive Cancer
Center, directly under the Chanceller, With the help of the planning company and
staff from the Medical School and PRNC a grant proposal wos prepared and submitted
to the National Cancer Institute on February 1, 1974, for the establishment of core
activities for such a Center, These activities will be organized as program areas,
whose coordinators will respond to the Associate Directors of Clinical Services, Basic
Research, Education and Community Activities. Approximately eighty research pro-
jects have been submitted to the Cancer Center Scientific Review Committee, many
of which originated at PRNC, whose facilities will be involved,

The personnel of this Division has special relationships with the Veterans Admi-
nistration Hospital, which is located adjacent to the Puerto Rico Medical Center,
Consultation services are provided to the V. A. Hospital by the Radiotherapy and the
Medical Physics stoff.

Special arrangements have been made by the Chief of the Radiotherapy and Can-
cer Division with the Radiotherapy Departments of the San Juan V., A, Hospital, the
Metropolitan Hospital, and the San Juan City Hospital to obtain clinical cases for re-
search projects.

This Division receives support from non-AEC sources such as the University District
Hespital, School of Medicine of the University of Puerto Rico, and the National Cancer
Institute.

15. Technical Progress in FY~-1974:

Fund limitations both from PRNC sources, and from non~AEC sources received
through the School of Medicine, affected the scope of this program during fiscal year
1974, This shortage of bunds prevented the development of significant new programs
{such as: tumor biology and radiobiology programs), reduced the number of available

-4
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persornel, orevented the acquisition of necessary equpment, and reduced the number of
frainees who depend on stipend,

Since May 1973 the 12 MEY Applied Radiation Linear Accelerator has been in
operation. Some operational difficulties and the lack of dosimetry background forced
delay of it usa for patient purposes crtil the end of the year. Since then it has been
used for eiectron beam therapy and tor photen beam therapy of pecial tumers such as
retinoblastomus of the eye. It consttures the only fazility of this type in all the
Caribbear areu .,

Due to limitation of funds the Division has not been able to complete a treatment
planning facitity that was previously planned.

A. Training:

The education programs inclode: the rediotherapy residency program (long~term
fraining); the shori-term radiotherapy frairing (one to several months); in-service train-
ing for medicol students on cancer ond radiction therapy (summer fellows); in-service
training for radiolagice! physicists und radictherapy technicians: ond a lecture course
in radiotherapy und cancer for third year medical students and fourth year dental stud-
ents. Two leciure: in the Basie Rudioisotope Course are offered by personnel from the
Radiotherapy and Cancer Division . Radiotherapists from this Division also provide ins-
truction on cancer and radiorherapy ior interns, residents, and attending physicians who
participate in the muitidisciplinary cancer management cenferences at the University

Hospital and at the Veterans Administration Hospital,

The Radictherapy Pesidency Program has the approvaul of the American Board of
Radiology and conforms with its requirements for straight radiation therapy training.
The program.is listed in the Direciory tor Internships and Residency Training in the USA
under the University of Puerto Rico Sehoo! of Medicine Affiliated Hospitals.

The Short-term Radictherapy Training for one month or tonger is offered to phy-
sicians who want 1o become acquainted with the techniques utilized in the Division.
The participation of these physicians may be in specific research activities, besides the
regular training procramn of the Division, Thase physicians are not assigned patient res—
ponsibility ucless the candidate obtaiis - permonent or temporary license to practice
medicine in Puerio Riecn .

In=service hraining is offered to medicg! students {summer fellows), and to stud-
ents in medica! physics and radictherapy.  The medical students become acquainted
with clinical prebiems and curreni research in the fields of cancer and radiation the-
rapy. ihey are invelved with putient care and are assigned short research projects
during their .ay in the Division. frainees in radiological physics and radiotherapy
technology perform suservised work in the Division's facilities under experienced
staff members.,
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A four-hour radiotherapy lecture course for third vear medical students forms
part of the curriculum of the University of Fuerio Rico School of Medicine. This
highlights epidemiology of cancer in Puerta Rico, simpfe concepts of radiclogical phy-
sics, the effects of radiation on the human body, and includes clinical radiotherapy.
Two one-hour lectures ure offered each vear o fourrh year siudents at the University
of Puerto Rico School of Dentistry.,

The facilities of the Oncologic Hespital cewsed to be available in February 1973,
The program continues utilizing the fucilities of the University Hospital, the V. A, Hos-
pital for educational and research projects, and the pMetropolitan Hospitel for research
projects. The educational activities include: lectures, seminars, multidisciplinary
cancer management conferences, treatment slanning exercises, patient care under su-
pervision {evoluation and planning of new cases, review of patients under therapy,
and follow-up), brachytherapy planning cad insertion, and radiological physics, The
residents continued rotating through surgical pathology, end nuclear medicine. In ad-
dition, they spendperiods of rotation threugh the Medical Physics Program of PRINC,
and Medical Sciences and Radiobiology Division of PRNC for radiobiclegy training and
laboratory experience. A list of frainees is given below (Table 1),

Trainees 1973

Name Country " Date Present Position
Short-Term Radiotherapy Training: - 8/1/72 10 -
Dr. Asaad Sabag México 3/31/73 Intern, Hosp. Auxilio Mutuo
Dr. Peter The Indonesia  January 1972 V. A, Hospital, Bronx, N.Y.
Dr. Dip S. Sidhu Malcy February 1972 V.A. Hospital, Bronx, N.Y.
Training Course for Medical Students:
Antonio Bunker P... B, Jun . ~July UPR School of Medicine
Reinaldo O.de los Heros Cubo Jsun.=July UPR School of Medicine
José Meléndez B B June -July UPR School of Medicine
Oscor Rodriguez Lopez B June-July UPR School of Medicine
Long-Term Radiotherapy Training:
Dr. Omar M. Salazar Cuba July 1970 4th Yr. Resident, New York
Dr. Luz Toro de Berrtos P.R. Jan. 1970 Dir., Cancer Detection Program
Dr. Ninl M. Berm(dez P. R. July 1972 2nd Yr. Resident, New York
Dr. Hernén Castro Vita Argenting  Jan. 1973 Tst Yr. Resident
Dr. Rafael A. S6nchez Dom . Rep. July 1973 Ist ¥r. Resident

B. Research:

Research by Residents:

1. Brain Tumors Treated at the University of Puerto Rico School of Medicine Radiation
Therapy Program. Dr. Omar M. Salazar reviewed experiences with 135 cases of brain

o
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tumors treared in this Division, completed the information on the follow-up of cases,
and correlated type of fumor, treatment, and survivgl achieved, A paper for publica-
tion has been finished based on part of these data, which will have the title " Post~

operative Radiotherapy in the Treatment of Intracerebral Astrocytoma: Sixteen Years
Experience,

2. Acute Leukemia of the University Hospital of the University of Puerto Rico School
of Medicine. Dr. Omar M. Salascr reviewed the experience with acyfe leukemia on
240 potients ot the University Hospital, Clinieal correlations based on type, age, sex,
freatment, and survival have been made and o paper has been prepared that will be sub-
mitted for publication,

3. Identification of Human Tumor Antigents in the Laboratory. Dr. Raymond Brown
from the Medical Sciences and Radicbiology Division and Dr. Omar M. Salazar have
conducted a study to identify tumor antigents in portions of human tumors removed in
the operating room. Report of this work will appear in the Medical Sciences and
Radiobiology Division annual report .,

Research by Medical Students:

1. Carcer Incidence in Puerto Rico Dr. José Meléndez

2. Cancer Detection and Diagnosis Dr. Oscar Rodriguez Lépez
3. Cancer Etiology Dr. Antonio Bunker

4. Hormonal Aspects of Cancer Dr. Reinaldo O. de los Heros
5. Genetic Aspects of Cancer Dr. José Meléndez

6. Immunolegic Aspects of Cancer Dr. Oscar Rodriguez Lépez

Research by Staff - Intramural Projects:

1. Floor of the Mouth Project:

This preject continues in progress as described in last year's annual report. The
follow=up is being continued on these cases, but the foct that access to the Oncologic
Hospital has been interrupted makes the task difficylt for gathering information on some
of the cases. Analysis on q partial sample of the cases will be made during 1974,

2. Effect of the Therepeutic Irradiation of the Lung as Studies by Pulmonary Function
and Lung Scan:

This is o collaborative project between the Radictherapy and Cancer and the Cli-
nical Radioisctope Application Divisions (See report of the latter),

Research by Staff « Extramural Projects (National Collaborative Research Projects)

This Division has continued its participation in the Radiation Therapy Oncology
Group (RTOG) which is an organization of academic institutions involved in

P
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collaborative clinical rescarch profects on vadiation therapy of cancer. During 1973
this Division participated in the foliowing projects:

1. Split-Course Project. The Split~Course Project compares continuous standard irra-
diation versus split-course therapy for cancer of selected sites, The study is headed
by Dr. Victor A. Marcic!. The staff of *his Division continued accessing cases for this
national project during the yeor 1973 Uz to the first part of December 1973, « total
of 284 patients has been accassed by the Jdifferant institutions participating in this pro-
ject. The Division registered 52 patienis  During 1973, of o total of 129 patients
entered, 28 were contributed by the Uriversity of Puerto Rico, which represents the
largest number of patients for ony given institution. The results of thisgudy, as of
January 1974, were presented at the meeting of the RKTOG members in Denver, Colo-
rado. No difference in the two groups hes been observed so far,

2. Carbogen Study. This study atrempis f¢ evuivate the effect of radiotherapy when
the patient is breathing a cembination of 5% O, under normobaric conditions versus
radiotherapy with the patient brecihing aiv. The stucy is heeded by Dr. Philip Rubin
of the University of Rochestar Schoel of Aedicine. The study previously registered

-l

127 patients of which 23 were accessed by the University of Puerte Rico. In 1973, 90
patients were registered of which 22 ware cortribured locally, representing the largest

contribution for any institution in the nation, [f is too soon to have an evaluation of
the results of this project.

3. Treatment of Brain Metastases. This proiact attempts to find optimal ways of treat-
ing brain metastases. It is directed by Ui, Fank Hendrickson from Chicago. As of De-
cember 1973 the project had incorporated 928 satients. It has already been found that
the prolonged programs of irradicfion (4000 rads in 4 weeks) do not produce better re-
sults than shorter regimes.

Other projects in the RTOG are: byperbaric Oxygen Project, the Head and Neck
Radiotherapy and Surgery Project, Reural Cancer Project, and the Lung Concer Project.
Presently, the following projects have been discussed fer initiation locally in the near

future: Non-Hodgkin's Lymphoma protocol and the Brain Glioma protocol .
C. Services:

Patient service is an indispensable compenent of the activities of the Radiotherapy
and Cancer Division of the Puerto Rico Nuclea Center. The University of Puerto Rico
School of Medicine depends entirely on this support for radiation oncology srvice to its
cancer patients, which in turn form: the besis for student, intern and resident learning of
cancer, For its service activities, the Divisicn utilizes the space and equipment avail-
able at the PRNC Biomedical Building. This corresponds to o space area of approximately
5,000 sq. ft. distribuied into therapy rocms, examining roems, office space, lecture rooms,
and waiting area. The therapy equipment includes the following: one Cobalt teletheropy

!
jon}
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unit, one 100 Kv X-ray unit, and a 12 MEV linear accelerator, In May 1973 the ins-
tallation of the 12 MEV linear accelerator was finished, but this equipment was not
available for patients until the second half of the year. The initial utilization of this
equipment has been for eleciron beam as it constitutes the only facility of its type in
Puerto Rico and the surrounding Caribbean areq. The patients managed with electron
beam are of the type that requires a boost of irradiation or a significant dose in or near
the surface without contributing radiation to the underlying structures. Electron beams
of 3,7, and 11 MEV have been utilized. The Program has all the elements necessary
for adequate radiation therapy, but it has lacked beds for intermediate and acute hos-
pital care which are very scarce at the University Hospital, Hostel type of beds have
now been available. The University Hospital has offered to make available a number
of beds of the intermediate category to be used by the oncology programs under the
Cancer Research Center, |t is expected that these beds will be available during 1974,

The total number of patients seen in the program during the year 1973 was below
the previous volume seen in this Division. (See Table 2). This number is inadequate
for the clinical research needs of this program. This was due to the kit that the Onco-
logic Hospital did not permit access to its patients after July 1, 1973, The total num-
ber of patients seen were those coming for service through the University Hospital, and
those contributed to research projects by the Municipal Hospital, the San Juan V. A.
Hospital, and the Metropolitan Hospital, This situation will change for 1974

The Department of Health has planned a new pattern of referral of cancer pa-
tients from its outlying hospitals into the cancer freating centers, beginning January
1974, This new refeml system will increase the number of cancer patients at the

University Hospital and the cases available to this program .

A detailed list of the types of patients seen in the Division during 1973 is
shown in Table 2,

D. Other:

1. Department of Radiological Sciences:

In March 1974 the Dean fook the necessary action to begin the operation of the
Radiological Seiences Department in the School of Medicine. Dr. VIctor A. Marcial
was appointed Acting Chairman of the Department. This new Department has a section
of radiotherapy, a section of radiodiagnosis, and a section of nuclear medicine. Radio-
fogical physics is integrated with radiodiagnosis and radiation therapy
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Takle 2
Case Lond of Radiotherapy and Cancer Division, 1973
SITE S NO, CASES
A, New Cases Treated 314
ORAL CAVITY 25
Anterior 2/3 of tonguc 5
Fleor of Mouth )
Orai Mucasa 4
Other 10
OROPHARY INX 35
Base of Tongue 13
Tonsil 17
Faucial arch 5
Other -
HYPOPHARY NX 7
Pyriform Sinus 3
Oiher 4
NASOPHARY MNX 3
RESPIRATORY SYSTEM 29
Broncius and Lung 7
Larynx 18
Paranasal Sinuses 2
Other 2
DIGESTIVE SYSTEM 24
Esophagus 19
Other 5
BREAST 31
FEMALE GENITAL ORGANMNS i0
Cervix Uteri 5
Encomefrrium ]
Ovary 3
Cther 1
MALE GENITAL ORGANS 4
URINARY ORGARNS 13
Bladder g
Kidney 3
Urethra ]
SKIN 36
BRAIN AND NERVCUS TISSUE 20
BOMNE AND CONNECTIVE SYSTEM 2
LYMPHATIC AND HEMATOPOIETIC SYSTEM 47
Hodgkin's Disease 6
Other 47
OTHER 28
B. Teletherapy Applications 8,376
C. Intracavitary and Interstitial Therany (Jan, =june) 28
D. Follow-up 1,960

»J)
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2. Representation in National Cancer Study Groups:

This Division was accepted as participant in two other national cancer study

groups which are the Southeastern Cancer Study Group and the Southwestern Onco-
logy Group.

Dr. Jeanne Ubifas, Chief Scientist t, acted as Ad Honorem member of the De-
partment, but continued in her position as Chief of the Radiotherapy Department of
the V. A, Hospital. She was appointed Radiation Oncology Program Area Coordi-
nator in the Comprehensive Cancer Center of the Medical Sciences Caompus,

Dr. Jos&é M. Tomé, Senior Scientist I, continued providing part-time services
to PRNC on an Ad Honorem basis, but paid by the Medical School. He contirued as
Radiotherapist at the Radiotherapy Institute of the Metropolitan Hospital in San Juan,

Dr. Antonio Bosch, Senior Scientist I, was paid by the Medical School and
PRNC on a joint appointment basis. He dedicated 40% of his time to PRNC. Dr. An-
tonio Bosch will begin a leave without pay on July 1, 1974,

Mrs. Ana H. O'Neill, Research Assistant I11-Nursing Services, resigned her
position after enjoying a leave without pay status,

Miss Zenaida Frlas, M.P.H. and Scientific Associate 111-Medical Statistics,
continued rendering services on a ioint appointment basis with the School of Medicine,
Beginning March 1, 1974 she will be full-time in the Medical Schoo! providing Ad
Honorem services to PRNC |

During fiscal year 1973 Dr. Victor A Marcial continued as Associate Director
for Medical Programs and as Chief of the Radiation Oncology Division. He was a mem-
ber of the Safety Committee of PRNC, Chairman of the Human Uses Committee of PRNC,
and member of the Ligison Committee with the School of Medicine. He also acted os
Project Director for the following National Cancer Institute grants under the School of
Medicine: Research and Training in Cancer Radiation Therapy, Radiation Therapy On-
cology Group, and Coordingtion, Integration, and Improvement of Cancer Activities
af the Puerto Rico Medical Center. He held the following other appointments in Puerto
Rico: Member of the Sub-Committee for Clinical Services of PRNC at the Puerto Rico
Medical Center, Member of the Advisory Board of the Puerto Rico Protection Program,
Representative for PRNC ot the Medical Policy Committee of the Puerto Rico Medical
Center, Member of the Joint Conference Committee of the University Hospital, Mem-
ber of the Executive Committee of the University Hospital, Member of the Curriculum

-11-
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Committee of the Medicai Schooi, Assosiate Director for Clinical Programs in the
Comprehensive Cancer Center of the Medicol Sciences Campus, and Chairman of
the Steering Committee of the Comnrehansive Cancer Center. In addition, he held
the following overseas appoinimanis: Member of the Committee for Cancer Manage-~
ment of the American College of Radislogy, President-Elect of the American Radium
Society, Secretary for the Americas of the Iniernational Club of Radiotherapists,
Member of the Recruitmen! Commiitae of the AmericanSociety of Therapeutic Radio-
logists, Chairman of the Committee on Clinical Radiotherapy Research of the Radio-
therapy Commission of the American College of Radiology, and Member of the Board
of Directors of the American Federation of Oncologic Societies.

Dr. Antonio Bosch, Sanior Scientist in the Radiation Oncology Division, wos
Member of the Emergency Committee of the Puerto Rico Medical Center and a Mem-
ber of the Committee on Cancer of the State Boord of Health.

Honorem) acted as Progirom Arsa Cooruingse
Research Center,

16. Expected Results in Fiscal Year 1975:

A. Training:

Long-term training in radiction therapy of the residency type will continue in
fiscal year 1975, Due to limitation of urding for non-citizens, the number of trainees
is uncertain. Citizens of the USA wili receive funding from the National Cancer [ns-
titute training grent, in view of the recent (March 1974) ruling of the administration
in Washington permitting the use of these funds for trainee stipends. Short-term
trainees will be accepted provided that funds are avoilable for their stipends. Sum-
mer fellows (third ond fourth year medical students) will continue to be accepted for
training in cancer and radictherary for o period of one to fwo months. [n-service
training for medical physics trainees will continue during this fiscal year. The train-
ing of medical students by mears of lectures and combined clinies will continue during
the fiscal year with emnhasis to the muitidisciplinary approach of cancer management.

B. Research:

Clinical research projects that were on-going in the previous years will continue
during this fiscal year, This wiil be mcinly through the Radiation Therapy Oncology
Group, the Scutheastern Cencer Study Group, ard the Southwestern Oncology Group.
The following projects will be on-going: Split~Course Radiation Therapy of Cancer,
Carbogen Study, Brain Metestases Phase 1i, Glioma Study, Bone Metastases Study,
and the Lung Cancer Study. During this vear there will be a new referral pattern for
cancer patients in the Deparment of macith which will increase the number of avail-
able patients for this Division,
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The project for the investigation of the effect of therapeutic radiation on the
lung by means of radioisotopic and pulmonary functiontests will be continued this
fiscal year with the help of funding from AEC .

and Cancer Division with help from the Surgical Research Unit of the School of Medi-
cine and the Nuclear Medicine Division of PRNC. OQne of these projects began in
fiscal year 1974 and deals with irradiation of the liver in dogs. The other project
deals with radiation induced fumor regression in a mouse tumar system. A third pro-
ject is condueted with Dr. Julio Colén (joint appointee with the School of Medicine
and the PRNC virology project). This has the aim of evaluating the activation and
presence of herpes Il viruses in the genital tract,

Clinical investigation by means of review of the ¢linical records will be con-
ducted in areas such as: ovarian tumors, chest wall recurrence in carcinomas of the
breast, floor of the mouth cancer, etc,

Cther:

1. Comprehensive Cancer Center:

This year we expect that the Comprehensive Cancer Center will be in operotion
with federal and state support,  Under this project, several core facilities will be de-
veloped that will strength the programs conducted by the Puerto Rico Nuclear Center
in cancer. PRNC will continye contributing to the Comprehensive Cancer Center in
terms of providing radiotherapy and nuclear medicine support, Under the Compre-
hensive Cancer Center, PRNC will have a model radiotherapy treatment planning fa-
cility and a model computerized dosimetry service if funds can be made available for
these purposes.

2. Department of Radiological Sciences:
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Drvision should have in operation a vigorous clinical

“outlenn st character which will be aided by the previously
~ and the prooosed freatment planning facility.
tony raining and research program should be

With these developments, mi

research program of muiti-
proposed computerized dosin
In addition, a fumer biclogy a
under way with he'p from the Cansc

The broad base nrovided vy 22z zmove oregrams should enhance the educational
programs of the Division, ihe:s pioo o wiil be as follows: Residency Training in
Radiation Therapy, Visiting “rofessor Pregrum, Short-term Training in Radiotherapy,
v, in-Service Training for Radiotherapy Tech-
nicians, In-Service Trainivg ic ical Physicists, and Training for Radiobiolo~
gists, The number of studeni. v ites progioms witl depend on the developed courses
and the support for stinands .

We envision tha foilow ne v cinemen iolects:

(@} Manisulation of focins fo i nce tomer regression in humans during radio-

therapy .

(b) Use of enticongiiun:

to- for prevention of radiation hepatitis in humans,

(c) Clinical review of concer zraes of various sites,

(7

(d) Prospective ciinicot trials on canzer theropy under RTOG. SWOG, and
L5G.
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18,

Description of Other Services:

O O P W N —

Power

Shop Services

Reproduction Services

Equipment maintenance
Transportation and Communication
Miscellaneous

- 15 -

FY-1974

2,000
500
800
500
400

200

4,600

FY-1975

2,000
500
800
600
400

700

5,000

189 No. 08

FY-1976

3,000
500
800
600
400
700

6,000
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APPENDIX B

3 M Copying Machine

Programmed Console for Dosimetry (P.C .12}

Simulator

189 No.: 08

FY-1974 FY-1975 FY-1976

350
47,000

100, 000
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Schedule 189

Additional Explanation for Operating Costs
University of Puerto Rico - Contract No. AT-{40-1)-1833
Budget FY-197¢

0AK RIDGE OPERATIONS 189 No. 4

1. Division Title: Reactor Operations Division

2. Security Classification of Project: Unclassified
3. Budget Activity No.: RX 060]

4. Date Prepared: March, 1974

. Mgghgghgj_ggggrgiggi, PRNC Annual Report

6. Working Location: Mayaguez, Puerto Rico

7. Person in charge: Richard Brown-Campos

8. Project Term: Continuing effort

9. Man-Years FY-1974 FY-1975 FY-1976
a. Scientific 2.0 2.0 2.0
b. Other Direct _ a8 Sl 6.5
Total 4B 7.5 8.5

10. Operating Costs: FY-1974 FY-1975 FY-14676

a. Direct salaries including fringe $ 68,600 $ 72,500 $ 78,900
benefits (From Appendix A)

b. Overhead (75%) 51,400 54,400 59,200
c. Travel 400 900 1,000
d. Materials and Supplies 2,000 3,000 3,000
e. Other Services 22,800 17,900 17,900

Total Operations $145,200 $148,700  $160,000

11. Equipment Obligations: $ 4,700 § 3,000 $ 7,000
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2.

13.

14.

155

Dates and Titles of Publications:

Technical Specifications for the P.R.N.C. L-77 Reactor, R. Brown,
J. E. Rivera, PRNC 168.

Purpose, Need and Scope:

The Reactoer Division offers support and services to all other
divisions of PRNC through the operation and maintenance of (1) a two
megawatt pool-type reactor with 2000 megawatt pulsing capabilities,
(?2) a ten watt aqueous homogeneous L-77 reactor, {3) a cobalt
60 gamma irradiation pool, (4) a cobalt 60 reactor pool gamma
irradiator facility, (5) a 150 KV neutron generator and (6) high
Tevel hot cells.

Reactor Division personnel participate in graduate training
programs, teach, and supervise laboratory experiments with the
reactors. Foreign students are trained as reactor operators and
reactor supervisors. These training courses are tailor-made to fit
the specific needs of the individual, and range in duration from
three to twelve months.

The Division also operates and maintains ali the auxiliary
equipment asscciated with tne reactor such as beam tubes, rabbit
system, fuel element irradiator and gamma room, transfer port, etc.,
and all pool water cooling and purification equipment.

Relationship to Other Projects:

Threugh the operation of its facilities the Reactor Division
provides services to all other PRNC divisions requiring neutron and/or
gamma irradiations.

Technical Progress in FY-1974:

Curing the summer of 1973 modified lTower end fittings were
installed in the PRNC Triga reactor in an attempt to correct the power
oscillation problems which were observed during startup.

Trhe increased fuel pin spacing and water flow enhancement sub-
stantially improved the reactor operaticns. On November 1973 ORO
requested authorization to AEC Headquarters for normal operation of
the reactor on a routine basis.

On February 1974, and due to several outstanding items which the
reactor contractor had not yet fulfilled AEC ordered the reactor be
shut down until the pending items are resolved.
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16.

14

A polarized neutron spectrometer was mounted on beam tube #6.
An aluminum Tiner was installed in the beam tube into which the
spectrometer collimator was placed. The spectrometer will be placed
in operation during the summer of 1974.

A 16,500 curie cobalt 60 source was installed in the gamma pool
irradiation facility. A source holder was designed, built and in-
stalled for the source. Existing operating procedures were modified
to include the new gamma source.

The neutron generator was disassembled and cleaned. The vacuum
system was improved and modified to prevent pressure backup in case
of power failure while the mechanical pump is in operation. The
aenerator was placed in service and s now being used for fast
neutron irradiations.

The operating procedures for the L-77 reactor were completed,
approved and put into effect.

The first reactor operator and senior reactor operator requali-
fication course was conducted.

The course "Safety in Reactor Operations", PRNC 555 was offered
in the spring of 1974 as part of the Radiological Health program.

Expected Results in FY-1975:

Tests and experiments to further understand the coolant flow and
coolant temperature patterns inside the reactor core will be performed.
From these data additional improvement in the core layout will be
made to further reduce the Power oscillations and to increase neutraon
flux at the beam tubes.

The radioactive hot waste retention system and the emergency
exhaust system will be modified and upgraded. A radiocactive gaseous
effluents monitoring system will be installed.

Expected Results for FY-1976:

With increased demand for gamma and neutron services personnel
will be increased. [f warranted, two shift operation for the
2 megawatt reactor will be started.




Reactor Division

18. Description and Explanation of Other Services:

Other Services:

a.

Power

. Shop Charges

. Electronic Charges

. Reproduction Charges

. Transportation & Communication

. Equipment Maintenance

Totals

189 No. 4

FY-1974  FY-1975  FY-1976

$16,000  $16,000  $16,000

1,200 1,200 1,200
4,900

300 300 300

300 300 300

100 100 100

$22,800  $17,900  $17,900
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APPENDIX B

COST OF EQUIPMENT

Description of Equipment FY-15974 FY-1975 FY-1976
$ 4,100
Water Flow Monitor $ 3,000
Constant Air Monitor $ 7,000
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Schedule 189

Additional Explanation for Operating Costs

University of Puerto Rico - Contract No. AT-{40-1)-1833

Budget FY-1976

Oak Ridge Operations

3

L0

L.

Project Title: Tropical Agro-Sclences Division

security Classification of Project: Unclassified

Fudget Activity No.: Rx 06 01

Date Prepared: M™arch, 1974

Method of Reporting: PRNC Annual Report

Working Toecstion: Mayaguez

Person in Charge: Ir. Francis X. 5. Koo

Projfect Term: Continuing effort

185 No. 10

Man Years: FY-1974  7Y-1975 FY-1976
a. Scientific 2.4 2.4 2.9
b. Other Mrect T 7.0 8.5
Total 9.4 9.4 11.4
Cperating Costs: FY-197%  FY.1975  ry-1976

&. Direct salaries including fringe

$ 87,690 $106,510
65,770 79,890

S4o 1,000
3,600 5, 500
6, 400 7,100

benefits (From Appendix A) $ 81,185

L. Gverhead (Costs 60, 600
¢, Travel 15
d. Materials and Supplies 3,400
€. Other Services (Ttemized under 7,200

item 18)
TIotal Operating Costs $152,400
Equipment Obligations $5,100

$164,000  $200,000

$1,900 426,500
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12. Dates and Titles of Publications:

A. Scientific papers published during fiscal year 1974 by
Division staff:

1)

Koo, F. K. 8. and J. Cuevas-Ruiz, 1973. Exploratory
induetion of solid mutations in yams by gamma 1rra-
distion. In ''Genes, Enzymes, and Populations”, pp.
331-336. Edited by Adrian M. Srb. FPlenum Press,
New York.

Cuevas-Ruiz, J., 7. X. 5. Koo and A. Morales-Muficz,
1973. Effects of gamma irradisticn on sweet potato
stem cuttings. J. of Agriculture, University of Puerto
Rico. Vol. 57: 351-35h.

B. Scientific papers in press:

1)

C. Scie

Ferrer-Monge, J. A., 1974, Esterase Isozyme Patterns
in Glyeine max (L.) Merrill. Cenadian J. Botany.

Martin, F. W., 7. K. 5. Koo and J. Cuevas, 1974,
Stimulation of yam (Dioscorea) tuber growth by gamma
irradiation. J. Amer. Soc. Hort. Sci.

Rivera, J., M. Gonzdlez-Roman and J. Cuevas-Ruiz, 1974,
Sprouting inhibition in yams by gamma irradiation. J. of
Agriculture, UPK.

Rivera, J., M. Genzélez-Roman, A. Collazo de Rivera and
J. Cuevas-Ruiz, 1974. Improved method for storirg yams.
J. of Agriculture, JPR.

Koo, F. K. 2., 197k, Special breeding and evaluation
techniques for soybean improvement. Proc. Workshop on
soybeans for Tropical and Subtropical Conditions,
Mayaguez,

ntific papers in preparation {see table-Research Progress)

¥review paper

- -
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14,

Purpose, Need ang Scope:

The Tropical Agro-Sciences Division is engaged in both
training and research. Training is conducted in two forms:
1) formsal teaching and thesis supervision provided for the
University of Puerto Rico graduate students, and 2) special
training in selected dizciplines provided for the rost-graduates
and visiting sclentists. Research activity is centered on the
problems of major importance in tropical agriculture, in partic-
ular on food production and food quality improvement. Nuclear
sclence and its application are emphasized in teaching, training
and research,.

To fulfill the educational and training goal, staff members
teach graduate courses at the University of Puerto Rico. The
staff alsc supervises graduate student's thesis research required
for partial fulfillment of the M.3. degree in Agriculture,
Bilology or Chemistry at the U iversity. To meet special nesds of
the trainees at the post-graduate levels, the Division provides
guidance and instruction in individualized research and training.

To meet the second goal, the Division carrias out scientific
investigations, primarily in the following areas:

1) Crop improvement

2) Food science

3) Eradication of insect pests
4} Legume seed protein studies
5) Genetics and radiobiology

These tralning and research activities of the Diviegion
represent one of the major USAEC programs directed to the appli-
cation of nuclear energy in tropical agriculture. The need for
agricultural research in the tropics has never been so imperative
due to population explosion and the need for alleviation of hunger,
The utilization of nueclear technigques is expected to facilitate
and expedite such research for positive results.

Relationship to Qther Projects:

The Tropical Agro-Seciences tivision staff is actively
involved in the function and activity of other PRNC Divisions
and Projects. The Division continues to provide staff assistance
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and facilities to the Insect Sterility Project supported by the
USARC Division of Biomedical and Environmental Research. Other
active cooperation includes studies on yam preservation with the
UPR-Agricultural Experiment Station, and on yam yield improvement
with the Federal Experiment Station. The Division also provides
research facllities tc the UPR-Agricultural Experiment Station
for the studies of residual effect of herbicides on non-target
plant =pecies and to the UPR Horticulture Department for growing
materials related tc anther culture.

Technical Progress in FY-197k:

A. FEducation and Training Activities

The Division continues to provide instruction and training
to the studentc as well as scientists at the graduate and post
graduate levels in the fields of agriculture, bioclogy and
chemistry. Such undertaking, especially training, is freguently
related to the Division's basic research activities which are
summarized in a later section.

1} Instruction .
uring FY-1974%, Division staff members, holding joint or
ad honcrem appointments at the various science departments

of the University, taught the following courses:

Azro 415, Special Problems in Agronomy--
F. X. S. Koo

Agro 9552, HNuclear Techniques in Agriculture--
F. K. 8. Koo and 3. N. Deshpande

Hort L26. Special Problems in Horticulture--
J. Cuevas-Rulz

Hort A05. WNuclear Technigues in Agricultural Research--
J. Cuevas-Ruiz and 3. N. Deshpande

whis
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Biol 614. Nuclear Techniques in Riological Researche-
J. A. Ferrer-Monge and 5. N. Deshpande.

Biol 618. Cytogenetics--J. 4. Ferrer-Monge.

Biol £99. Research (Thesis)--J, A. Ferrer-Monge and
I'. X. 8. ¥co.

Chem 566. Food Chemistry--3. N, Deshpande.

Chem 571, Nuclear Chemistry-~S. N. Deshpande.

Chem 601. Radiochemistry--5. N. Deshpande.

Chem 699. C(hemistry Research (Thesis)--S. K. Deshpande.

CiFi 648. rPhotophysiology and .rop Productivity--A.
Cedefio=Maldonado.

Hort 668. Growth Reguiators in Horticulture--A. Cedefo-
Maldonadce.

The last two cour =s (CiFi 648 and Hort 668) were newly
developed and offered,

2} CGraduate Research

Turing FY-1974, seven graduate students were active in
thesis research under the supervision of the Division staff
members. Four students completed their investigations.
Research topics reflects the broad interests of the Division:

a’ Mutagenic effect of N-methyl-N'-nitro-N-nitrosoguanidine
on histidine operon of Escherichia coli strain (S
(completed’--Carmen BaeTga (Puerto Rico) under F.X.3. Xoo.

b1 Electrophoretic analyses of several seed protein fractions
in Glycine max (L.) Merrill (completed)--Ileana Rivera
(Puerto Rico) under J. 4. Yerrer-Monge.

¢l Effect of low doses of gamma radiation on higher plants
(completed)--Fblis Alvarez (Colombia) under J.A. Ferrer-
Monge.

d) Characterization of some flavoring compounds of Puerto
Fican coffee by means of gas ligquid chromatcgraphy

{(completed)--Angel A. Aguilar (Ecuador) under S. N.
Deshpande,




Tropical Agro-Sciences Division 189 Wo. 10

e) Effect of ionizing radiations on the Kreb's cyele and
kinetics of the activity of the pectic enzymes in
pineapple--José M. Ortiz (Guatemala) under S. N.
Deshpande.

£) Microanalysis of sulfurﬂcontaining amino acids by
isotopic dilutions of “'C-labelled silyl derivatives--
Mariz Arzola (Puerto Rico) under 5. N. Deshpande.

g) Effect of insulin on human chromosomes in lymphocyte
culture--Alice Ortiz (Puerto Rico) under J. A, Ferrer-
Monge.

Three other graduate students have been taking courses
under the guidance of the Division staff memters who serve
as the chairman of the graduate study committees of these
students.

3) Special Treining

The Division has been active in technical and scientific
training programs. Mr. Augusto Tulmann Neto, Geneticist from
the Centro de Energia Nuclear na Agricultura in Brazil received
nine months of training in mutation breeding and radiobiology
under the sponsorship of the International Atomic Energy
Agency.

Dr. Nestor A. Cardona, Professor of Chemistry at the
Chemistry Lepartment, UPR, was engaged in studies of the effect
of ionizing radiation on the structure and activity of lipoxi-
dase in soybeans as a Summer Research Participant under the
auspices of the Dak kidge Associated Universities.

BE. Research Activities

The Division continues to conduct basic research, particularly
concerning the improvement of important tropical food crops. The
research activities may be presented under the following categories.

1) Crop Improvement

The day-neutral selections from the gamna-irradiated
soybean varieties, Hill and Lee, were tested again in the
yield triale last summer at Isabela. The selections late in
flowering and/or maturity generally ylelded higher than the
early ones. .elections from the high protein crosses were
also included in the test. A few selections appeared highly
promising as they were high in yield and/or protein content.
Also some of the selections showed better heat tolerance in
the laboratory test. All the above-mentioned selections are

B
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belng studied again in the winter at Isabela.

Addltional analyses for vitamins A and ¢ content in
Plantains were made with the new clonal collections of the
Harton variety. Significant differences in vitamin contents
of the fruits were observed among collections at both green
and ripe stages. Also there was appreciable difference in
pulp:peel ratio among the colleetions. The promising clones
with respect to the nutritional value as identified by
biochemical analvses in the past two years are being propa-
gated in a newly established nursery.

As a prelimirary step for sweet votato improvement by
mutation breeding, varietal response to gamma radiation at
doses of 300-3,500 rads were investigated to determine the
optimum dose for Treating the stem cuttings in three lecally-
grown varieties, jem, Blanquita and Cobre. Yarietal differences
were found in noth the control and irradiated materials with
respect to the number of cuttings with buds that survived and
sprouted. Among the controls, Gem variety had the highest
percentage of surviving cuttings. The irradiated Blanquita
variety, however, had a highest percentage of surviving
cuttings than the other two varieties at the hlghest dose
(3,500 radsi, althiough the same variety appeared to be inferior
in this respect at the intermediate dose range. 1% is apparent
that if a SO-~percent stem-cutting survival is desired in the
mutatisn induetion work, the optimum dose would be approximately
300 rads, as the doses cbeerved for the SO-percent stem-
cutting survival for the three varieties ranged from approxi-
mately 1,750 to 2,250 rads. If a higher survival index 1is
desired, .ay about 75 Percent, then the appropriate dose would
be about 1,500 rads. These suggested optimum doses (1,500
#3y )00 rads” might be considered the most appropriate for sweet
Potats mutatiom work in Zeneral, although the recommendation is
based on stem-cutting survival only and not on mutation induction
efficacy. Among the +hre- varieties, the Blanquita control had
the most vigorous growth sased o the measurement of wvine length
F weeks after planting the cutt ngs. The radiation eff'ect on
Zrowth also was evident as the zhoots grew less with increasing
doses. (obre variety was affected the least by radiation insofar
as growth was corn-erned, whereas fem variety was the most
affected. Consi lering the results as to the proper dose range
for a 75- to S0-percent growth reduction in the three varieties,
again it appears reasonable to suggest that approximately 1,500
te 2,000 rads be used as an adequate dose range for sweet potato
mutation work,
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2) Food Scilence

In order to study the effect of ionizing radiation and
the possible interaction of roasting temperatures, two types
of coffee beans, Coffea canephora L. var. Robusta and C.
arabica L. wvar. Bourbon were subjected to different radiation
doses and roasting temperatures., The doses of radiation were
0.5, 1 and 12 krads, and the roasting temperatures used were
200°C and 250°.. The controls consisted of unirradiated
samples and unroasted green beans. As predicted, depolymeri-
zation and other forms of degradation due to irradiation 4id
result in liberation of fructose, galactose, glucocse and
sucrose from the corresponding glucoszans. Soluble nitrogeneous
compounds were slsc released by radiation and as theorized there
was some indication >f the Maillard type condensation products
being formed under *the influence of radiation. These non-
volatile compounds were undoubtedly responsible for the aroma
comparing the unirradiated samples or extracts of green coffee
not subjected to rcasting. Caffeic acid appeared %o resist the
roasting temperatures while chlorogenic acid underwent pyrolysis
and decomposition at ithe temperatures used in roasting of coffee
beans. The concentration of chlorogenic acid was always lower
than that of caffeic acid.

ver the past years it has been observed that there is a
consistent increase in the activity of pectin methylesterase
over a periocd of time in post irradiation storage of fruits.
Presumably this could be due to liberation of the enzyme from
cellular degradation, and then by structural changes caused in
the configuration of the enzyme due to the joint effect of
metabolic activity in storage and radiolysis. To study these
effects, pineapple fruits of variety Opanish Red were subjected
to gamma irradiation at 40 and 80 krad doses. Unirradiated
fruits served as controls. These fruits, stored at 70°F, were
analyzed for the pectic content, enzyme concentration, and the
activity of pectin methylesterase at 0, 4, 8, 16 and 20 day
intervals. The most interesting results of these studies came
from molecular sieve chromatography. 1t was obgerved that
pectin methylesterase exists in at least two fractions with
molecular weights of 247,000 and 78,000, respectively. There
seemed to be no influence of the irradiation treatmeni on the
molecular weight in that, in both the controls and the irradi-
ated samples, the peak indicating the high molecular weight
fraction remained the same. This higher molecular weight
fraction did vanish in storage but this was entirely a result
of the metabolic activity, since this fraetion disappeared in
both the control and the irradiated samples essentially in the
came manner.

..
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Studies of gamma radiation preservation of yam variety
Florido continued with en additional intermediate dose (7.5
krads) to determine the optimum dose below 10-krad level to
reduce the weight loss in tubers during post-irradiation
storage. The non-irradisted control had 100% sprouting at
160 days in storage, but the irradiated series had 45, 9 and
3% sprouting for 5, 7.5 and 10 krads, respectively, at 200
days in storage. The tubers irradiated at 5 and 7.5 krads
had little or no change in flavor whereas the 10-krad-treated
one tasted sweet, This investigation was conducted in cooper-
ation with the Agricultural Experiment Station, UPE.

3} Eradication of insect pests

Division activity in this research area was carried out
under a special research project gupported by the USAEC's
Divisicon of Biomedieal and Environmental Research. The work
in FY-1974 continued on the elucidation of the inherited
partial sterility (IPS) of the sugarcane borer and its appli-
cability to population control with special emphasis on field
cage test. Studies on the biochemical nature of host plant
resistance to insect pests also have been initiated. Details
of the activities are presented under the Insect Sterility
Project,

4} Legume seed protein studies

A comparative study was made of the protein content in
soybean variety Hill and bean variety Jamapa. As for the whole
seed, Hill had 41.2% protein (on sample dry weight basis) as
agailnst 26.39% for Jamapa. The soybean seed coat and cotyledons
contained 9.5% and 43.99 protein, respectively, about 53% and
€6% more protein than the bean seed coat and cotyledons,
However, the embryo protein contents for both legumes were
essentially the same (39.9% for soybean vs. 41.0% for bean).
The major portion of the protein was found in cotyledons.
Boybean cotyledons contained 95.5% of the total seed protein
as against 96.49 for the bean.

The seed protein cortent was compared in the pods harvested
from the lower, middle and upper part of the hean plants of the
varieties, Carioca and Jamapa. It was found that the pod posi-
tion had no influence on the seed protein content although the
seeds In the lower and middle pods were significantly heavier
than those from the upper pods. However, the effect of seed
size on protein content became evident when the two varieties
were compared. Jamapa with lower seed weight was found to have
significantly higher brotein content than the large-seeded
Carioca. The finding that the brotein content of the seed is
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independent of its position on the plant suggests that seeds
from the whole plant can be bulked T r reliable protein
determinatiocn.

5) Genetics and Radicbhiology

Following the treatment of ' cherichia coll strain C with
N-methyl-N'-nitro-N-nitrosoguanidine, 17 histidire-reguiring
mitants were obtained in a tatal of 185% isolates which were
originally made from the treated material plated on the
membrane filters. By means of complementat: n te=t, two,
eight, three and f ur murations were found to involve genes
G, D, B and ¥, respec’ively, in 7he histidine operon. Based

on the revers: n =e:® .sing S-aminopurine, 14 mutants were
found to be transi~io: mutants and three were transversions.
of 17 his mutants, = produced spontaneous revertants. By
testing these revertan®s using bacteriophage T4 ochre and

=

amber, all 1% n_5 mutants were identified as misszense mutants.

In the ire:*igation of low dose radiation effect (250-
1,000 rads - Phaseclus vulgarls and Oryza sativa, the total
free amino acid content 'TFAA', seedling height, fresh and dry
weight were uied as indices for measurement. Signilicant
radiac’ o retardation effect on plant height, fresh and dry
welgh' was observed al upper dnse level(s! in the 10 day-old
Phaseolins seediings. out in Oryza, the effect was noted only
on fresh weight in the 20 day--id seedlings. Also In Phaseclus,
a dose »f 1,000 rads preduced g significent increase in TFAA in
the stems of the 10 day-old seedlings. All such radiation
effects disappeared as the seedlings grew older. No increase
in TFAA due to radiation was observed in the leaf tissues of
hoth Phaseolus and Cryza at any age up to 30 days. All these
findings seem to suggest a differential semsitivity to radiation
of stem and leaf primordia as well zs a repalr or recovery
mechani=m in young seedlings.

16. Expected Results in FY-197¢

Uver the past & years, the Division has experienced a con-
tinuous reduction in scientific and technical personnel. This
has curtailed the Division's training and research activities.
Nevertheless, the Division has been striving for Improvement
with all available resources. The measures so far taken include
reorienting the programs, promoting cooperative programs, and
exchanging staff with the College of Agricultural 3clences by
joint appointment arrangement to bring into the Division certain
expertice in zpecified field. In #Y-1975, it seems imperative
to seek additional support from the granting agencies in order to
carry sut the planned research fully. 3everal research propesals
are heing devel ped now or to be developed early in FY-1975 for
submission.

=10~
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the

For FY-1975 the research activities are expected to cover
following sreas:

1) Crop improvement

It is anticipated that in the soybean improvement program,
the yield trials of the photoperiod-insensitive mutant se-
lections and the selections from the high protein crosses
will be completed. Selection for heat-tolerant variants in
the progenies of the neutron-irradisted Hardee variety will
be continued. Search for mutants with higher methicnine
content will begin when a Technieon Autoanalyzer can be made
available during the year.

Work on improving: the nutritive value of plantains will
be intensified. Studies on vield improvement by low dose
radiation stimulation in various crops will be further pursued.
It is also planned to initiate & cooperative program with the
Federal Experiment Station in Mayaguez on the improvement
through mutation breeding of the seed coat color and disease
resistance in dry beans. A research broposal for grant ap-
plication is being tentatively outlined.

Methods for promoting =o0lid mutation induction in the
vegetatively-propagated crops such as yams and sweet potatoes
will be further investigated.

2) Food Science

Research emphasis will be Placed on the comparative study
of protein fracticnation and methionine content in each of
these fractions in several food legumes, and on the seed
development stage in relation to methionine quantity in free
amino acid pocl and in proteins. Part of these investigations
will be carried out by the graduate students as their thesis
research under the Division staff's supervision.

3) Insect Sterility Project

The sugarcane borer population control cage test will be
completed. The investigation of biochemical nature of the
host plant resistance to insect pests will be intensified.

The detail of the research plans are presented in the schedule
189 of the project.

1L
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4) Genetics and radiobiology

Investigations to be emphasized in these two areas include
mitegenesic, induction and culture of haploid plantlets from
immature pollens, protoplast culture and hybridization, isozyme
polymorphism in higher plants, Dsp determination (in terms of
seedling growth retardaticon following irradiation treatment)
in food legumes, ete. The research proposal for protoplast
culture and hybridization will be revised for submission to the
AEC,

5) Crop plant physiology

Studies of photosynthesic and photorespiration under
various environmental conditions and selection for variants in
several crops with high photosynthetic efficiency and low
photorespiration rate wiil be conducted. Also the plans and
the research proposal for investigating pollution impact on
2rop productivity will be developed and the studies initiated,

Teaching activity will likely continue at its present level.
The Division expects to continue to provide advanced training

to scientists from Latin America and the Caribbear areas.

Expected Results in F7-1976

Present educational and training programs are expected to
continue.

The research activities will follow wvery much the same line of
investigations as established for FY-1975. However, several areas
require intensified effort in FY-1976 such as screening for high
methionine wvariants in t.od lLegumes, investigation of protoplast
culture and ite application to somatic cell genetic study and to
the improvement of tropical crop plants, studies of photorespira-~
tion and pellution effect on crop productivity, ete.

New areas of investigation should be developed for soil science
and plant nutrition which may cover a'! x-ray crystallography of
highly leached tropical zoils, b} extent of nutrient leaching in
various soils, «) phosphate fixation potential, d) rate of elemen-
tal uptake by crops under wvarious soil types and conditions, and
e) trace element chemistry of tropical soils. A new staff member
speclalized in soils science is reguired for developing these
studies.

Also it is important to re-establish the expertise in blochemical

investigations in the Division by hiring a biochemist.
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18.

19,

Description and Explanation of Other Services

FY-1974  Fy-1975 FY-1976

Power $2,700 $2, 700 $2, 700
Transportation ang Communication 6C0 600 600
Shop Services 700 700 800
Electronic Services 800 e --
Reproduction Services 600 £00 700
Vehicles 1,100 1,100 1,200
Equipment Maintenance 200 200 300
Miscellaneous 500 500 800
Total $7, 200 $6, 400 $7,100

Description of Capital Fquipment by Fiscal Year

The equipment items required in the next two years are
listed in Appendix B.

For FY-1975, the following items are needed: ultrasonicator
(item 1) mainly for methionine work and cellular studies, and
ultrafiltration system (item 2) for concentrating extracts of
Proteins, enzymes, etc.

For FY-1976, the following items are needed: Technicon
autoanalyzer and accessories (item 3) for determination of
methionine and other compounds, accessories (item 4) for up-
grading spectrorhotometer for biochemical and pPhysiological
studies, protein determination, etc., low temperature cabinet
(item 5) for storage of biological materials and biochemical
extracts, basic equipment (items 6, 7 and 8) for establishing
the seed, plant physiology and soils laboratories, new compressors
{item 9) to replace the old units for growth chambers and air
conditioners (item 10) to replace the 0ld units in the Plant
Science Building.

~13-
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Appendix B

Cost of Egquipment

Deseription of Equipment

1. Ultrasocnicator

2., Ultrafiltration system

3. Technicon autosnalyzer (and accessories)

4, Bpectrophotometer accessories

5. Low temperature cabinet

£. "eed laboratory basic eguipment

7. Plant physiology laboratory basic equipment
&. Soils laboratory baric eguipment

9. Compreszors {replacement

10. Air conditioner:s - replacement)

Total equipment

~16-

FY-1975

18% No. 10

$1, 500

400

$1, 300
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SCHEDULE 189

ADRITIONAL EXPLANATION FOR OPERATING COSTS
UNIVERSITY OF PUERTO RICO - CONTRACT NO. AT(40-1)-1833

Budget FY-197¢

L.
B
3.

10.

Uak Ridge Operations 189 No. 65
Project Title: Bikinj Project
Security Classification of Project: Unclassified
Budget Activity: RX 0207
Date Prepared: March 1974
Method of Reporting: PRNC Annual Report
Working Location: Mayaguez, P. R,
a. Person in Charge: Dr. p. P. Kharkar
b. Principal Investigator: Dr. D. P, Kharkar
Project Term: Three Years
Man-Years ‘ FY-1974 FY-1975 FY-197¢
a. Scientific 1.5 3:5 4.0
b. Other 0 0 0
Total 1.5 3.5 4.0
Operating Costs FY-1974 FY-1975 FY-197¢6
a. Oirect Salaries $23,740 $45,400 $47,440
Including fringe
benefits and
Christmas Bonus
(from Appendix A)
b. Overhead Charges 17,805 34,100 35,580
C. Travel 200 2,000 2,000
d. Materials & Supplies 1,000 1,500 2,000
€. Other services 1,655 2,000 3,000
f. Biking resurvey -—- 10,000 5,000
Total 845,000 $95,000 $95,700

11.

Equipment Cbligations:

$6,000
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1.2

13.

14.

15.

Dates and Titles of Publications:

"Distribution of Plutonium in the Water and Plankton from
Bikini Atell" - June 1974

Purpose, Need and Scope:

The purpose of the project is to describe the marine biogeo-
chemistry of plutonium and americium and toc define those parameters
which 1imit and determine the distribution of these radioelements in
marine environmental systems. The transuranic elements are potential-
ly among the most hazardous materials known to man and the increasing
use of these elements in defense and peaceful fields will increase the
potential for environmental contamination due to accidental release.
At present, not much is known about the biogeochemistry and radio-
ecology of the transuranic alpha emitters. Consequently, the study of
the behavior of these isotopes in natural environments is of major
importance. These studies are more urgently needed now than before
since the results can serve as a realistic guide for the safe conduct
of increased nuclear power generation required to alleviate the current
energy crisis and to regain and maintain energy self-sufficiency for
the United States,.

The scope of this project includes the definition of the distribu-
tion patterns of plutonium-238, 239 and 240 and americium-241 in the
waters, sediments and biota of Bikini Atoll and the influence of
physical and chemical oceanographic processes upon these patterns.

It also includes the evaluation of the transfer of the transuranic
elements from the environment into food webs of planktonic, pelagic
and benthic ecosystems.

Relationship to Other Projects:

The collection phase of the Bikini biogeochemical studies of the
transuranium elements constituted a cooperative program between the
Laboratory of Radiation Ecology - University of Washington, the
Lawrence Livermore Laboratory - University of California, and the
Puerto Rico Nuclear Center - University of Puerto Rico. Cooperation
between the three laboratories will continue during the next year
through exchange and comparison of duplicate analyses of identical
samples. In addition, LLL has volunteered to supply yield spikes of
Pu232 and Am243 to the other two laboratories.

Technical Progress in FY-1974:

The technical progress achieved thus far (31st March 1974) in
the PRNC investigations is as given below:
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A. The nvestigation concerning the distribution of plutonium

in the water and plankton from Bikini Atoll has been completed.

A rough draft of the paper on the above investigation js being
sent for publication to the Journal of the Geophysical Research.
Tentative conclusions from the above studies are as follows:

(1) Samples of water collected in the lagoon, designated as "g"
series, have “oncentrations of plutonium from 35 to 283 dpm/1000 L.
A higher concentration is found in the northwest and Tower

amggnts in the scutheast of Bikini Ato11. The mean isctope ratio,
Pue38/py239 of the Taguon samples is 0,029 + 0.004. (2) Crater
water samples, designated as "¢ series samgﬁes, vary from

79-270 dpm/10C0 L with the isotope ratio Pu238/py239 of

U.056 + 0.006. (3) Water samples surrounding the Atol1, desig-
nated as "D" series gampTes vary from 4 to 16 dpm/1000 L with

the isotope ratio PuZ38/pu2d9 oF o nay 1 o.p17. (4) Concentra-
tion of plutonium in bottom waters is generally higher than the
concentration in surface vater. (5} Zuni Crater surface water

has highest isotope ratio Pu?38/pyu239 o5 .13 while those waters
from Bravo Crater and Tewa Crater have isotope ratios %f 0.039

and 0.013 respectively. Characteristic ratio Py238/py

water samples from Central lagoon of Bikini Atoll is less than
0.020, similar to Tews Crater water. (§) The primary source of
plutonium is the regenerated from the underlying sediments and

of plutonium in water and sediment is about 10-6. {7) Low con-
centration of plutonium in opeén ocean samples show that the rate
of flushing from the lagoon to the open sea is very low.

{(8) Plutonium concentration in Tagoon, crater and open sea
plankton sarmples are 0.46-37.0, 5.0-25.0, n0,25-4.7 dpm/am wet
weight respectively and their isotope ratios reflect the ratio
in water mass in which samples resided prior to colTectign.

{9) Concentration factors in plankton vary from 1,2 x 104 to

factors for plutonium given in the literature. Concentration
facturg in plankton at equilibrium with the watar is about
2 x 104,

Analytical procedure ~f plutenium used for water and
plankton samples qs slightly modified and is given below:

Sea-water: The procedure used on board the research vessel
for the treatment of water samples is given in an earlier report,
Ferric hydroxide Precipitate is dissolved in a minimum amount of
Con~-HC1, warmed and centrifuged. Undissolved residue, treated
with HNO3 and HF, §s dissclved in a minimum amount of 8N 1T
after repeated evaporation vith Con—HNO3. Hydrogen chloride qas
is passed for 15-20 minutes in an ice cold sclution of the sample
and iron is ramoved by ether extraction. The iron-free solution
is evaporated to dryness and dissolved in 8N 103, The majority
of the samples are clear at this stage, but when turbidity
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HE HHLq rocess is repeated.  Two ml of A¥
noare Jae to the hot 8N HNO5 selution of the

e & i“ , the sarple is passed tnru ~ml of

Ag 1 x2 (:—u—z-ﬁ} st @i zxchange column in the anion

form. The column is weshed with 2N HNOg and Con-HCY respectively
and plutoniwm is cluted with a mixture of 30 m1 Con HCY + 1 ml HI.
The eluate, aftar repeeved cvaporation with MOy and HCY, s
passed thru another 2 i1 column of the anion-exchange resin and
the washing and eluticn process is repeated. After repeated
evaporaticn with 10y and how, the eluate is electroplated on

a polished stainiess steel disc.

persists, the
Nal0, solutic
sampie dnd a

AN}

Plankton: The plankton sample is centrifuaed, weighed for
wet weight, dried under an infrared lamp and is ashed in a muffle
furnace at 450°C for 24 hours. About 9.3 to 1.2 ar of homogenized
ash is we1gheu dilute NGy auded till effervescence ceases, Pu2d2
and Am?#3 3uikes are zdded ans sarple is heated to dryness three
times, each with & ml HM05 + & omi HCI. The residue is Teached
with 2 x 1C ml &N HNO3, +reated with 10 mi HF and, after each of
three evaperations to dryness is treated, with 5 ml iINO3 each,
to remove I'F, The residue 13 then dissclved in 10 ml 3f HNO4,
Usually a clear zoiuticn is obtained at this stage, but in some
plankton sampies, the rerh1n,ng residue is fused w1th 500 mgm of
NanCon, dissclved i 5wt 8L HNG, and mixed with the original
soTution. After twe cycles thru Ag 1 x & anion-exchange columns
as described under Sea-kater, the plutonium eluate is evaporated
to dryness with NGy + FCOT mixture and TTA extraction is done in
1 M HNOg. Purified plutoniem soluticn is then electroplated on
a polished stainless steel disc.

B. The analytical procedure for americium applicable to sedirents,
plankten and water has been standardized and has consistently

given €0-%0% yield of armericium with oood radiochemical nur1fy.
The analytical proce dure is 32 frilows: After the sam|1B ig
dissolvea, plutorium i eu by two cycles of anien exchange.
The effluent gad vashings cotwe anion-exchange columns are
conbined, ¢vaporated to doyness ang the residuc 1s dissolved in
5ol 4n Billa o Five b of 200 BDEYP i tolucne 1s added and the
Irpurities are cxtracted in the BUEHF organic layer. The agueous
1ayer contairhm;amgric¢ur 15 ovaporaﬁed to dryness and dissclved
in 5ol 27 Hi0q soiution. GDEHP extraction is carried out at

pl 4.5, which extracts americium in the organic layer. The
americium is back-exiracted into 3, {M03. After destroying the
organic matter, the refidua is uissoived in 5wl 2% HNOq and TTA
extraction is carried at pi! 4.0, Pmericium is preferentially
extractec in TiA=-C 1. Jayer and ic reextracted hack in a4 1010
After destroying the organic matter, cmericiur is e]ectrop]atgd

on a polished stainless steel plate in HoSOp medium at phi 2-3 for
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The analyses of ¢ i
of food webs wil] be construcre

A

iy

two hours ond counted on ¢ o517 icon surface barriop detector.

C. _Procedyre for determination of Amzal, £u155, Sb125, PR1DZ m,
Cs137, Biat7 gpy on80 bY garme counting: A srocedure for determi -
nation of abovy ruzides in sediments of Bikinj Atoll has been
developed. ftasults of Angdl s sediment by 60 Kev radiation and

those obtained by vadinphamicad saparaticn and counting are
COmpdred and given 9v Apnendix o along with concentration of the

1A &
above radionuc) s fhe procedure for Sdrma counting is as

follows: «&n tnocenized and ground sediment is filled
n 125 ml 2" &1 €7 plastic container and counted for 1000
minutes on 2 I0cr - 131 Ge-Li detector which 15 housed in a
Tead shield to reduc iLs Lackground. Al samples are counted
at the same positien relative to the center of the crystal with
Tess than 57 dead time. The compmuiter orogram for garma ray
recuction corrects 401 neaks for background and cecay, corrects
the peak areas o¢ c2uh radionuc] ide and calculates the nuglide
content by taking i, tn scceunt the counting efficiency of the
detector at difiorany energies.,

In sediment sansles which are wel? horogenized, there is
agreenient betveen fmdel determired by alpha and gamma spectrom-
etry. Inhomogensoys Sampies show as much as factor of two
variation ip 4241 content by two procedures. Four grab samples
of sediment and tuwg tores trom crater in Bikini Atoll have been
counted,

Analyses of Dlatonium Have been completed in 138 sea water
precipitates, 78 5 ahKton and a few sediment samples.  Aliquots
0f these are beil procesaed 4ap americium,  The enalyses of
these samples will he completed by the end of Yay along with
sediment sanples.

a5 from Bikini will ha completed and models

trip to Bikini by fou» nerzers of PRNC s needed diring Fy-1075

to determine the folioning:

1.
2.

Ne deep water coprent patterns in the lagoon of Bikini Atoll,

The Partitivaing of plutonium and americium in the vater, in
particuiate, Unpolymerized, polymerized and complexed forms.

The degree o~ ceniaminetion of mixed piankton samples with
Carnonate sedimerts.

- The concentraricen ractors for piutonium and americium in
phytoplankter ang zocpiankton,
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17.

18.

5. The concentration factors for plutonium and americium in
select-deposit filter feeders.

. .

£. The levels of U235 in sea water of Dikini Lagoon.

In the laboratory, the analyses for piutonium and americium will
be continued on sediments, crustaceans, molluscs, and fish. In
addition, leaching experiments pom sediment 1o sea water will be

. ey o :
started for EulB5,) rpi0Z2 m, :b‘gJ, b?ig}, 013/ and Cogﬁ.

Expected Results in FY-197¢€:

The Teaching experiments will be continued and the differences
in physical-chemical forms of plutonium and americium, in sea water
will be determined. The effects upon uptake by phytoplankton and
zooplankton caused by the differences in chemical-physical form of
the two actinides will be investigated in detail. The influence of
filter feeders upon the physical-chemical forms of plutanium and
americium will be determined.

Analyses for the levels of UZ35 and Pac28 in sediments, waters
and plankton of Bikini Atoll will be done and related to the distri-
bution patterns of nlutonium and americium.

Description and Explanation of Other Services:

Fy-1074 F¥=l0t Fy-197¢
a. Power $ 200 < oann S 400
b. Vehicles ~—- --- -
c. Egquipment maintenance 100 200 300
d. Machine Shop 55 -—- 200
e. Electronics Shop £00 500 300
f. Reactor services 100 200 4nn
g. Reproduction services 200 300 400
h. Computer services ks 2o 3nn
i. Consultant fees -=- = # i
J. Freights, cables and postage 200 100 100
k. Telephone 290 100 100
1. Vessel maintenance --- === ~==

Total $1,655 €24000 $3,000
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Scientific Personne]
=S TTIC Fersonnel

Scientist |
D.P. Kha

Scientist |
Tin Mo

Technical Perg

Research Associate I1I
Rosa J. Santiago

Russel]

Research Assistant
Gross Salaries
Christmas Bonus

Fringe Benefits

1
rkar

onnel

Davis

TOTAL

APPENDIX A

Time
Jevoted

100%

100¢

1007
50-100%

100%

FY-1974

518,000

25700

$20,700

S205/41)

139 No.

FY-1975

$12,000

7,980

8,400
4,200

r—

$39,580
720

65

$17,600

2,820
8,600
6,000
541,020

960

5,460

847,440
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APPENDIX B

Cost of Equipment

Description of Equipment

K.
&y
3.

Alpha detector for radon
High vaccum pump
Equipment for radon extraction

Total

189 No. 65

FY-15975 FY-1976

$4,000
600
1,400
$6,000
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RENEWAL PROPOSAL
UNIVERSITY OF PUERTO RTCO
PUERTO RICO NUCLEAR CENTER - CONTRACT NO. AT-(40-1)-1833

Oak Ridge Operations schedule 189 No. 55

1. Project Title: bEcological Control and Radiobiological

Studies on Fasciola hepatica.

2. Security Classitication of Project: Unclassified
3. Budset Activity No.: RX 3304

4. Date Prepared: March 1074

5. Method of Reporting: PRNC Annual Report

6. Workine Location: Rio Piedras, Puerto Rico

7. Person in Charce: Dr. Jorge Chiriboga
a@- Principal Investigators: Dr. Jorge Chiriboga
Dr. Delfin de Leén

X. Project Term: Continuing effort
0, Man_Year§: FY-1974 FY-1975 FY-1076
a, =“cientific 0.709 0.79 1.34
b. Other Direct ~ -—— ——==
Total 0.79 0.70 1.34
10. Operatine Costs: FY-1974 FY-1975 FY-19706
a. Direct salaries inclu- $7,800 $4,000 315,800
ding fringe benefits and
Chri<tmas bonus (See
Appendix A)
b. Overhead costs 5,800 6,800 i1,u00
. Travel 1,500 1,000 1,000
d. Materials and Supplies 2,000 5,300 9,000
€. Other services (See 5,900 _ 2,000 7,300
Ltem 17) $23,000 $25,000 $45,000
.  Less support from Puerto - 8,000 -8,000 -_&,000
Rico Department of
Agricul ture
Total $15,000 $17.,000 $37.000
%+ Equipment 1,500 14,500 2,000




Fa~ciola hepatica Project Schedule 130 No.

53

11. Date and Titte. of Research, Publications, Reports and
Presentations:

1. De teén. D., Chiriboea, J. and Parra, D.., On the
difterential diagnosis of Fasciola hepatica in
cattle and in the vector snail. The Jourmnal of
Avriculrure ot the lniversity of Puerto Rico. 1974
(T press).

12. Purpoese. Need and scope:

Fasciola hepatica is one of the most important para-
sitological problems in the western Hemisphere. It is
multifaceted, encompadssing cconomics and nutrition, as
well as public healeh, ltilitarian knowledge ot this
dised=e in animals and humans is scarce., especially the
host-parasite relationship and ccolosical aspects. There
are no recommended drugs to cure this disease and preven-
tive measures arce inefiective. Historically, control pro-
jects have not been evaluated properly. This worm diseasc
i~ =preading, reaching threatening proportions in some area

gl |

This proposal to the USAEC Division of Biomedical and
Environmental Rescarch (DBER) puts special emphasis on the
u=se o nuclear energy and radiobiolocical techniques to obt
information on the following tactors:

1. The possibilitv of obtaining immunity with the use
o irradiated metacercariae (infective larvae ) or
combinine this approach with other methaods.,

5 lhe usc of radiation as a tool tor understanding
{he basic mechanism of immunity and host-parasite
relationship.

2, Development of laboratory methods tor tagging
veclor =snails, species ol Lvmnaca, with radio-
isotopes as well as new procedures For deter-
minine the biological behavior of the snails in
{he tield =0 as Lo achieve more eftective control
meas-ures.

|

=

ain
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4.

4. The study of ditferent methods of control of
the snail vectors of Fasciola hepatica.

some other tactors are to be investigated under
the int(.‘r'ugcnc}' proposal titled:

The use of Sciomyzid flies ag biclogical control
ol the snail vectors of Fasciola hepatica,

We shall work cooperatively with the U, 5. Depart-
ment ot Agriculture and the Department of Biologyv,
V. P. R. on this matter .

Relation to Other Projects:

As indicated, the lasciola hepatica study is a co-
operative etffort between the Puerto Rico Department of
Agriculture., the Agricultural Experiment station, U.P.R,
and the Puerto Rico Nuclear Center, F.cently, the Puer-
to Rico Department ot Agriculture increased its contri-
bution to the study by providing 5 technicians. Qne of
them i5 a veterinarian with extensive experience in
fascioliasis,

iechnical Progress FY-1474:

Ao Epidemiological Studies:

The distribution of the two snail vectors of fascio-
liasin,LImnaea cubensis and Lymnaea columella is being
investiocated in two distinct subtropical ecological zones
in Puerto Rico. pBoth scasonal population dyvnamics of
these snails and theip degree of I, hepatica intection are
under observation in three dairy farms with varying clima-
tic conditions, ¢specially rainfail. Striking differences
in the epidemiology are apparent.  There is a direct co-
relation between rainfall and snail pupulation density,
especially {or Lymnaea cubensis . Moreover, the rate ot
snail intfection with the fluke is related to rainfall,
Several seasonal obscervations are required to delineate
this ccosystem.
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B. 1Isolation, Purification and Immunological Studies
ol tasciola hepatica Exo-antigen labelled with

758 Methionine

Immunization attempts using fragmented Fasciola
hepatica have been fruitless. However, we have obtain-
ed adeguate protection of laboratory rats by using irra-
diated metacercariaec, a fact which leads us to believe
that an exo-antigen produccd by the live parasite is
indispensable in order to produce immunity.

we have incubated adult flukes with 75ga methio-
nine and have obhtained a series of proteins marked with
this isotope . The proteins were purified first by
using Sephadex 100 and then by gel electrophoresis. Two
peaks appear in the graph of the Sephadex elution curve.
The n"B" peak specifically precipitates the Fasciola-
positive rat serum, but not the negative serum. In add-
ition., by using Farr's method of ammonium sultate pre-
cipitation we observed high specific binding. In the "A"
and "B" fractions eluted from the Sephadex and purified
by gel electrophoresis we observed five bands in "AM™ and
only one in "B".

Future studies will include first, the use of marked
proteins tor a radic-immunological diagnosis of fascio-
liasis and second, determination of the role of the exo-
antigens in the immunityv against F. hepatica.

C. Bivo-chemical Testineg rfor Hepatic Malfunction_due to
Fasciovliasis:

The degree of F. hepatica liver damage in rats wds
assayed by determination of serum glutamic pyruvic trans-
sminase level in serum samples. SGPT levels of untreated
rats and of rats inoculated with metacercariae irradiated
with 1.5, 2.5. and 5.0 kilorads were determined. Pre-test
samples of blood were taken trom each group of 20 rats
welghing 200-300 srams. F'ollowing standard SGPT testing,
which included control transaminase tfrom rat liver mito-
chondria, it was concluded that:

1) The method is satistactory. 2y Correlation ex-
ists between radiation dose and SGPT levels, 3) Tmmun-
izine with metceercariae irradiated with 2.5 kilorads
seemingly causes increased hepatic damage, 4) Return ol
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SGPT levels to normal is adverselv arffected by tirradia-
tion of infective tetacercariae, Obvicusly, attain-
ment of immunity with single dose irradiation of meta-
cercaride in the absence of hepatic damage is worth fu-
ture testing,

D, Biological Control of Fasciola hepatica:

The aquatic larvae of Sciomyzid flies feed solely on
tissues of freshwater snails and thus contribute a natural
means of lymnaea control ., A species of Sepedon  was re-
leased in Hawaii for such experimental control pttrposes,
but no adequate evaluation of the method was made. For
our study purpose a dairy farm at Jayuya, Puerto Rico was
selected for the following reiasons ;

1. There is a high prevalence of fascioliasis in the
cattle,

(]

Two rivers Passing through the farm and adjoin-
ing swamps are heavily populat._d with both of the
local snail vectors, L. columella and L. cubensis,

3. Both snail vectors are highly intected with Fas.
ciola hepatica,

4. Weather conditions (low temperature and high pre-
Ccipitation) favor snail propasation.

(W)

A Sclomyzid fly is present (Sepedon caeruleal),

Our future investisations will center on massive
Usage of Sepedon caerylea for predative control of snail
vectors in this area of high raintall, Comparisons will
be made in areas of lower rainrall,

15. Expected Results for Fy-107s;:

A, Production of Vaccine Acainst Fascioliasis in Cattle

and Rats:

The problem ot production of larce numbers of metacer-
cariae was not solved until the latterp part ot the fiscal
year, 1974, Adequate numbers of metacercariac ape now in

5
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1a.

stock so that we can proceed to the study of the produc-
tion of vaccine against fascioliasis in cattle and rats.

Request for the use of test calves from the Puerto Rico

lLand Authority will bhe renewed.

B. Epidemiological Obhservations:

study of the epidemiology of fascioliasis in highlands
of Puerto Rico., specitically at Jayuya, is 1in progress and
will be completed. The information gathered will aid in
desicning an cxperimental control program in that area.

C. Pilot Control Experiments:

The cooperation ol some dairy farmers was secured to
evaluate the different methods of control of fascioliasis.
Thr data accumulated in the FY-1074 will be a great help
in evaluating the ditverent candidate methods of control.

D. Biclosical Control:

The study ot sciomyzid flies as biological control of
the snail vectors of . hepatica is in progress, A method
to determine the population density of the vector snails
in the experimental area is being devised. Techniques to
raise the Sciomvzid tlies in mass under laboratory condi -
tions are being tried.

Preliminary studies on the use of an annelid parasite
of snails. Chaetogaster, as biological control of the
molluscan vectors of . hepatica will also be started
carly this vear,

E. Purification and labelline ol Exo-antigen of F. hepa-
tica:

In our experimenial method pure F. hepatica exo-anti-
gen will be used as a diagnostic tool tor fascioliasis.
The labelled cxo-anticen will be used to study mctabolic
roles in the produoction ot immunity.

Expected Results in 1'Y-1970:

We will continue the studies proposed for FY-1975.
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17. Description and Explanations of M

Schedule 180 No. 55

ajor Materials, Supplies

and other Required Services Ttems

The contractor will Furnish adequ
tacilities, we have a source for irra
ment Fop handling and measuring radioi

ate office and laboratory
diation as well as equip-
sotopic manirestations.

An automatic three-channel liquid scintillator 1s available,
Other Services: EE—lQ?é FY-1975 FY-107p
Vehicle 400 500Q 500
Power - &00Q 1,000
Reproduction charges 300 300 500
Charges top Cquipment
medngengnge - - 1,500
Transportatioen and
communication 000
chop service, — TTTTT O mmre- 2.000
Charges tor test mice
tr rats 40Q °00 1,200
Miscellaneous 4, %00 500 —m—==

Total $5,000 $2.900 $7,300

1&, Description ot Capital Equipment by Fiscal Year:

FY-19735

s50urce will he
Fasciola hepatica fop

A mamma radiation
metacercariace of
vaceinate cattle .

The gamma source
within varicus study p
convenient source of
of Investisations in

1s required for
rojects of this
radiation will
Progress d

FY-1974

The Fiwl oLl e
separationcolf a protein

hepatica |

with antigenic p

~1

greatly increase the
uring the next few vears,

c¢lectrophesis equipment will

necded {fop irradiation ot
@ possible {ield trial to

general research
Division.

purposes
The use of this
etficiency

be used for
roperty from Fasciola
—2>0c1014
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APPENDIX R

Cost of Equipment

Description of Equipment

High Voltage Electrophesis

¥ Gamma Radiation Source

* The total to be prorated between the vir
hepatica Projects.

G

Schedule 189 No. §5

FY-1975 FY-1976
$2,000

$14,500

$14, 500 $2,000

us and Fasciola
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PROTOCOL DAaTA COLLECTED MANUSCRIPT PREPARATION PUBLICATION STATUS
PROJECT TITLE INVESTIGATORS Seri- JOURNAL
PREPARED| In Part |Complete | Orgapized | Rough Final Final |Submitted Accepted| [nPress
0n the Differential Diagnosis of De Leon
Fesciola Hepatica and Cotyloporum Chiriboga X X X X X X 11=9-73] 3-12-74
Effect of Radiation on Double Chiriboge
Stranded Poli Ic With Different Rasios X % [ 1 X X X
MetETET S for = ——
Epidemiology of Fasciola Hepatica Ritchie A
in Puerto Rico Chiriboga, et &l X X X X X
Epidemiclogy of rasciola Hepartical R -
in the Subtrepical molst Foreat Chiriboga
of Puerto Rico De Ledn X X X % ¥
Protection from Fasciola nepatics Liribcga 1 - B
Infection with Irradiated Metacer- De Ledn
cariae Torres X X X
Survey of Fasciola Hepatica and Le Ledn il
Snail Vectors in the High Altitude  Chiribopa X X
Areas of Puerto Rico
fication of Fasclola Hepatic SEERS T
Exp-Antigen Labelled With Radio- ,
G Lexiiim Chiriboga X M,| -
Radiosengitivity of Different Vel&zauer B I R A -
Type Snails Chirihoga
De Ledn X | S

Metabolic Studies of Fasciola Turén i -
Hepatica Metacercaria Chiriboga X X
Methvl Mercury in Populations ) Proc. Symposium on
Eating Large Quantities of Maring Turner ) Mercury Toxicologpy,

Northern Perd Chiriboga Barcelons, May 1974

et al X 4 X X X X X x
i




16







£dditional Explanation for Operating Costs
University of Puerto Rico . Contract No. AT=-(40~1)-1833
Budget Tv-1976

Qak Ridge ‘merations

1. Project Title: Gamms Radiolysis of Heteroeyelic Molecules

2. Security Classification of Project: Unclassified

3. Budget Activity No.: Rx: 03 o2

4. Date Prepared- March, 1974

5. Methed of Reporting: PRNC Annual Report and
Technical Progress Report

6. Working Location: Rio Piedras

7. a) Person in charge: George 4. Simpson

b) Principal Investigators. George A. Simpson and
Rafael Arce Quintero

{0

Froject Term: Continuing Effort
S AR

9. Man-Yeagrs; FY-197L FY-1975 Y- 1976
a) Scientific 66 .76 1.30
b Other Direct .60 - -
Total 1,26 Sk 1.30
10. Operating Costs FY-1974  Fy-1975 FY-1976
a. Direct salary
including fringe benefits $1k, 800 14,300 %24, 500
b. Overhead 11,100 10,700 18, Loo
c. Travel 300 600 1,000
d. Materials and Supplies 2,300 2,900 3, 500
€. Other Services 1,500 1,500 2,600
Total ﬁﬁg&OOO ﬁj0,000 ﬁEQ,OOO

11l. Byuipment Obligations i SEOOO i M;OOO §30!OOO

|
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12. Publications

Two papers were submitted for pozsible publication,
Cee Tuble I,

13, Purpose, Need ani Scope

The project aims at the characterization of the
species formed by !’—raiiolysis of heterccyclic molecules
of possible bilologleal importance. The emphasis is there-
fore placed on direct observation of the wusually labile in-
termediztes Tormed subsequent to the absorption of high
energy radiation., In one part of the work this is achieved
by the utilization of the matrix isolation technique, in
which the molecules are irradiated in some form of rigid

atrix, normally at low temperatures, Under appropriate
conditionz, radicals and molecular ions can be stabilized
by this technigue for extended periocds of time, and studied
by spectroscopic ftechniques. Another part of the program
involves the guantum-mechanical calculation of electronic
properties of heterccyelic radicals and ions.

n addition, experimental studies cof the spectroscopic
properties of those species assoclated with heterocyclics
which are produced during UV photolysis in rigid matrices at
low temperatures, as well as those produced via flash photo-
lysis of solutions under normal temperatures are made,

This miltifaceted approazh provides insights into the
nature and rezctivity of biolegically important intermedistes
under a variety of laboratory conditions which may facilitate
extrapolation of conclusions tc "in-vive" conditions.

14. Relationship to other projects

The collaborative activies Iin FY-74% which the members
of the project are involved have been extended to-

1) Applied Physical Sciences Division, PRNC.
2) Mediesl FPhysics Program, PRNC

2) "Oxygen Diradicals Program”, UPR Chemistry Dept.,
UPR, Ric Piedras.

-Pu
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LY Craduate ana Undergraduate Research Programs, UPR
~hemistry Dept,, UFR, Rio Piedras

errestrial Feologw Program, PRNC

The collzboration within the Applied Physical Sciences
Division consist of advising on radiation chemistry ang
photochemistry projects which are part of that division's
education and training TDrogram. Specific thesgis direction
of a4 grzduste student ig being siven on luminescence quantum
vield measurements of aither scintillator compound or heterg-
cyclicz of interest %0 both the division or the project,

The collaboration with the Medieal FPhysics Program
consist of mairtaining = pProgram of investigation angd utiliza-
tion into the clirical applications of thermolumine scence
dosimetry. fhis service 1s useful in estimating dosimetry
for therapy ag well as being applicable for radiation chemical
invesﬁigations. The project leader contributes to the Medicsl
Paysics Trogram to the extent of 3% in FY-74 and snticipates
contributing 319 in FY-75,

the collaboration with "The Oxygen Diradicals Program"
an extension of those studies initiated in FY-77% concern-
ng the chemiluminescent auantum yield neasurements of Peroxy-
lactone and other ¢yelic peroxide compounds.  The results of
these gtiydieg are believed to have significance in s nurber
of areas besides radiaticn chemistry, including bicluminescence
and in coneer research, since these compounds may be produced
with singlet oxygen. The project leader hssg received 16% or
Nis FY-T4 support from this ackivity.

ia
g

The collaboration with the edueationsal Programs of the
University of Pusrtg Rico is demonstrated by the training
activity involving graduste and undergraduste students,

nember of the Terrestrial Ecology Program iz current-
ly advising this pProject on molecular orbital caleulationg of
the Spectroscopic broperties of radical cations and anions of
indole,
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15. Progress in FY-197L

Training

In FY-74 two masters degrees have been awarded to the
University of Tuerto Rico, Chemistry Department students
who have been asscociated with this project.

1) Tosé Revuelta
2) lorna Ramirez

Eoth of these students completed all of the requirements
for their M.3. degree in June, 1973.

Presentation of the results of three of the studies
mentioned in Table T was made at the "Junior Technical Symposium"
sponsored by the P.R. Chapier of A.C.%. held in Rio Piedras,

P.R. on March 9, 1974- The titles and speakers were:

1} M. Charrdén: "Gamma-Radiolysis of 2-Me _hyltetra-
hydrofuran Glasses at 77 K,"

2) L. Jiménez: "Flash Photolysis of Pmrine in Ageeous
Solution at Room Temperature,”

3) B. Castilla: "Determination of Luminescence Quantum
Yields of Indole in ?=-Methyltetrahydrofuran.

It is of interest that M. Charron was awarded lst. prize
in the undergraduate category at that symposium.

Budgetary limitation prevented presentation of the
findings of this project in any other meeting during this FY.

Resesrch

The feollowing discussion of research activities » .(es
reference to the studies mentioned in Table I, where ~ ogress
towards publication as of March 1974 is indicated.

T. Pnotochemistry of Indole at 77°%

Progress in this area has involved computer simula-
tion of kinetic data for the assumed biphotonie photeionization

)
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Fedinanism, The
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23 and to provide insights
conclusions derived from
che inefficiency in production
fating frowm triplet state
5oare consistant with the
tate of the triplet which de-
sransfer to the solvent/matrix or
long [ & 107 Hgee,) preionization

LAY ey g LBy

Piblication of luminescence and photochemical studies
icle i been withheid rending completion of these com-
and verifiostion by independent methods on the

vields of indole at 77°K,

of this result for radiation bilology
is ihat i¥ or envircmment in which an  indcle
meiety is contained way occzr via either o direr - radistion
effect or else from a highly exciteqd triplet state,

Luminescoencs guantum Yields of Heterccyelic Compounds
in Solution at 23° ang ~1067

5 are being carried out so that "in house"
ermining Juminescence quantum yields are
a8 to provide a check on intersystem cross-

lng efficiencies determined by FPR Techniques (section 15-TT7),
date cn apparvatus has been constructed and messurement

teen developed, utilizing a rhodamine=-g quantun
cht angle excitation detection system. Diphenyl
anthracene 7z being wocd as the vrimary fluorescence standard,
With this procedure measurements on the fluorescence quantum
vields of P-terphenyl and PEQ (E,b-diphenyl vxarzole) at room
teuperatus in cyclohexane were found in good agreement with
published values. The velues obtained for indole (* 109
aceuracy) are .26 for the room temperature fluorescernce yields
and 0.53 and 0,21 for the tlucreccence and rhosphorescence
quantum vields respectively at 77°% inp 2-methyltetrahydrofuran
(MTHF),  “"he variation of [Tuorescence yield with temperature

is comsistant with previous ohservations, and ithe phosphorescence

z

&5
vield iz in srrveoment 1 the herein reported intersvstem ercss-
ing efficioncy ‘section 19=TTT)
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ITT,

Intermediafie Species Produced during U.V. Photolysis
of Heterocyclic Compounds

The following abstract iz presented in summary of the
EPR measurements accomplished to date and which have been
submitted for publication. "The ultravioclet irradiation
(290 nm - 390 nm) of indole, purine, indazole, acridine and
quineline in MTHF glass at 77X produces trapped radicals,
Two EPR signels are found at 77 K during illumination, one
at high magnetic field (3250 gauss) and the other at low
field (1300~150C gauss). The decay lifetimes, obtained for
the low field intermediates are €.1, 1.9, 3.9, 3.1 and 1.6
seconds for indole, purine, indazole, acridine and quinoline
respectively. These decay times are similar to the phosphor-
escence decay lifetimes of the corresponding heterocyclics
under similar cenditions, indicating that the low field inter-
mediate involved is the lowest triplet state of the molecule.
The rate of formation of matrix radicals (high field signal)
varies as the ngth power of the incident light intensity,
T M. where 1.6 ¢ n,c 2. This correlates with a biphotonic
pgoEess involving the lcwest excited state of the heterceyclies,
The radical formation can be attributed to sensitized energy
transfer from a highly excited state of the heterocyclic to
the solvent. Quantum yiclds for triplet production at 77°K
are 0.34 for indele, 0.51 for purine, 0.55 for indazole, 0.15
for acridine, and 0.9%4 for quincline. Solvent radical yields,
which depend on the light intensity, have been determined.
Under the experimental conditions no signals attributable to
trapped electrons or cations have been cbserved. The depen-
ence of the reciprocal value of the rise lifetime of the low
field EPR signal as a function of the intensity of exposure

is in accordance with the theoretical mechanism."

This study is being extended to include measurement of
the triplet (T=-T) absorption spectra of these same compounds.
The purpose of these measurements is to evaluate T-T extinection
coefficients of the heterccyclic compounds and Yo determine what
spectroscopic properties are associated with the highly excited
-"preionization” triplet state. To date a measuring system
has been developed and initial results for quinoline and
indole have been obtainedi.
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V. flash Thotolysis of Tndole in Agueous Solutions

shotolysis studies of indcle or indole derivatives in
room temperature amueous solubicons have iniicated thal the
primary procecs iz g monovhotonic elestron ejaction process,
wnd that the fingd photochemical vproducts may be complex,
Previous flash photolysis studies have demcnstrated the
bresence of u solvated eleotron but the presence of the
conjugate radical cation hag only been reported by one
obriyver., There have been several reports of g long lived
(L3 dse2}  "radical” species. Evidence for the variety of
Tinal products or the interrelationship between the primary
electron-radical caticn, the "radical" and the final products
is lacking,

“he current f£lash Photolysis studies involving kinetic
spectrovhotonetric observation of transients in the wave-
length region 300-750 nm, times from D Mosec.  to several
hundred milli-seconds after flash initiation, and in the
presence and absence of electron and triplet gcavengers, have
demonstrated some of the above interrelationshfr:. AT least
L short lived intermediates have been detected in addition to
the above mentioned ‘radical” speecies. Three of thege are
assoclated with indole, the other is +he solvated electran
(herein observed A max.=725 nm). The three species in their
order of ocecurrence within the lifetime of the excitation
flash { ~ 05 AL sec. ) are

1) Triplet state, A max; 370, 430 nm,
2) radical cation, Amax L 370, 430
3 cationie specles, Amax- 370 nm

It is believed that the long lived "radieal" species results
from the recombination of electron and one of the catlionic
species. The results provide interesting contrast with the
low temperature observations.

V. Flach Photolysis of Purine in Aqueous Solutions at

Room Temperature
Tinetic spectrophnotometric studies of the transients
broduced during the flash Photolysis of purine in AGUEOUSs

—
- -
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the accomplishments in the following areas way be anticipated.

1) The categorizastion of Possible radiation induced
intermediates of indole and purine in several
natrices may be obtained following completion of
those studies mentioned in section 15-VI and in
16-IIT which will have been aided by our current
flash photolysic studies (15-1V and V).

2) As a "spin off" of +the T-T absorption and EPR
triplet and radiecal investigations discussed in
sections 15-TII and 16-II, it will be possible to
give a strong conclusion concerning the uniqueness
of the photophysical branching processes of photo-
ejection and matrix sensitization ang its importance

in heterocyclic systems.

~11-
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i8. Description of Materials, Supplies and Cther Services

FY-197L4  FY-1975 FY-1976

Materials and Supplies $2,600 $2,300 $3, 300
Books and Periodicals - - -
Total $2,600  $2,900  $3,300

Other Services

Shop $ 100 $§ - § 300
Reproduction 100 200 300
Computer Charges 200 200 300
Equipment Maintenance - - 200
Power 800 800 600
Transportation & Communication 300 300 400
Miscellaneous - - 300

Total 41,500 $1,500  $2,600
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ATENDIX B

Cost of Equipment

Description of Cgpitol Touipment ¥y-1974  FY-1976

Tock~in-amplifier $3, 000 $ -

TPR attachment to cryocoocler 1,000 -

EPR Spectrometer (Varian E~3)

Tn TY-75 a lock in amplifier is requested for use in low
1ight level detection experiments, a TSR abtachment for existing
Cryocooler will also be acquired.

In FY-76 a electron paramagnetic resonance gpectrometer is
requested. The EPR spectrometer currently accessible to this project
i located at U.P.R., Rio Piedras, and ic near end of effective life~
time. A new model located at FRNC will lmprove our capabilities.
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Schedule 189

Additional Explanation for
University of Puerto Rico - Contra
Budget FY-197

Oak Ridge Operations

L,

1C.

I

Project Title: Insect Control

Operating Costs
ct No. AT-(40-1}-1833
6

189 No. 27

Security Classification of Projec
Budget Activity No.:; Rx-03-0k
Date Prepared: Marcn 197k

Method of Reporting: PRNC Annual
Working Location: Mayaguez
Person in Charge: Dr. David W. W

Project Term: Continuing effort

Man Years:
—_— T
&. Scilientific

b. Other direct

Total

Operating Costs:

a. Direct salaries including fringe

benefits (From Appendix A)
b. Overhead Costs
¢. Travel

Materials and Supplies
{includes laborers)

€. Other services (Ttemized on
item 18)

Net Total

Equipment Obligations:

t: TUnclassified
Report
alker
FY-1974  Fy-1975 FY-1976
Oyf 0.7 153
0.5 0.5 2.0
1.2 1.2 3.3
FY-1974  Fy-1975 FY-1976
$19,500  $20, 000 $U48, 200
14,600 15,000 36, 200
500 500 2,000
2,850 2,900 £,000
600 £00 2,000
$38,000  $39,000 $9k, 4o
€,000 8,000 15,000
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1=2.

13.

1h,

Date and Titles of Publications:

A. Accepted for Publication

Walker, D. W., H. Singh and K. P. MacKay. Gamma-induced
sterility of the Greater Wax Moth. IAEA Symposium.

Submitted: (see Research Progress Sheet)

B. Manuscript in Preparation (see Research Progress Sheet)

Purpose, Need and Scope:

The purpose of this program is to develop an effective,
general method for eradicating lepidopteran pests by sterile
release. The conventional eradication method is based on over-
flooding the natural population with sterile adults of both
gexXes. Eradication trials with lepidopteran pests have been
disappointing, particularly the codling moth and pink bollworm
programs. The problem has been that the sterile males released
were not as aggressive as wild males in seeking mates. The wild
males mated with wild females and sterile females, the sterile
males mated mainly with sterile females. These differences in
behavior produced two populations with insufficient interaction.
We need a more sophisticated method to deal with this problenm.

The scope of the program includes the following;

l. mitigating the debilitating effect of radiation by
reducing the dose while still retaining the sterility
effect,

2., overflooding releases over one generation at a high ratio
of sterile to wild insects (14 to 1 or higher), and

3. overflooding with only one sex in a populatiom.

Relationship to Other Projects:

A. A Model for Eradicating Lepidoptera
1. Background

Lepidoptera have holokinetic chromosomes. When holokinetic
chromosomes are broken by radiation the fragments that do not
become attached to other chromosomes retain the capability of
segregating during subsequent cell divisions, i.e. they act as
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separate chromosomes. As a result after eliminating the gametes
containing translocations virtually none of the gene code is lost.
However, the chromosomes do retain a load of altered genes., In
the sugarcane borer, a majority of these are expressed as lethals
in subsequent generations even when outbred. This is the basis
for eradication by a population collapse,.

2. Population Collapse: Male Release

Overflooding a population with bartially sterile males will
incorporaste a massive detrimental gene load into that natural
population without adding to the population size of the next
generation. This has been shown in the laboratory, and this is
being tested in the field cage during FY-197h,

3. Dominant Lethality: Female Release

The females to be released into the natural population must
be fully sterilized. If partially sterile females were used they
would add individuals to the next generation and increase the amount
of crop damage. Therefore a method must be developed for fully
sterilizing females which produces complete sterility without
causing debilitating effects on mating.

The mating competitiveness of sterile Temales is affected by
the high acute sterilizing dose needed {25 krads for female
Diatraes saccharalis, 30 for males). The females can be completely
sterilized by a total dose of 13.5 krads in 2 fractions. It ig
anticipated that the mating ability of these females (sterilized by
fractionated doses) will be better than females sterilirzeqd by a
single acute dose. Tobka and Kishaba (1973) were able to fully
sterilize female cabbage loopers at 15 krad by fractionated doses.
This is about one half the single acute dose., Similar results
have ben found here with the wax moth (6.6 krads as compared to
13.2) and sugarcane borer (17.6 fractionated, 25 krads acute).

L. Mating Competition

The two main causes for the inferior mating performance of the
released insects probably are: 1) the debilitation caused by the
sterilization method, and 2) the effect of laboratory rearing. We
propose to avoid the first problem in two ways: 1) overflooding
with partially-sterilized males into one population (i.e. in one
area) and 2) overflooding with females that have been fully sterilizeq
by f§actionated doses into a different population {i.e. in a different
area).
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Debilitated insects have not been a serious problem in diptera
eradication because the dose needed to sterilize dipfera is much
lower: 9 krads. The overflooding effect compensated for the
deficiencies in mating competitiveness of the sterile males
(screwworm and oriental fruitfiy).

Snow (working with Heliothis) and other USDA scientists
working with moths have observed that laboratory-reared sterile
females readily attract wild males. They observed that the fre-
quency of mating between released laboratory females and wild males
was considerably higher than that btetween released laboratory males
and wild females when the sex ratios were equal. (Snow is also
studying mating interaction when sex ratios are unbalanced).

This effect probably is meinly due to the concentration factor
in mass rearing. Laboratory-reared males have been exposed to a
high concentration of female sex pheromone because of the rearing
method. As a result they do not readily respond to a "calling"
female in the field because their threshold for response is high.
The wild male in natural conditions has never been exposed to female
pheromone and therefore his threshold of response is much lower. As
a result he react more positively to the pheromone of any calling
female, sterile or normal,

The importance of thiz is in relation to male mating aggression.
Under field conditions wild males are more sexually aggressive than
laboratory-reared males. Wild females and laboratory females appear
to be more or less equal in respect to mating readiness and in
mating fregquency.

This is further reason for overflooding males and females in
separate populations. The maximum number of potential matings and
the sctual mating frequency of males is about the same as females
in Diatraea. This probably occurs for other lepidoptera too. The
objective is to increase the number of sterile with normal matings
to the fullest extent.

2. Overflooding with a single sex

It is necessary to make certain that the normal wild adult of
one sex mates only with one of the sterile adults released. If
both sexes were released into the same population this possibility
is reduced significantly. Both sexes of screwworms were released
because there is no way to distinguish the male from the female
pupae. Male and female pupae of lepidoptera can be separated on the
basis of morphological differences. In a mass-rearing operation it

b
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will probably be Possible to separate bupae on the basis of the
size differences of the sexes. Therefore we propose overflooding
with males or females, but not both, into the same natural POPU~
lation. '—-

6. The plan propcsed is that:

a) Area A will be overflooded with males that have been
given a low dose of radiation. This dose must be sufficient
to induce partial cterility. A sufficient gene load will be
disseminated into the next generation of the wild Population
in Area A, The overflooding rate must be high encugh so that
Vvirtually all the wild females in area A will have mated with
a partially sterile male in the overflooded generation or if
not that her offepring will have mated with his offspring
during the subsequent two filial generations. We believe
that a release at a ratio of 14:1 will be adequate., The
overflooding should be over one generation time so that all
of' the females of the natural Population will be included.

b) Area B will be overflooded with fully sterilized
females. These females will be sterilized with fractionated
doses of radiation. The total dose that these females will
receive is about one half of the acute dose required for
complete dominant lethality. We expect that these released
females will be more effective at attracting males than
females sterilized by the acute doze. 4 high overflooding
ratio will be used (14 or higher to 1 recommended) to ensure
that the wild males mate only with sterile females. Female
overflooding is ultimately a mating contest between normal
females and sterile females.

B. Host Plant Resistance Project

A second project by the program is to determine the relative
importance of the chemical differences between resistant and sus-
ceptible varieties of beans {Phaseolus vulgaris). We have found
that there is a positive correlation between the presence of fatty
acids of the Cj2 - 18 chain length and attack by the bean pod weevil
Chalcodermes ebeninus Boh. (Curculionidae, Coleoptera). Chalfant
and Gaines (1973) showed that the cowpea curculio (C. aeneus Boh. )
favors cowpea varieties that have high carbohydrate content. They
attribute this to feeding stimulant effect of the carbchydrates.

This preogram is in cooperation with the USDA and UPR Bean and
Cowpea Breeding Program. The breeding program is funded by AID,
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15.

Technical Progress FY-197k:

A. Field Test of IPS Males (table 1)

Releases were made in October and November of 1972 on corn
plants in 7 cages. The leaves were removed from the plants after
20 days, and new plants were placed in each cage. In late December
the plants that had contained the F; population were harvested and
each plant was carefully examined for borer tunnels. This proce-
dure of removing the leaves from the plants containing the ¥o
pepulation of larval borers was repeated and a third group of new
plants was placed in each cage. The plants containing the Fo
generation of borerz were harvested and tunnels were counted in
February 1974. Tests in which there were no Fo larvae were termi-
nated in February. The tests containing F3 larvae were completed
in March.

The cages have been cleaned and new corn plantings were made
in preparation for the second series of tests. The second series
willl be started in late March or in April.

The population in test cages were eradicated in 2 generations
whereas the control groups maintained a population of slightly
less than 1 borer per plant. We anticipated a greater population
increase in the control cages. The increase (based on P females)
in control cages was approximately U4 fold in the F] generation and
approximately 6 fold by the Fp generation. There was considerable
ant predation in the control cages during the last month (March),
and there were cold nights during January and February. The
combined effect of the cold weather and ant predation might be the
cause of the low poupulation in the control group in the F3 genera=
tion.

We conclude from these data that the mating frequency between
normal females and irradiated males was higher than anticipated.
In the Model Competition tests (MC seriez) the F1 population was
greater than in the test series. However the stalks in the model
competition group were harvested several days earlier than the test
and control cage stalks, and there may have been more larval mor-
tality in the later larval stages in these MC tests.

-Fm




Insect Control

Sugarcane Borer Reproduction in Field Tests May,

First Cage Trials

Table 1

189 No. 27

October 1973 to March 1974

Number of

Adults Released Population Plants Harvested

Trial Mg My Fy F1 F» Fq Fl Fo F3

A. CKO (May 1973) 0 15 15 5 - 5 115 - -

B. CK/CK (May 1973) 0 0 0 G - 100 - =

(12 sept)
C. CK 1 (Oct. 73) 0 15 15 64 86 100 108 167 100
2 0 15 15 70 81 105 135 135 100
3 0 15 15 88 82 99 144 134 100
4 0 15 15 53 80 101 14k 130 100
x = BB.75 B3.25 101.58

D. MC* 1 (Oct. 73) 0 0 1h+1 35 - - 146 - .

2 0 0 1k+1 1ic N - 155 = -

3 0 0 1h+1 22 & 100 & -

L 0 0 1441 16 = " 148 = -

¥ = B.50
E. T 1 (Oet. 73) 106: 1k 14 0 0 0 126 154 37
2 9B: 7. 7 6 0 0 123 116 39
o 98 7 7 4 5 0 118 99 32
3.33 1I1.67

Number of stalks harvested per cage ranged from 100 to 167,

*In the MC series 15 mated fe
mated with males that were s
mated with a normsl male,

males were released in each cage; 14 had
terilized at 6 krads, and one had been
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16.

B, ©Sterilizing female Dlatraea with fractionated doses

Female wax moths can be completely steriiized at about one-half
the acute dose if the dose were fractionated {(Tech. Rept. 7).
Similar results were found with female sugarcane borers (see table 2).
Toba and Kishaba (1973) reported similar results with the cabbage
looper pupae. They were able to fully sterilize female adulis when
exposed as pharate pupae at about half the dose (15 versus 35 krads)
when the dose was given in fractions.

Table 2

Comparison of Acute and Fractionated
Doses to Female Diatraea saccharalisg

Percent Egg Hatch

Acute Dose (Krads) Fractionated!
98.0 + 0 98.0 +
14,2 8.8 4.8
345 17.6 0.4
2.1 22,0 o
O 29.3 0
O above 20.0 ¢

two equal fractions given 24 hours apart.

C. Fatty Acid Components in Relation to Insect Resistance in Beans

There is a positive correlation between fatty acid content and
susceptibility to the bean cucurlio. The fatty acids of interme-
diary chain length (C1» to C18) appear to be most important,

Expected Results FY-1975:

A. TField Test of Sterile Female Overflooding

Female sugarcane borer adults will be sterilized by fraction-
ated doses, giving a total dose of 18 krads. The population will
be overflcoded at the rate of 14 sterile females to 1 normal female

-8~
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L

and I normal male. The Dbrotocol for planting, harvesting and
collecting data will be similar to the fielgd tests in FY-197L,

Since the released females will be fully sterile the 1)
ropulation will only be from normal females. Therefore it will
not he necessary te continue the observations over successive
generations.

B. Fracticnated Doses on the Wax Moth

We will try to determine:
1. the optimum time interval between fractions and

2. the minimum initial dose needed to destroy the genetic
repair mechanism.

C. Host Plant Resistance Project

The analyses of fatty acids will ve completed in beans.
Subsequently analysis of differences in amino acid content in
resistant andg susceptible varieties of Phaseolus will be started,

The methods for extracting and then analyzing amino acids
involves; hydrolyzing, ion exchange colums, and thin-layer
chromatography.

Expected Results FY-1976:

A. Insect Sterility and Pielg Methods

The investigations directed toward improvement in sterilizing
methods will be continued. This will include further work on
fractionation methods and rearing and handling methods for fielgd
release,.

B. Mechanism of Transmission of Semi-lethal Factors

It is possible to obtain the funding we would like to assemble
8 team of an entomologist (Walker), s oytogeneticist (Virkki), and
& biochemist 4o investigate the correlation between chromosome
damage in IPS lines (of a lepidopteran and a homopteran species)
and lethal effects. This will involve maintaining TIPS and normal
lines, observing chromosome mutations, observing biochemical
changes in IPS individuals and stage of death of IPS individuals.

The preliminary plans for this project have been made.
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C. Host Plant Resistance in Legumes

A continuation of this effort with emphasis upon phytosteroids
and reslstance. The primary insects will be in beta-ztigmasterol.

D. The Role of Trace Flements in Insect Nutrition

The role of trace elements in insect nutrition, particularly
lepidoptera is of interest. There is little literature concerning
the regquirements of insects for specific elements, or of the toxi-
city of trace elements to particular insects.

The trace elements in metallo-organic compounds produced in
oil refining process and other sources of air pollution may have
a harmful effect on insects (particularly vanadium compounds and
hydrocarbon complexes of nickel, sulfur and other metals). The
effect, on a pest insect, if these uncommon elements are incorporated
intc the host plant should be examined.

Other lines of inquiry could stem from these:
1. Can insects be used in a bio~assay process for detecting
trace mineral elements from atmospheric, water and scil

pellution?

2. Can toxic minerals be incorporated into a host plant without
a deleterous effect on the plant or its consumers?

3. What is the degree and nature of the toxicity of some of
these uncommon metallic complexes to insects?

=10
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APPENDIX B

COST CF EQUIPMENT

Description of Equipment

1.

2

@ -

Air Conditioners (1 in 1975, 2 in 1976)

Black light traps for collecting
night-flying insects (3)

Field cage repairs

Temperature and humidity regulating
equipment for insectary

Cages for rearing insects

Compound microgcope

Optical accessories for microscopes
Furniture, cabinets, bookshelves, air

compressor and equipment for new
facilities

Total

=11

189 No. 27

FY-1975  FY-1976

$ Loo $ 850

2,000 -
1,000 1,650
3,000 2,000
- 2,000
- 2, 500
- 2,000

1,600 4,000

$8,000  $15,000
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X,

Description and Explanation of Other Services:

O o - O oW

10,

i

12.

Power

Vehicles
Equipment Main
contracts, out

services)

Machine Shop

Reactor Servie
Reproduction 3
Computer Servi
Miscellaneous

Purchase of An

Transportation
(freight, cabl

Telephone {Lon
only)

189 No. 27

FY-197%  Fy-1975 Fy-1976
$600 $600  $ 600
terance (Maintenance
side repairs and
= - 350
- = 300
Electronic Shop - - -
es - @ -
ervices = - e
ces - - &
imals - & e
and communication
es, postage) - - 200
g distance calls
' - - 100
$600 $600 $2,000

-13-
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Oak Ridge

Schedule 189
Additional Explanation for Operating Costs

University of Puerto Rico Contract No. AT-(40-1)-1833

Budget FY 1976

Operations

1.

Project Title;:

Form 189

Radicisotopic Evaluation of Irradiation [(nduced Normal Lung

Tissue and Function Changes Associated with Radiation Therapy

of Human Cancer.

Sarmiento,
Elfias,

FY 1976
.5

1.5

2.0

FY 1976

2. Security Classification of Project: Unclassified
3. Budget Activity No.: RX 0103
4. Date Prepared: March, 1974
5. Method of Reporting: PRNC Annual Report
6. Working Location: Rio Piedras
7. a. Person in Charge: Dr. Aldo E. Lanare
b. Principal Investigators: Dr. René Dietrich, Dr. a.
Dr. Antonio Bosch, Dr. a.
Dr. Victor Marcial
8. Project Term: 5 years
9. Man-Years: FY 1974 FY 1975
a. Scientifie .5 .5
b. Other Direct .5 7
1.0 1.2
10. Operating Costs: FY 1974 Fy 1975
a. Salaries jinc, Fringe
Benefits and Bonus §14, 100 $14, 600
b. Overhead Costs (75%) 10, 600 11, 000
¢. Travel 500 500
d. Materials and Supplies 9, 500 10, 900
e. Other Services 1, 300 1, 000
$36, 000 $38, 000

l1. Equipment Obligations:

$4, 000

$23, 100
17, 300
1, 000
13, 900
1, 200
$56, 500
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12. Publications - None

13. Purpose, Need and Scope

Deleterious effects of radiation in humans were observed from the
outset of the large scale applications of radiation. Many attempts have been
made to quantitate these effects. To this end, either humans accidentaly or
occupationly exposed, or animal populations experimentally exposed, have been
utilized. Such studies have furnished some information. However, the former
studies have lacked from exact dosimetry, lack of large number of individuals,
and adequate controls. In using experimental animals it is very difficult to
extrapolate to human beings.

To date, no comprehensive attempt has been made to study the great
number of individuals who undergo radiotherapy and who have normal organs ex-
posed to radiation.

The aim of the radiotherapist is not only to deliver a specific
dose to destroy tumors, but to deliver doses that will be tolerated by normal
tissues. Therefore, it is also important to understand the tolerance of
normal when we try to study optimal fractionation schemes. The most relevant
studics regarding normal and tumoral tissue reaction have been done mainly by
radiotherapists, through careful clinical assessment and recording of the
different changes ocurring after irradiation.

A previous study done in our institution showed (by means of a
functional radioisotope test) that, when the normal thyroid gland is included
in a field of irradiation, early changes can be detected in the function of
this organ, and that normal function is re-established some time after irradia-
tion is discontinued.

Functional studies after irradiation by means of radioisotope tech-
niques have been done in experimental animals, but we lack such studies in hu-
mans .

The effect of irradiation on lung parenchyma have been studied
mainly in patients with carcinoma of the lung submitted to irradiation, but
effects of irradiation on normal lung have not been studied.

Primary goals of this study will be:
1. To evaluate the early and late effects of irradiation upon

the normal lung as detected by means of functional radioiso-

topic and other laboratory techniques commonly used in ¢linical
practice.

2. To determine the relationship between detected alterations of
function and total dose delivered.

3. The time of appearance, and
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4. The degree of recovery of functional alterations, etc.

5. To relate functional alterations with energy, treatment technique,
dose~time and fractionation relationship.

6. To evaluate the possible added effect of adjuvant chemotherapy
(combiration of irradiation with chemotherapeutic agents).

7. To evaluate histologic changes in irradiated organs as specified,
when biopsy surgical specimens or autopsy are available, and
correlate them with radioisotopical and other functional findings.

The above aims, if fulfilled, would allow for the following:

1. Provide knowledge to guide cancer patients therapy by making the
clinician aware of relevant normal tissue and organ damage which
may be prevented.

2. Provide knowledge for the posgible correlation of dose and effect
in human populations occupational and non-occupationally exposed.

In the above, effects will be made toward the improvement and refine-
ment of current functional tests where possible.

Procedures
ZLUCEQUTES

Patients will be selected in collaboration with Dr. Antonio Bosch
among those receiving treatment at the Radiotherapy and Cancer Division. Those
patients without pulmonary involvement of cancer in which the treatment fields
of irradiation includes part of the normal lung tissue will be studied. This
group will consist mainly of patients with cancer of the breast, Hodgkin's
disease and such. Patients will be seen at the Clinical Applications Division
when they will undergo a clinical evaluation or their respiratiory condition.
Under the supervision of Dr. René Dietrich, lung secan studies, perfusion and
ventilation, in four positions whenever possible will be done. Evaluation of
concentration of the material in Superior, medium and low third of each Llung
will be evaluated: anterior and posterior, and a chest film in the scanning
position will ke taken.

Patients will then be sent to the Pulmonary Function Laboratory,
in charge of Dr. Adelaida Elias, for pulmonary function tests; whenever possible,
Spirometry (normal pulmonary volume), maximal spirometry flow rate, pulmonary
mechanics (compliance and resistence) difusion capacity and arterial blood studies.

After completion of these tests the patients will be referred back
to the Radiotherapy and Cancer Division for treatment. The studies will be
repeated half-way through treatment, at the end of treatment, at 1, 3, 6 and 12
months after treatment, and then at vearly intervals .
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14. Relationship to other projects

This study will be a joint one between the Clinical Radioisotope
Applications Division and the Radiotherapy and Cancer Division of the Puerto
Rico Nuclear Center with the collaboration of the Pulmonary Function Labora-
tory of the University Hospital of the School of Medicine.

15. Technical Progress in FY 74

Up to now, during FY 74, 21 new cases have been started in which
115 studies were performed. These studies comprehend the following tests:

Perfusion scanning 115
Ventilation " 62
X-Ray Films 77

Clinic Functicnal Studies in the
pulmonary function laboratory 27

We deduce that from here to the end of the fiscal year, 7 cases
will be initiated which would complete an approximate number of 38 including
those to be made during that period to those started up to now. Of the al-
ready begun patients, we losed 5: 4 because of death and 1 because he never
came back for his dates.

The number of available patients is too small so it is very diffi-
cult to make conclusions that would be too advanced. Nonetheless, the obser-
vations of the studied cases gives the impression that they present in an
approximate percent of the cases, a ventilation and perfusion diminution on
the irradiated area as an inmediate effect. 1In some of these cases, there is
a recovery observed inside the first three months. This may be due to an early
effect independent of some other long term possible effect. The comparison
of activities in the different pulmonary areas are very difficult to make in
a subjective adjusted way, especially in the cases in which the differences are
too small. A mor complete and precise information could be obtained if we
could make use of the computer or data analizer which is a complement to the
Anger Camera, used in these studies.

In the group there are 7 patients with almost one year of studies.

Two important problems were encountered in the development of this
plan:

1. (partly solved) Some difficulties in the Pulmonary Function
Laboratory due to the fact that Dr. Elfas was traveling part of the year and
not having the availability of a special technician. These studies made us
lose the continuity of some patients due to the lack of perscnnel. This have
been greatly solved with the return of Dr. Elias a few months ago.

e
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2. The other observed problem is that many of these patients are
in bad conditions and the survival is fairly short which would make us initiate
8 greater number of patients than it was calculated, to have a statisric number
with a sufficiently long period of follow up.

In spite on these inconveniences, the plan is still developing inside
the limits which were previously calculated.

16. Expected Results Y 75

17. Expected Results FY 76

If the conditions continue to be stable, some 25 new cases will
be added to the group of studies besides continuing with the Previous ones
as it was already planned. This will increase the number of tests to an
approximate number of 300. e are counting with the possibility of an in-
trease in money in order to have a technician in charge of those studies due
to the fact that the volume of work is obviously increasing, Depending on
the survival of the patients under study, a new report of their evaluation
can be made during an intermediate period,




18. Description and Explanation of Materials, Supplies and other services.

The contractor provides the space, equipment and part of the auxiliary

personnel needed for the development of the program.

FY 1974
Materials and Supplies
Radioactive materials $6,000
X-Ray Films, Polaroid Films 1,000
Picker Color Scan Paper,
spare parts, etc. 500
Materials for non-radiocactive
lung function tests 2!000
$9,500

Other Services

Patient lodging in Casa de
Salud, Mail, Telephone Calls, $1,300
Patients transportation

FY 1975

$6,000
1,900

750
2,250

$10, 900

$1,000

FY 1976

$1,200




19. Description of Capital Equipment by Fiscal Year

Pulmonary Analysis Accesory; If the Clinical Applications Division

i1s in conditions of buying the Image Enhancement System with Computer for the
Camera being used in the studies, it would be very useful for this project to
buy the dccessory named Pulmonary Analysis Accesory, especially designed to

evaluate the changes in pulmonary function. Its estimated cost is of $10,500.
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APPENDIX B

FY 1975

Pulmonary Analysis Accessory $10, 500
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Additional Explanation for Operating Costs
University of Puerto Rieco ~ Contract No, AT-(40-1)-1831

Qak Ridge Operations

189 No, 13

1. Section Title: Marine Biology
7. Security Classification of Section: Unclassified
3. Budget Activits No, : R¥X 02 02
4. Date Prepared: March 1974
% Method of Reporqiga: PRNC Annual Report
¢ 8. Base location: Mayaguez, Puerto Rico

P. Woriing Location: Cornelia Hill, Mavaguez, Puerto Rico
7. a. Person in Charge: Dr. Seppo E. Kolehmainen

b. Principal Investigators: Drg. F.G. lowman, s.E. Kolehmainen,

8. Proiect Term:
20 ect lerm

9. Man-Years
wRrrears

a. Scientific
Others

Total

10, Operating Costs:

2, Direct Salaries including
friuge benefits gnd
Christmas Bonuges (From
Appendix A)

b. Qverhead Charges

¢. Travel

d. Materisls and Supplies

e. OQOther Services (detailed
in Ttem 18)

f. Unassigned Furds

Credit from Fomento
for Dr, Lowman's
Consulting

11. Equipment Oblirationsg:

M. Banus,

Continuing effort

FY-1974
4.6
6.8

11.4

$11¢, .00

87,500

4,800
12,000
17,200

$238,100

-2,100

$236, 000
$ 9,000

T. Mo, 7J. Montgomervy

FY-1975

5.1
10.0

15.1

$152,500

114,400
6,000
10,000
16,900

e e p—

$299 800

-
———— e

$299,800

$ 27,000

FY-1976

$165,000

121,800
7,000
12,000
19,400

9 800

—————

$337,000

e e

$727 000

$ 39,000
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12, Dates and Titles of Publications:

Banus, M.D., I. Valiela and J.M, Teal. 1974, lead Contents, Exports
and Estimated Mass Balance in Salt Marsh Sediments and Grasses,
Marine Pollution Bulletin 5:6=0.

Forster, W.0., D.A. Wolfe, F.G. Lowman, and R, McClir. 1973. Trace
Element Interactions between River Water and Sea Water, p. 807=-815.
In Radionuclides in Ecosystems (D.J. Nelson, ed.). U.S. AEC
CONF - 710501 - p. 2,

Holton, R.L., C.L., Osterberg and W.0. Forster, 1973. Effect of Gamma
Irradiation on the Reproductive Performance of Artemia as Determined
by Individual Pair Matings, p. 1191=1197. In Radionuclides in
Ecosystems (D.J. Nelson, ed.). U.S, AEC CONF = 710501 = p. 2.

Kolehmainen, S.E. 1973. Experimental Uptake and Chemical Fractionation
of 29Fe and 1311 in a Turtle Grass Bed, p. 829-835. In Radionuclides
in Ecosystems (D.J. Nelson, ed.). U.S. AEC CONF - 710501 = p. 2.

Kolehmainen, S.E. 1973. Ecology of Sessile and Free-Living Organisms
on Mangrove Roots im Jobos Bay. PRNC-162, p. 141-173.

Kolehmainen, S.E. 1973. Ecology of Turtle Grass (Thalassia testudinum)
Beds in Jobos Bay. PRNC~162, p. 115-140.

Kolehmainen, S.E. 1974, Daily Feeding Rates of Bluegill (Lepomis
macrochirus) Determined by a Radioisotope Method. J. Fish Res.
Bd. Canada 31:67=74,

Mo, Tin, 1973, Uranium Concentrations in Marine Sediments. Geomich.
et Cosmochim. Acta 37:135.

Sackett, W.M., Tin Mo, R,.F, Spalding and M. Exner. 1973. & Revaluation
of the Marine Geochemistry of Uranium., IAEA=SM-158/51.

Seiglie; George A. 1973, Pyrite in Living Foraminifers, Jour. Foram.
RES., Ve 3, pi 1-50

Seiglie, G.A., 1974. The Foraminifers of Mayaguez and Aflasco Bays,
Part IV. Relationships of Foraminifers and Pollution in Mayaguez
Bay. Caribbean Jour. Sci., v. 15, p. 1=68.

Short, Z.F., P.R, Olson, R.F. Palumbo, J.R. Donaldson and F.C. Lowman.
1973. Uptake of Molybdenum, Marked with 99Mo, by thea Biota of
Fern Lake, Washington, in a Laboratory and a Field Experiment,
pP. 474=485, In Radionuclides in Ecosystems (D.J. Nelson, ed.).
U.5, AEC CONF - 710301 - p, 1.

Ting, R.Vv., 1973, Distribution of Zn, Fe, Mn and Sr in Marinc Fishes
of Different Feeding Habits, p. 709-720. In Radionuclides in
Ecosystems (D.J. Nelson, ed.). U.S. AEC CONF - 710501 - p. 2.
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In Press
i SHEIS

Banus, M.D. and S5.E. Kolehmainen, Floating, Rooting and Growth of
Red Mangrove (Rhizophora mangle) Seedlings: Effect on Propagation
of Mangroves in Southwestern Puerto Rico, Abstract. Int. Svmp,
on Biology and Manapement of Mangroves, Honolulu, Hawaii,
Oct. 3-11, 1974,

Kolehma inen, 5.E., T. Morgan and R, Castro, Mangrove Root Communities
in a Thermally Altered Area in Guayanilia Bay, Puerto Rico, In
Thermal Ecologv (J.v, Gibbons and R.R. Sharitz, Eds,). AEC.

Rolehmainen, S, E. Zonation of Organisms in Puerto Rican Red Mangrove
(Rhizophora mangle) Swamps. Int, Symp. on Biology and Management

of Mangroves, Honmolulu, Hawaii, Qct, 8=11, 1974, Accepted for
publication.

Kolehmainen, S.E., F.p. Martin and P, Schroeder. Thermal Studies on
Tropical Marine Ecosystems in Pyerto Rico., Abstract, TAEA Thermal
Svmposium, Oslo, Norway, Aug. 2630, 1974, Accepted for publication,

Zontgomery, J,R. Detection of Chelating Agents in the Guanaiibo,
Aflasco and Culebrinas Rivers of Western Puerto Rico. Abstract,
Mineral Cycling svmposium, Savannah River Ecologv Laboratory,
Mav 1-3, 1974, Accepted for publication,

Sciglie, G.A. The Foraminifers of Guayanilla Bay, Their Usec as
Cnvironmental Indicators, Rev. Espafiola Micropal., v, 4,

Wood, E.D. and N. Acosta Cintrén. The Distribution of Trace Elements
in Several Tropical River-Ocean Systems. Abstract, Mineral Cycling
Symposium, Savannah River Ecolegy Laboratory, May 1-3, 1974,
Accepted for publication,

Regsearch in Progress

See Appendix

2urpose, Need and Scope:

In the past, the scope of the Marine Biology Section has covered the
radioacti e contamination and cycling of trace elements in the marine
environmen' and coastal watersheds., 1In these studies the emphasis hag
been placed on the iccuracy and refinement of the specific activity
model, especiallv on the effects of the physical and chemical form of
elements to the uptake of the elementsn by aquatic organisms., Now the
mission has been broadened to cover 1in addition the impact of all power
production on the water quality and the ecology of tropical marine
communit jies,

Studies of stregged ecosvstems are urgentlv needed in Puerto Rico and
ther tropical areas where economical growth is changing the enviren-
ment from a ryrat undeveloped agricultural land to an urban &nd higily
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industrialized area, The impact of man's activitics shows up
as general detericration of terrestrial and marine environment,

The research mav he summarized into three categories as follows:

(1) Marire Ecological and Pollution Studies:

Basic ecolopical stuadies have been conducted in the mangroves and
coral reef areas as background and control data for studies on the
stresses in these communities. Studies of stressed svetems have
been made on benthic foraminiferan assemblages, with mangrove
seedlings, turtle grass beds and coral communities. These inclide
field experiments on giltation and thermal effects as well as
studies on species diversitv, density and biomass of organisms in
coastal waters with varving degrees of domestic and industrial
pollutants. Trace elements and radiciseotopes in marine food chaing
are studied bhoth in the laboratory and in the field,

The objectives in these studies are to determine:

(a) the dynamics of tropical marine ecosystems:

(b) the effect of biclogical and ecological factors on
the cveling of nutrients, trace elements and radio-
nuclides in the marine environment:

(c} the impact of different kinds of pollutants on
tropical marine communities;

(d) the uptake of transuranium elements from sea water
inte marine organisms and sediments, and the leaching
of these elements into sea water from sediments.

(2) Oceanographic and Limnological Studies:

These studies include water current measurements; analvses on
particulate and dissolved organic carbon in water; trace metals
associated with soluble orpanic complexes; soluble and particulate
trace metals, and nutrients in water; trace metals in sediments
and marine organisms; and experiments on the effects of organic
and inorganic forme of cobalt on the behavior of this element in
aquatic ecosvstems, Studles have been conducted in the near-shore
waters of the west coast of Puerto Rico and in the watersheds of
the Guanajibo, Afiasco end Culebrinas Rivers.

(3) Analytical Methods:

One of the objectives of the Marine Biology Section is to develop

new analytical and radiochemical methods for sea water, sediments

and marine organisms. This is done by developing mew analvtical
techniques and modifying existing techniques for marine samples.

Alpha and gamma-spectroscopy, neutron activation analvsis, atomic
absorption spectrophotometry, ¥-rav emission spectrography, colorimetry,
fluorescence emission, arc spectrography, infrared spectroscopy,

isotope dilution and gas chromatogrephy are being used for the

analysis of trace elements and organic compounds.
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14.

15,

Field studies in this category have been made in three rivers,
in the coastal areas at the river mouths, and in the off-shore
coral reefsg.

Relationship to Other Projects:

Cooperative programs have been continued with the University of
Miami, University of Florida, University of Rhode Island,
University of Washington, Oak Ridge Associated Universities,
Universitw of Puerto Rico, Lawrence Livermore Laboratory,
Environmental Quality Board of the Commonwealth of Puerto Rico,
Puerto Rico International Undersea Laboratory (PRINUL), the
Fisheries Laboratory of the Department of Agriculture and the
Department of Natural Resources of the Commonwealth of Puerte Rico.

Technical Progress in FY-1974:

Progress has been made in FYy-1974 both in the research and in
the development of the facilities of the Marine Biology Section.

(2) Research Vessel "Palumbo'!

The research vessel "Palumbo' has made gseveral scientific cruises
in the coastal waters of Puerto Rico in the past vear, During
these cruises samples of sea water, sediments, marine organisms
and oceanographic data have been collected.

The research vessel R.F. Palumbo was leased to the Environmental
Impact Studies Section of the Radioecology Division for a total
of 30 days. Oceanographic and ecological data were collected bv
the Environmental Impact Studies Section during several short
cruigses at 10 locations that have been considered as sites for
electrical power plents by the Puerto Rico Water Resources
Authority,

{2) Facilities

The facilities of the Marine Biology Section have steadily been
improved both for chemical, radiochemical, oceanographic and
ecological studies. A significant improvement in the past year

was the completion of the dock and the dredging of a channel for

the R/V "Palumbo", a repair shop building for outhoard motorboat s

end a launching ramp at Punta Guanajibo. The construction of a

1700 sq. fr. addition to the existing Cornelia Hijl lahboratory has
been started and is expected to be completed in FY-1974, 4

2000 sq. ft. wet laboratory is planned to be completed in FY=1975

at the dock area. This laboratory will make it possihle to study

the uptake of trace elements, pollutants, nutrients and radionuc] ides
in microcosms of marine communities and conduct controliled experiments
on the impact of stresses on tropical marine orpanisms and ecosystems,
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(3) Marine Ecolopical and Pollution Studies

1. Ascidian Populations

Ascidians constitute a sigrnificant proportion of the biomass in
several benthic ecosystems in the Caribbean. The role of

ascidians in the tropical ecosvstems im poorly known. This

study was made to obtain quantitative information on the abundance

of ascidians and their preference in the substrate. Number of species
species diversity, density and biomass of ascidians were studied

along & 50 m. east-west transect which includes a coral reef and

an algal flat, The sampling site was the PRINUL underwater habitat
located six miles west of Punta Ostiones off the west coast of

Puerto Rico.

r

Agcidiang were abundant both on the reef and on the flat. On the
algal flat they were the most significant group in the biomass
after the sponges and algae. The number of species, densityv,
species diversity and biomass were similar throughout the transect.
The values were hipgh on the reef, decreased to zero at the base of
the reef, and increased again to another maximum on the algal flat,
The Halophila zone, about 10 meters from the base of the reef
where sediments were silt and fine sand, had only one specieg, a
small unidentified styelid species that had up to 400 ind,/m®. The
number of species increased with the distance from one species in
the Halophila zone to 17 species at about 30 m from the reef, after
which distance the population was more or less uniform. The
distribution &nd the abundance of ascidians were related to the
substrate., Ascidians seem to require a hard or semi~hard substrate
that does not shift excessively. The hbiomass of ascidians
decreased with the depth on the reef, but on_the algal flat the
blomass was quite uniform (35 g wet weight/m“). The total numher
of ascidian species found in these studies in Puerto Rico is 32,
out of which five species have not previouslv been reported for
these waters.

2. Red Mangroves Seedling and Propagation Studies

When mangrove seedlings in Puerto Rico fall into sea water, 81-94%
float in a nearly horizontal position. The seedlings rotate to a
vertical floating position over a period of days. The rate of
rotation to vertical floating depends on the presence or ahbsence of
sunlight. In tank experiments, after 10 davs, 0-7% of the shaded
seedlings were floating vertically while 49-96% of the seedlings in
sunlight were vertical. The fastest rates of rotation were observed
for seedlings held in net cages in an open mangrove lagoon.

In sunlight, roots first appeared at about 10 days and onlv on the
seedlings whose lower ends were touching the mud, Bv 18 days
substantial numbers of the vertical seedlings had visible roots.

In the shade, no roots appeared for more than 30 davs. Roots first
appeared on the lower surface of horizontally floating seedlings,

After 40 days, 15-20% had roots primarily on the seedlings floating
nearly horizontallv,

6
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Cotyledon splitting, prior to leaf emergence, first appeared

on vertical, rooted seedlings in sunlight after 38-40 days,

with a few leaves appearing after 50 days. Very few seedlings

in the shade had split cotvledons even after two months although
elongation of the cotyledons was observed on all seedlings., The
reseeding of the mangrove and the extension of the mangrove to new

in sunlight and shade, The Propagation of mangroves in south-
western Puerto Rico will be studied in relation to this behaviar,
These studies are used as hbaseline data for thermal studies un
the mangrove seedlings,

3. Thermal Studies in Guayanilla Rav

Studies on the effectg of elevated temperatures have been
continued in Guavanilla Sav at a ‘ossil fuel electric plant. The
biomass and densits of turtie grass (Thalassia testudinum) and
associated invertebrates have been studied around the intake of
the coolinc water and near the outflow of the cove where water
from the cove entraing with hax vater, resulting in adt of + 7°C,
Thalassia beds are surviving at temperatures +3 to +:°C At

In transplant experiments, sections of turtle grass beds have been
exposed to different temperatures up to +10°C At in the cove for
nine weeks. Thege experiments demonstrated that Thalassia plants
survive in temperatures up to 35°C. Pigment analvses on thege
transplant samples indicate that the xanthophvl1 to chlorophvll
ratio exhibits a positive correlation to increased temperature.
Analyses on stored starch and sugar are being completed,

; 59 137 54
Laboratory experiments on the uptake rateg of e , Cs, Mn,

652“, 110Ag, 37¢o and 60¢, in Thalassia show significant differences
in the uptake rates of these radionuclides between the temperature
range from 20°C to 40°C, 1In the leaves the slowest and lowest
uptake was gbserved usually at high temperatures, between 38°C and
40°C, and the fagrtest uptake around 36°C  The analvses of the dara
are still incomplete, thus detailed results on the €xperiments are
not vet availahle,

4. Siltation Experiments in Corals In Situ

Paor land management, industrialization and dredging are causing
increasing giltation in the trepics, and coral reefs are dying at
an alarming rate in Australia, Hawai, Florida, the Virgin Islands,
and Puerto Rico. Deposition of sediments on coratl tolonies is
suggested asg the factor most detrimental to coral reefs in turbid
water. Data have not been available, however, showing how mueh
sediment coralg can remove under acute or prolonged siltation,
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Clay and s:lt-zize particles of (1) terrigencus laterite
soil, (2) neav-shore dredgings, and (3) calcarcous recf
sediments were apolied as lavers 1 to 6 mm thick on the
corals Siderastrea gidervea, Montastrea caverncsa and Diploris
strigosa. The experiment was conducted from an underwater
habitat at depths between 9 and 13 m at 2 reef 10 km, west of
Punta Ostioues on the west ceast of Pusrte Rico.

Agents removing sediment from coral were: secreticn of mucus,
movement of cilia, extension of polyps, water currents,
gravity and fish, M. cavernosga and D. strizosa released more
mucus, removed more scediment and suffered & lower mortality
with the same initial thiecxness of sediment than §. siderea.

A layer of 1.5 mm of sediment caused mortality in §. siderea
while D, strigosa and M. cavernoss often removed a 3 mm laver

of sediment completelv or suffered only low mortality.

The effect of water currents on the removal of sediment was
small. Disturbence of fish swimming and browsing for food at

the sediment-.overed corzl head was respensible for clearing

the coral in about 107 of the tests., Calcarecous sediments and
dredgings formed sulfides which caused an anserobic microenviron-
ment to develup on the coral more quicklv thesn with laterite
sediments, thus causing higher mortalit. Coral covered
completely with sediment turued white within 30 hours due to
disintegration of tissues,

Three specimens each of the corals Agaricia agavricites, Eusmilia
festigiata, Madracis asperula, Montastrea caverncsa, Porites
astreoides, P. porites and Siderastrea siderea were placed near

an engineering experiment that produced large quantities of fine
suspend sediment similar to the calcarecus sediment used in the
acute sedimentation experiwent, During aine davs two sediment
gauges registered a deposition of 1.5 mm depth of zediments per
day on the average. None of the coral species died nor showed any
signs of stress.

Mucus serves as a proiective coating preventing macroalgae and
other sessile organisms from settling on the coral, XNormally
corals use a large propertion of their energy requirements in
mucus production. Since it appears that siltation forces corals
to increase the release of mucus, it seems that at high siltation
rates corals may be energeticaily incapable of maintaining the
required rate cof mucus prodactior. The corals may then become
covered by csediment and macroalgae. On the west coast ol Puerto
Rico the rear-shore fringing reefs in turbid water are being
covered and killed by green algae, Halimeda spp., and Caulerpa spp.
The excessive growth of nacroalgae on corals in turbid warer could
be a result of diminished mucus producticn and eutrophicaticon that
usually occurs with turbidicy,

g
W
foe
A
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3. Foraminifersl Assemblages of the Antillean Caribhean
and Panamanian Provinces

The Antillean Caribbean toraminiferal province is subdivided into
"ive subprovinces according te the best known foraminiferal faunas,
Tae Culf of Mexico is characterized by an Amphistegina fauna in

the middle zhelf and by a Bulirinella - monionella Faunz in middie
shelf del.a environments with fine sediments, The Antilles sub~
province c¢ontains an Amphistegina - Archaias Ffauna in shal’nw
reefs, and a Fursenkoina and Florilus fauna in fine sedimenc s of
bays,

area submitted to upwelling waters, a Nonionella fauna in delta
environments and Florilus and Fursenkoina faunas in the inner
shelf, Foraminiferal fauna of the Venezuelan subprovince affected
by the cold upwelling waters of Cariaco Trench is closer to the
Gulf of Mexico subprovince than to the Antilles subprovince, The
other two subprovincesg are transitional, one of them off the
southeastern coast of North Americe, from north Florida to Cape
Hatteras and the other off the coast of southern Brazil. Eapugh
information is not available from other areas of this province,

The foraminiferal faunas of the Caribbean coast of Panama and
Colombia are related to both the Venezuelan and the Antilles sub-
provisce. North Brazilian foraminiferal fauna is also related to
these two subprovinces,

The foraminiferal assemslages of the Pacific coast of Panama and
Colombia show a closer relation to the California fauna than to the
Caribbean ones, Pacific upwelling has prevented the development of
most of tynizal Caribbean assemblages of the Pacific coasts of Panama
and Colowhia,

The Antillean Caribbean province contains a large variety of
agglutinated foraminifers in the outer shelf, the most significant
of which are: Bigenerina textularioidea, Liebusella soldanii,
Glaucoammina trilateralis, and Lia... ia mexicana., This ig the
most significant difference with the Panamanian province, where
the outer shelf agglutinated foraminifers are rare. Upwelling
waters in most of the Panamanian province is a significant
ecological factor that may be related to the scarcity of agglu-
tinated foraminifers. Similar differences are present, at least
from the Oligocene to the Fliocene between both provinces. The
Antillean Caribbean province c. ‘~ing a higher diversity of
agglutinated foraminifers from the \'igocene to the Pliocene

than the Panamanian province. These fauna suggest that ecological
differences were similar from the Oligocene te the Pliocene and
also in the Holocene,
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6. Trece Metals in Ascidians

Ascidians are the only group of animesls that is knowm to
actively concentrate vanadium, Besides this element they also
concentrate chromium, lead, selenium and nickel, Venezuelan
crude oil refined in Puerto Rice contains large amounts of
vanadium and nickel. Ascidians arge being ceollected down-
current and upcurrent frowm CORCO’S“petrochemical complex in
the south of Puertc Rico and analyzed for vanadium, nickel,
lead and chromium, The objective of this study is to see
whether vanadium concentration in ascidians could be used to
trace pollution from the petrochemical industry,

7. Radicecological Studies of the Transuranium Elements
in the Marine Environment

Sediment samples from the Tewa crater of the Bikini Test Site

are used to leach plutonium and americium into sea water, The
distribution coefficilent of 23%y in these leaching experiments
has been 1.5 x 10=7 from the sediment to filtered sea water.

The sea water labelled with these transuranium elements is then
used to study the ucptake and elimination of Pu and Am by plankton
and higher trophic levels in wmarine food chains. This studv is
in its early stages. For this proiect a fast and simple copreci-
pitaticon method of Pu and Awm has been developed., The leaching
experiments and analvges of transuranium nuclides are started,

(4) Oceanographic and Limnological Studies

1, Water Currentsg in the Cabo Rojo Platform

Cabo Rojo Flatform is a shoal area about 15 nautical miles wide
and 20 miles long., The area has three offshore fringing coral
reefs, several submerged corasl reefs and large areas of shallow
turtle grass beds., This platform is the most important fisheries
area of all Puerto Rico. TInformation on the offshore and inshore
currents in this area is verv sparse and does not allow one to
make predictions as to where the suspended sediments, nutrients
and trace elements of the river outflows are carried. Visual
obgervation shows that, for exampie, the water from the Guanajibo
River is transpovrted several nautical miles offshore. Part of
the time this murky water is carried over coral reef areas, thus
contributing to the increz2sing siltation in the benthic communities
and deterioration of coral reefs.

Ocean currents on the west coast of Puerto Rico are created by the
westerlv North Lquatorial current on the north and south coast of

the island, the trade winds and the tides. On the Cabo Rojo Platform
the currents flow to the north part of the time and to the south the

* CORCO - Commonwealth oil refinery corporation.
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rest of the time. The northerly current ig stronger than

the southerly one, and the net flow seems to be to the north,
In the summer months the currents range from 0.1 to 0.8 knots
and in the winter from 0.2 to 1.2 knots,

2. Trace Elements in Sediments of Mayaguez gnd
Aflasco Bavsa

Sediment samples were collected with a Shipek grab from the R/V
R.F. Palumbo. The samples were stripped with hydrochloric acid
and the strippings analyzed by AAS for: Mg, Ca, Sr, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Cd and Pb.

The Afiasco Bay studies showed a Very strong correlation between
Ca=Sr=Cd«Pb in one group and Cr=Mn=Fe=Co-Ni-Cu~Zn in another,
Magnesium showed a little correlation with other elements.

Depth and distance from the river mouth were positively correlated
with the firgst group and negatively with the gecond group of
elements. Three general groups of elements are apparent when
correlated with depth and distance, As the gediments are carried
out from the river the group Cu~Zn-Fe-Mn is deposited first,
followed by the group Co~Cr~Ni. (d-Pb-Ca-Sr-(Mg) are character-
istic of sea water sediments. In this study, the concentrations

of Cr, Cu, Mn, Ni, and Zn can be fairly well predicted by measuring
only Co, and Fe. Four of these elements, Co, Cr, Fe and Zn, can

be measured easily by instrumental NAA, and it will be used more

in the future. Studies are under way to determine if the difference
between the river associated groups of elements are due to sorption
and complex formation or association with different sediment size
fractions.

3. Concentration of Zn, Cu, Ni, Mn, Fe and <o in Reef
Face, Halophila and Algal Flat Sediments off the
West Coast of Puerto Rico.

The concentration of six trace metals, Zn, Cu, Ni, Mn, Fe, and Co
was determined for three ecosystewms, six miles off the west coast
of Puerto Rico, The sampling was completed from ''La Chalupa', a
manned underwater habitar of the Puerto Rico Undersea Laboratory
during December 1972. The objective of the study was to determine
the baseline levels of the six metals in the sediment of the reef
face, Halophila and algal/sponge flat zones. The concentration of
the metals was determined in the upper and lower composite 10 cm
sections of a 20 ca core and the concentrations were statisticall:
compared teo detect any difference Letween the three zones and the
upper and lower sections of the cores,

There was a significant difference in the upper and lower 10 cm
sections for Fe between the reef (170 ug/g dry wt.) and algal

(250 ug/g dry wt,) zones. The concentration of Fe in the lower

10 cm section between the reef and Halophila zones and between the
algal and Halophila zones showed a significant difference, The TFe
concentration incréases from the reef face (165 ug/g dry wt,) to

L1
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the algal zcne (250 ug/s dry wt,), In the concentration of

other metals there were ro statistically gignificant differences
between the three zones, The concentrations were 5.6 ug Cu/g,
23 ug Nifg, 48 ug Mofe, 3.8 ug Zn/fc oand 13,5 up Co/g in dry
sediment,

s, Tonie, Particulate and Qrpanic Forms of Zn, Cu, Pb,
Cr and Co in the Guanalibe River and Ceastal Zoue

Determination of the total concentration of a trace metal using &
method which only determines the ilonic complexes can under-

estimate the true concentration of the wetal as it has been shown
that organic compounds form rcomplexes with trace metals in water.

Studies have been carried out to determine the partition of
trace metals between the particulate, the soluble ionic and the
soluble organic compounds in the surface water of the Guanajibo
River, its tributaries, and in the coastal area around the

Guana jibo River mOﬁﬁg. The particulate fraction was collected
on a 0,45 Millipore “£ilter, the soluble inorganic fraction with
the Chelex 100 columns, and the scluble organic fraction with
Amberlite XAD-2 columms.

Ionic fraction of Cu did not differ significantiy between
different stations in the Guanajiho River, in its tributaries,
and in the ocean. The mean value was 18,47 (11,2 SD) of total
Cu. However, the particulate fraction of Cu increased from

65,4% (1.8 SD) in the middle reaches of the river to 76.,8% (2.9 SDh)
at the river mouth and then decreased to 33.9% in the ocean. The
organic fraction of Cu increased from & mean of 18.0% (9.5 SD) in
the river to 52.7% in the river/ccean mixing zcone. The ionic
fraction of Zn did not vary significantly Letween different stations
and the mean value was 5,3% (2,9 5D), However, there were
gignificant differenceg in the concentrations of particulate and
organic fraction of Zn between different stations., In the river,
83.2% (6.8 SD) of Zn was in the particulate fraction compared to
43% in the river/ocean mixing zone. The organic Zn fraction
increased from 10.8 (8.1 3D) in the river to 52.7% in the river/
ocean mixing zone, There were ne significant differences between
the river and river/ocean mixing zone for Cr, Co and Fb, Only
ionic Fe fraction showed any change with the distance from the
river mouth in the ocean. Ionic fraction of Fe decreased from
15,8% at the river mouth to 3,77 at stations between 500 m and
2000 m from the river mouth,

The majority of trace metals were sorbed by clay particles in the
river water, Up to 807 of zinc and copper were in the particulate
fraction. The results substantiate that a large proportion of Cu
and 7n are associated with the scluble organic fraction, as up 537

of these elements were found in this fraction,
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5« Dissolved Inoreanic Phosphate in the Guana jibo
iiver Weter, Sediments and Clays

Several authors have shown that clay surfaces adserb inorganic
phosphate; and therefore the wltimate fate of clay particles will
also determine where the phosphate is transported and deposited.
Adsorption depends on surface charges, therefore changes in ionie
strength and pH will affect the adsorbing powers of the clay. The
ionic strength and pd both change where river and ocean meet. To
ascertain the ultimate fate of the phosphate transported by the river,
an experimental plan has been devised to:

1. Determine the types of clay suspended in the river water and
in the river and marine zediments,

2. Determine in the laboratory whether thess clays can and do
adsorb phosphate and the funetion of chranging pd, Bh and
oXygen concentration on their adsorbing ability,

3. To measure the concentration of the loosely bound inter-
stitial and adsorbhed phesphate in ths sediments,

4. Determine the initial baseline values of both soluble and
particulate phosphate in the river and coastal waters and
their sediments.,

The dissolved inorganic Phosphate level in the 5uanaiibo River is
extremely high, ranging from 9.5 to 0.69 yg atl./l with the highest
values at the mouth and Just below the Zureka sugar mill. The highe-t
values for phosphate oceur when the rainfall decreases and the river
becomes anaerobic and the sediments release phosphate. The phosphate
values rapidly decreass in ‘he coastal zone (0,5 ye at./1) as compared
to the values at the river mouth. The eclays, normally feound in the
river, can adsorb 10-30% of the dissolved inorganic phosphate, depending
upon the clay concentration. There is more than sufficient phosphate in
the sediment reserveir of tre river to maintein a high level of phosphate
in the water column, The total nitrient budget of the Guana jibo kiver,
both nitrogen and phosphorus, has not been completed as yet. The rest
of the experimental plan will be complsted in the following year,

(5) Analytical Methods

1. Detection of Chelating Agents in tne Guana jibo, Aflasce
and Culebrinas Rivers of Western Puerte Rico

The method used to detect chelators was dindirect and, although not
capable of identifying the chelating apent, it did determine the concene
tration of chelatable copper in copper equivalent chelating capacity
units. The mean concentration of chelators in the filo Guanajibo for
Decembsr 1973 and January 1974 wes 0,38 mg Cu/1 and 0.90 mg Cufl for
February 1974. The combined mean for the Rio Afasco and Culebrinas
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was 0,50 mg/1 for the January and Fehruary 1974 period. The mean
concentration, in the Rio Cuanajibo from November 1972 to February
1973, of ionic copper was 0.49 ug/1l and for organically bound
copper, 0.35 ug/l, indicating that there was more than sufficient
chelator available in the fiver ty complex all the soluble copper.
The presence of a high (Ca” }/{Cu”’) ratio probably prevents the
formation of large cencentrations of vrganically complexed copper,
The mean concentration of chelating agents in the Guana jibo River
appears to be directly related tc the increased organic input from
municipalities and a sugar mill. The concentration of chelators
in tropical rivers appears to he lower than in temperate waters
and is tentatively attributed to the lower concentration of "humic'
acid compounds,

2. Effect of pH on the Ferric Hydroxide Coprecipitation
Method for Trace Metals

It has beeu noted that in ferric hydroxide coprecipitation small
changes in the final pH can cause considerable variation in the
yield, 1In order to test the effect of pH, coprecipitation
experiments were carried out from pH ¢ to 10 for lead and zinc

and from pH 8 to about 10 for cobel:, copper, nickel, manganese,

and cadmivm in & sea water matrix, All the salts were added in
inorganic form and the analyses were carried out by atomic absorption
spectrophotometry,

Data indicate that inorganic lead can be recovered quantitatively
with the (Fe Clg - NH,OH) coprecipitation method; but this method

is of limited use for the determinatiorn of cadmium in sea water.

The recovery of Zn, Co, Cu, Ni and Mn varies from 70% to 93% at

pH 9. Results indicate that to improve the yield of the copre-
cipitation, pH higher than 9.0 should be used; this apparently
contradicts the well-known fact that hydroxides of Co, Zu, Cu,

Ni and Mn are soluble in excess of NH4OH. 7this would indicate
formation of some chemical compouad between the hydroxides of these
metals and fecrric hydroxide, which are less soluble in an excess of
NH,OH, or that the ferric hydraxide very efficiently traps the
hydroxides of these metals, reducing at the same time the effects of
redissolution, The relative standard deviation of the vield in the
mixture samples is on the order of 5% with the exception of Cd which
has a value up to 30%.

The yield of the coprecipitatiou (%) of Co, Zn, Ni, Mn as a function
of the pH gives a sigmoid curve, similar to a titration type curve.
The curve of Cu suggests a tendency for the formation of hydrated
copperferrites (Cqu,FeQva.nHzo).

Results indicate that a pH of 9.5 should be used to coprecipitate Co,
Zn, Cu, Ni and Mn in sea water,
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16.

17.

Expected Results in FY-1975;

The research described above will be extended during FY=1974. Special
emphasis will be Placed on: the studies of the impact of power produc=
tion (radionuclides, thermal addition, heavy metals, eutrophication
and siltation) on the tropical marine ecosystems; the studies of the
c¢ycling of plutonium and americium in the parine environment; behavior
of scluble organics, nutrients and trace elements in river-ccean
Systems; the role of organic chelators in transporting trace elements
in the fresh=-water and the marine enviromments; the developing

analytical methods for analyzing and identifying of soluble organics
in water,

Expected Result in FY=-1976:

in progress and the needs of the Atomic Energy Commission, other
Federal agencies concerned with environmental qQuality and the Commonw
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IE. Description and Zxplanation of Other Services:

Other Services

Power

Vehicles

Equipment Maintenance
(less Palumho)

Machine Shop

Electronic Shop

Reactor Services

Reproduction Servicas
Computer Services

Consultant Fees
Transportation and
Communications (Telephone)
Migcellaneous
General Expenses

{gas and cil for boats)

16

FY-1974

7,500
1,000
900

700
2,500
1,000

none

300

500

none

1,000
1,000

200

817,200

FY-1475

7,500
1,100
1,000

1,000

(budget) &0

used

used

1,500
1,000

700

1,000
1,000

300

$1€,900
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Fy-197¢6

8,000
1,500
1,500

1,200

1,000

1,800
1,000

800

1,230
1,000

400

<19, 4
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Marine Biologv Section

APPENDIX B

Cost of Equipment

Description of Equipment

13,
14,
15,

16.

Recording Current meters

Recording Thermographs
Alpha~Spectrophotometer System

Filtering System for Pure Water

Analog to Digital Converter for Perkin Elmer 303
Infrared Analyser

Digital Readout for Beckman Spectrophotometer
Under=water Lightmeter

17' Boat, Motor and. Trailer

Gas Chromatograph

Temperature Recorders = 6 Channel

Time - Lapse Cameras

Under~water Cases for Time Lapse Cameras
Under=water Lights for Time Lapse Cameras
Atomic absorption Spectrophotometer

17" Boat, Motor and Trailer

15

189 No., 13
FY-1975 FY=1976

$ 2,000 $ 2,500

2,000 2,000
7,000
1,300
2,200
5,000
3,000
1,000
3,500

10,000

4,000

2,000

1,000

1,000

12,000

4,500

$27,000 $ 39,000
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19.

Description of Capital Equipment for Fiscal Year 1975:

In the studies on the transport of trace elements, suspended sediment and
pollutants from the rivers to near=-shore ecosystems recording current
meters are needed as the program has only one current meter now.

Recording thermographs are going <o be used for thermal and baseline
studies on mangrove, turtle grass bed and coral communities in the field.

An alpha=gpectrophotometer counting system with four surface barrier
detectors 1Is needed for analyzing transuranium elements in the uptake and
elimination experiments of these elements in marine organisms.

A Millipore Water Purification System is planned to be installed to replace
the slower and less effective distillation system. This new system would
provide pure water for chemical analyses at the Cormelia Hill Laboratory.

An analog to digital converter for the Perkin Elmer 303 atomic absorption
spectrophotometer with a direct concentration readout would speed up the
processing of data, thus providing a more efficient use of the machine and
analytical personnel,

An infrared analyzer is needed for quantitizing and identifying organic and
inorganic compounds in the river water and sea water,

A digital direct concentration readout unit for Beckman DU spectrophotometer
would accelerate the analyses of nutrients and pigments and provide a better
utilization of the machine.

An underwater light meter that givesreadings both in lux and energy units
is needed for studying the intensity of light available for photosynthesis
at different depths and turbidityv conditions in the mangroves, turtle grass
beds and coral reefs,

The program has presently only one 13' outboard motor boat. A new bigger
boat is a necessity for numercus field studies in progress and planning.

20
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University of Puerto Rico
Puerto Rico :ucicar Center - Contract No. AT-(40-1)1833

Budget FY-1976

vak Ridge Operations

1. Project Title: Polarized Neutron Spectrometry

Security Classification of Project: Unclassified

FJ
.

3. Budget Activity: RX

4. Date Preparcd: February 1974

5. Method of Reporting:  Annual Progress Report

0. Workin: Location: Mayaguez

7. Person in Charge: Dr. Rastko C. Maglic

Principal Investigator: Dr. Rastko C. Maglic

8. Project Term: New Project

9. Man-Years: FY-1974  Fy-107% FY-1976
a. OScientific -~ 0.8 0.8
b. Other e 0.5 0.5
Total - 1.3 1.3

10. Operating Costs: FY-1974  Fy-107; I'Y-1976

a. lirect salaries including

fringe benefits (A\ppendix A) “ - $10,600  $10,600

b.  Overhead Ccosts --- g,000 8,000

<. Travel --- 600 600

d. Materials and Supplies S ¢ 900 1,200

e. dther services (Itemized in Ttem 18) s 800 800

Total Operating Costs --- $20,900 321,200

1T, Equipment (Appendix B) $10,000 52,000 £1,000




Polarized Neutron Spectrometry

12,

13

Dates and Titles of Publications:

Van ilove Singularity in Iron Density of States, R. C. ‘aglic, Phys.
Rev. Letters, 31 546 (1973).

Electronic Entropy of Nickel, R. W. Jones, G. S. Knapp and R, C.
Maglic, Int. J. Magnetisn, January 1974,

Accepted for publication:

Magnetization and Neutron Studies of UPg 95g.1, R. C. Maglic, G, H.
Lander, M. H. Mueller, J. Crangle and G. S. Williams, Phys. Rev. B.

Phasc Transitions in NaNO», M. I. Kay, J. Gonzalo and R. C. Maglic,
Ferroelectrics.

In Preparation:

Electronic Properties of Ferromagnetic Iron, F. M. Mueller and R. C.

“Maglic, Phys. Rev. B.

Polarized Neutron Spectrometer Efficiency, R. (. Maglic and M. H.
Mueller, Sc. Instruments and ‘ethods.

Purpose, Need and Scope:

A. Project Abstract:

The development of an experimental rescarch program with polarized
neutrons to include materials of possible interest for the Life
Sciences is here proposed.

In the first experiment the n-electron distribution in crystaline
benzene will be investigated. By applying an external magnetic field
to the benzene sample, an induced magnetic moment of the molecule
would result. The latter can be observed in the polarized ncutron
experiment as will be discussed below; other experiments in the future
may include spin density distribution measurement around magnetic ions
in biological naterials.

In the initial phase of the project two other experinents pertain-
ing to the polarized neutron technique will be done: first, the
transmitted neutron beam depolarization measurements on amoTphous
samples will be reexamined. Existing controversy regarding the
depolarization mechanism in powdered samples requires a clarification.
Second, an attempt to study the materials possessing the clectric
dipole moments with polarized neutrons will be made. The relativistic
Interaction of a moving neutron magnetic moment with stationary
clectric dipoles of a ferroelectric sample will be utilized. This
new type of a polarized neutron experiment will widen the ficld of
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materials uscd in these experiments and may give new information ahout
ferroelectrics,

blastic Bragg scattering of polarized neutrons and transmitted
bean depolarization neasurenents can be competitively performed even
with moderately strong sources of neutrons, A polarized ncutron
spectronieter now under construction at the research reactor of the
Puerto Rico Nuclear Center in ‘lavaguezr will he the main instrument
for the proposed studies. Collaboration with other Lahoratories wil]
be requested, however, if a need appears.  Presently, such a collabe-
ration exists with the Solid State Division of the Nak Ridge National
Laboratory on one experiment listed above.

B.  Scientific Backaround:

e sonab BACkgTound

The strategy adopted in this project is as follows: g threeprong
attempt will be made to study organic substances with polarized
neutrons. The three attempts arc represented by the three experiments
mentioned in abstract.

1. Benzene ixperiment. A free benzene molecule C Hg 1s an
interesting object: it looks like a six-atom, one-dimensional
solid, wo-electrons rlay the role of "“localized" electrons while
the n-electrons may be vicwed as conduction, "itinerant" ones of
a "ringed solid". The ground state of the molecule is a single
state with no net spin. The tirst triplet state is far removed
and hardly observable (forbidden transition). This accounts for
the lack of strong magnetic properties of benzene.

The w-clectron circulation over the six carbon atoms contri-
butes nothing to the net angular moment in the absence of the
nagnetic field. Half the m-clectrons move clockwise around the
6-fold henzene axis and the other half, counter clockwise. Thus
the two currents cancel. By applying the external magnetic field,
the electron distribution starts precessing around the field
direction, This charge precession corresponds to an induced
moleculur nioment. This moment can be calculated for the henzene:
diamagnetic susceptibility of benzene, ! =54+ 10" Yamy /e gives for
the molecular moment 14m ug, Where up is the Bohr magneton unit.
A field of 1508 was assumed here. =

Giyen the electron density distribution (T} and the magnetic
field I, the brecession induced current density at a position r
1s found from J(F) = 0.5.7 $(T) T x i Tq 158 the classical
electron radius, 0.28;1Q'Tacm. Magnetic scattering amplitude for
slow neutrons Jdue to J(r) has heen calculated- ple), where g is
the neutreon scattering angle. It turns out that p(8) depends on
the Fourier transform of $(r}, the X-ray form factor. Now, p(e)
can be determinedexperimentally by measuring the flipping ratia
R{sin8/2} for many Bragg reflections with polarized neutrons:

A is the neutron wavelength.

wl
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First experiment of this type has becen completed by Shuil3
on diamagnetic single crystal of bismuth. Diamagnetic suscepti-
bility for this material in the same field (15k0#) corresponds
to an induced atomic moment of 0.87m up. In this experiment
p(sing/2) was determined up te sing/x = 0.8.

Using the above cxperiment for comparison with the proposed
benzene experiment, the feasibility of the latter may be assessed.
The advantage of the benzene experiment relating the induced
moments (factor of .16) will be somewhat offset by the lower value
of K-16f(K)/8K for benzene; K is here 4n.sing/x and f(K) is the
X-ray form factor. Since the crystal structure of the benzene
is known? (face centercd orthorombic), a detailed calculation will
be possible to optimize the experiment.

2. Neutron Beam Depolarization in Powdered Samples. A polarized
neutron beam passing through an amorphous, powdered sample con-
taining magnetic moments ordered within the small regions (domains)
may get depolarized. Recent experimental study of the neutron
beam depolarization upon transmission through the powdered

UP,._ Sﬁanear their phase transitions® showed interesting effects
whicn have not been understood quantitatively. Specifically, a
controversy exists regarding the depolarization mechanism for
neutrons in powdered samples: does a neutron spin flip within the
voids, between the grains or, rather, inside the grains themselves?
A theoretical explanation originally suggested® assumes the former
mechanism. More recent measurements of Lander’ tend to disagree
with this. Thus, additional experiments are needed to resolve this
and test the contemplated theory,

The nature of the depolarization mechanism referred to above
can be studied by measuring the neutron beam polarization with
and without a sample interposed in the beam. Experimental
arrangement similar to that used by Maglic et al.” will be
employed here, too. By studying the change in the polarization,
4P, in function of the sample conditions (grain size) amd magne-
tization within the domains, the site of the probable neutron spin flip
can be found. Alternatively, an apprcach would be to study AP on
a ferromagnetic, powdered sample (nickel powdler) in function of
the temperature and grain size.

3. Neutron Interaction with Electric Dipoles. A moving neutron
magnetic moment corresponds to an electric dipole moment in the
reference frame of the scatterer. If the scatterer happens to
possess an electric dipole moment, the neutron will interact with
it through an electric dipole-dipole interaction. Thus, this type
of scattering would resemble magnetic dipole-dipole interaction
met in the usual polarized neutron experiments. I[f, furthermore,
t?e scatterer is non-magnetic, no magnetic scattering will take
place.
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In addition to the reletivistic interaction referred to above,
there wili normaliy be muclear interaction of the neutron with
the sample, and Jess Strong interaction with the electric charges8
(so called neutron SPi- neutron orbit interaction and also Foldy
interaction)° If the muciei of the scatterer have no spin or,
if the spins are siseriented (true for  temperatures ahove some
10°K), nuclear scattering is spin independent. This would lead
to an observed flipping ratio R = 1, Similarly, the electro-
static interaction alone would Jead to an R - 7 value equal to
zero. There exists, however, quantum mechanical cross term in
the cross scction between the miclear and electrostatic scattering
which produces non-zero R - 1 values. Table I, included here,
shows (R - 1).10° -values for several Bragg reflections (hk1),
column one. This Tabie was calculated for the lead titanite
sample, PbTiO-.

104, (B-1)
hkl)  MODEL 5 MDDEL 17
200 0. 84,
300 0. ST,
001 15. 173,
0032 180. 274.
101 -819, .

R-1  -value for MODEL [ were obtained without including the
relativistic interaction; MODEL 1] includes it also. Since the
flipping ratio values as smail as (.01 are VEeTy easy to measure
(R-1 values as small as 0.0005 have been reported), we note first
that the experiment is Casy o carry out despite usually small
relativistic effects. Secend, it is clear from the Table that
the presence of the relativistic temm will be also easily
detected, Consequently, the electric dipoles of the sample will
be possible to measurc, Some of the data presented in Table 1
have been calculated in Cooperation with Dr. R. M. Moon of Oak
Ridge's Solid State Divicion (*ODEL I).

The single crystai sample (PbTi0;) has been obtained through
4 cooperation ¢f Nr. J. P. Remeika of the Bell Telephone Labs.
The extinction study with unpolarized neutron has already been
carried out in Mayaguez, on one of the neutron diffractometers.
PbTiOS has been selected for this experiment because of its
large dipole moment.
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14. Relationship te Other Projects

The research proposal presented here grew cut of a cellaboration
with other groups involved in sim:lar studics. The neutron interaction
with the electrical dipoles will be studied first on the ferroelectric
substances such as PrTiC podliEps BaTids.  The effects will be mest
prenounced with them ar tergst for ferroelectricity exists in the
Center. The Nuclear Science Division of the P.R.N.C. has extensively
studied these substances. The neutrov bean depolarization experiment
on the other hand grew out of our UIC‘IOU’ work at the Argonne National
Laboratory. Besides being of interest fur stuldving the amorphous sub-
stances, the experiment wiil uc¢ b(rrriﬂted with the projects presently
in progress at the Matcrials Scicnces Division of AN.L.

The study of the electronic propertics of organic substances may
lead to several cooperations with groups nursuing research in Life Sciences.
Exact nature of this buLyCIi.iv. i1 he botter known after preliminary
experiments (on benzene) are completed. A group in the San Juan branch
of the P.R.N.C. is :“,civrw o study of aromatic compounds and our work
may be correlated with iv,

B!
4
:

Finally, the polarized neutien DHCaroscopy as a tool will be
related to other ac11'11 es 1n the P.RN.C. and in the neighboring
Physics Departmeat of . The polarized neutron unit now under cons-
truction will suwplemenf existing Jdiftractometers ot the research reactor

and make the neutron work here more complete.

2
1
LEP,

15, Technical Progress in FY-1074:

The decision to build a polarized neutron spectrometer at the
research reactor in Mayagucz was reached in September of 1973, Unused
parts of an old spectrumeter obrained some time ago from the Brookhaven
National Lahboratory and availabiiity of cxperimental channels at the
Reactor influenced this decision. In October of the same vear, the
Technical Committec of the P.R.N.C. approved ane endorsed the project.
Time since then has been devored to the lesign and construction of one
cxperimental reactor chamnel, earmarked Tor the spectrometer. The channel
required a new "liner” tubing. ‘uch ¢! this work has by now been com-
pleted,

In December of 1973 ARC's Review Committee at the P.R.N.C. rec-
omnended an equipment grant for the construction of the spectrometer;
at the time of this writing, the grant has been received from DBER,
USAEC.

16. Expected Results for Fv-1U75:

The polarized neutrcn qwectrometer wiii be completed 1n the
sumaer of 1974. A high neutron heam polarization is expected; also an
effort will be made to obtair o**lnal fhux of monochromatic neutrons.
Experlence with @ similar unit at the Argonne National Laboratorv? and,
prior to this, at M.I.T.10 provides some confidence. A !lipping ratio
of 120 for the open bean wouid be acceptable (corresponding heam
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polarization; ~ 9G%:.

Puring Fy-1u75 thb neutron %cam depolarization study on powders
and amorphous materials wil] he Gomhicted. zae resuits wiil be correlated
with the theory xAlch also has o pe deveioned., One expects that the
depolarization of a netron i throvpgh a powdered sample
should depend on the & 5 eptiiility (magnetic),
domain size and, 35 course, the noutron velocity. The experiments
envisaged ay nrowwt aijujarnﬁ S| V)ﬂuly; Alsc, the depolarization
theory as 5chn by Haipern snd Helsteinll doee mor cover important cases which
OCCur in the experiments. Naune e case with a constant field plus

a small, isotropic ficld ad “The lutter is produced by random domains;
this situation is net deser: in the Jiterature.12,13

P i ter passl

oTa .

AIng neutron interaction with

sed nTepAratory stages. Some
expected in FY-1975 which will help in the
selection of one of Mo medels quotcy in the Table I, If the experi-
ment goes weli, it w be pussicle f¢ ﬂCtPﬁﬂiJ' separately the imaginary
and the real pﬁ*t Cf the X- Tay structure |conpaling the results

g

with results ol an eariier X- Tay inessu

The Okp“rlmﬁpigl e Ul B
electric dipoles of
preliminary resuits .

BANDLT as o

4\
ﬁ“01*1’j and, one may be able to

say something about the electvic dipoie density dmntributjon in the sample.

nt wiil he started before June of

Finally, the benzene Cxperin
igies” of this experiment will have been

1975, By that’ time ali "eng
examined,

17. Expected Results for FY =] 946

Some experience regarding the polarized neutron scattering off
the organic substances will bLe accunulated before Juns 1975, The experi-
ment on benzere shouid be :n eperalion during FY-1976.

xperinments with the new method, "spin echo chhnluue are
planned for rY-1973, 1976, This tezhnique, developedld on a low power
reactor, may be useful in studying Closely spaced energy levels of an
organic substuance.

i8. DQSFrlptiCU end Expl uﬂul'Oh of Other ﬁorvzccsa

Other Services FY-14975 FY-1976
i. Machine Shop $600 5600
2. Reproduction Services 1mao 100
3. Transportation & Comrunicas ion 100 100

Total 800 $800
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APPENDIX A
Time
Position Name Devoted
Scientist Rastko C. Maglic 503
Scientific
Associate 50%
Secretary 50%

Gross Salaries
Christmas Bonus
Total
Fringe Benefits (13%)
Unclassified funds (salary inCcreases)

TOTAL

FY-1975

$3,600

3,000

2,400
£9,0600
40
9,400
1,200

———

$10,600

FY-1976
$3,600

3,000
2,400
$9,000
400

$9,400

1,200

——————

£10,600
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APPENDIX B

Cost oi Equipment

Description oif byuipment

Experimental test utilizing the ncutron
spin echo etffect will reguire two power
suppliles (50 Volts 10 Amps cach) and
scveral home-made coils

In FY-1976 a modernization of the old
spectrometer 1s planned; spectrometer
angle indilcaticn will be Jdigitalized

and printed. Possibility for & punched-
tape cutput will be cxamined.

FY-1973 FY 10 o

$2,000

$1,000

2,000 $3,000

10
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Scientific Personnel

Name: Rastko C. Maglic (Principal Investigator)

Citizenship: U. S. A.
Place of Birth: Sombor, Yugoslavia

Date of birth: January 7, 1933

Education: Ing, Electrical Eng., Univ. of Belgrade, 1958
MSc, Physics Dept., Univ. of Belgrade, 1963
PhD, Physics Dept., MIT, Cambridge, Mass., 1969

Experience:

1958-59  Reactor Physics Div., Inst. '"Boris Kidric", Yugosl.

1959-63  Head, Time-of-flight spectrometry group, ibid.

1960-63  Assistant Professor, Univ. of Belgrade, EE Dept.

1963-69  Research Assistant, Phys. Dept., MIT, Cambridge.

1969-72  Post-doctoral Appointee, Materials Sc. Division, Argonne
National Laboratory

1972-now Physics Dept. Professor, University of Puerto Rico and
part-time Scientist at PRNC, Mayaguez,
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Oak Ridge Operations

UNIVERSITY OF PIIERTO RICO

SCHEDULF 189
ADDITIONAL EXPLANATION FOR OPERATING COSTS
- CONTRACT NO, AT(40-1)-1833
Budget FY-1976

189 No.

1.
25

10,

11

13

Project Title: Palumho

fecurit Classification of Project: Unclassified
Yy 2

Budget Activity No.:

Date Prepared: March 1974

Method of Reporting: PRNC Annual Report

Base Location: Mayaguez, Puerto Rico

Working location:

A1l tropical and temperate seas.

a. Person in Charge: Capt. D. Green
b. Officers: 1. Green, T. Merrigan, F. Rodrigue:z
Project Term: Continuine effort
Man-Years Fy-.1074 FY-1975
a. Officers 2.5 !
b. Crew and support 342 Fed
Total 5:7 B3
Operating Costs: FY-1974 FY-1975
a. Direct Salaries § 49,270 $ 53,700
Including fringe
benefits and
Christmas Ronus,
(from Appendix A)
b. Overhead charges 36,920 40,400
c. Travel 200 500
d. Materials and Supplies 2,170 3,000
e. Other services(detailed 26,500 20,600
in Item 18)
f. Unassigned Funds - 7,000
(Emergency drvdocking
hull or engine repairs
and overtime) (Total) 115,070 31725, 700
Anticipated Rewenue 21,000 20,000
Net Operating Costs $ 94,020 $105,200

FY-1076

NN
.
]

N
N

FY-1976
$ 57,400

43,100
500

4,000
25,200
7,000
137,200
20,000

$117,200




PALUMBRO 189 No. 13

FY-1974 FY-1975 FY-1976

12. Equipment Oblipations: 6,000 9,500 10,000
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18, DNescription and Fxplanation of Other Services:
Other Services FY-1974 FY-1975 FY-197¢
a. Power 1,200 2,200 2,600
b, Vessel Maintainance 19,000 12,000 15,000
€. Machine Shop 500 600 700
d. Flectronic Shop 1,000 No Charges
€. Reproduction 100 100 100
f. Transportation and 500 700 800

Communications

2. General Expenses (Fuel) $zg:§gg $2§:23g szgiggg
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19. Description of Capital Equipment for FY-1975:

A gyroscope is being planned to be coupled with
radar. This system would increase accuracy and
simplify the determination of oceanographic sampling
stations. It would also make the navigation simpler,
safer and more accurate in coastal waters.

A Cherry picker hydrowinch is planned to be installed
for launching skiffs and for loading and unloading gear
on both the aft and upper deck. This kind of winch is
much safer to operate than the present large boom.
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APPENDIX R

Cost of Equipment

Description of Equipment

1.
4

Gyroscope

Cherry-picker hydrowinch

Fresh water maker
Emergency 3KW Diesel Generator

Hydraulic capstan for after deck

189 No, 13
FY-1975 FY-1976
4,500
5,000
§9,500
5,000
2,000
3,000

$T0,000
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RENEWAL PROPOSAL
UNIVERSITY OF PUERTO RICO
PUERTO RICO NUCLEAR CENTER-CONTRACT NO. AT-(40-1)=1833

Oak Ridge Operations Schedule 189 No. 24

10.

Project Title: Studies on the host-parasite relationship in
Schistosoma mansoni; Radiation effects and
application of radioisotopic techniques

Security Classification of Project: Unclassified

Budget Activity No.: RX 03 04

Date Prepared: March 1974

Method of Reporting: PRNC Annual Report

Work Location; Rfo Piedras, Puerto Rico

Person _in Charge: Dr. Raymond A. Brown

Project Term: Continuing effort

Man Years FY-1974 FY-1975
a. Scientific 1.35 Lsd 2
b. Other Direct 1.60 1.85

Total 2.95 3.57

Operating Costs:

a. Direct salaries, including $ 35,000 $37,800
fringe benefits, Christmas
bonus . and unassigned funds

b. COverhead Costg 26,300 28 400
¢. Travel 600 800
d. Materials and Supplies 3,100 3,000
e. Other Services 9,000 9,000

Total operating Costs $74,000 $79,000

Equipment $6,000 $15,000

FY~-1976

$45,100

33,800
1,000
5,100

9,000

$94.000

$30,000
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11. Dates and Titles of Publications:

1. Chemical Control of 3nails, in Epidemiology and Control of
Schistosomiasis (Bilharziasis) 1973 Ritchie, L, 8., Paulini, E.,
Jobin W.R. Clarke., V. de V. and Higgins A. E. H. pp 458-528
Edited by N. Ansari. WHO. S. Karger, Besel Publisher

2. Piological Control of Snail Vectors of Trematodes by Means of
Toxic Plants: Delinitive Screening and Comprehensive Laboratory
Evaluation of Solanun nediflorun against Lymnaeids. (M, §.)
August 1973, PRRC Publ, 189,

12. Purpose, Need and Scope:

The purpose oi the schistosoniasis project is tc obtain information
by nuclear technicues in combination with conventiona! methods that will
contribute to ultimate control of this worm infection, The parasite,
Schistosoma, which reguires certain snalls for its life cyecle, cccurs in
major world areas, and affects at least 200 million people. The clinical
effects range from seemingly harmiess infections to death with a gradient
of mild to severe disabilizy. Severity relates to the number of schiste-
gsomes that enter the body, bur ili-effects are primarily the results of
worm eggs that fail te escape into rhe feces and urine but instead lodge
in the liver or bladder. Individual difievences in relation to hypersen-
sitivity to the ezgs apparently aifect the disease syndrome.

Ultimate control could involve one or several c¢f the following mea-
sures: Chemotherapy, enviromental changes, molluscicides and immuniza-
tion., Biological control or interference with the ability cf larval
miracidia to leocate and pencirate its snail host iz an important possibi-
lity.

Chemotherapy may be emerging as an effective measure, but side
effects still are a hazard in mass therapy. Socio-cceonomic changes f{or
betterment of man are critical as people in poverty are especially
vulnerable to exposure of infective cercariae. Fnviromental changes ad-
verse to the snail alse demand attentien. (reatest effort has been given
to chemical control of wector snaile. No agent for biclogical control
can be named with confidence. Tmmunity :3 acquived by certain animals,
vet not by others. There exismatbest a marginal immunity in man.
Prospects for a vaccine seemingzly depend on an understanding of the immune
mechanism involved.

An important area where control has been achieved is Japan and In
part results from the assiduous nature of the people rather than by
refined methods., Relaxation of efforts might still mean restoration of
disease in uapan. There the endemic foci are relatively small, and the
need for simpler measures and betler defined avenues of approach to control
are essentia . for future efforts in the vast cndemic areas cf Africa, the
Middle East, Western Hemisphere, China and the Yhilippives.

™
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3. Refinement ~f antizens in hopes of finding one that would
serve as a vaccine.

9. The role of chemical, physical and biological factors in
the parasites search for its two hosts.

13. Relationship to Other Projects

1. Collaboration for close liaison is maintained with the staff
of the U, 5. Public Health Service (3an Juan Laboratories), the Medical
School and the PBiology Nivision of the Rio Piedras Campus, University
of Puerto Rico,.

2. Lyophilized §. mansoni adult worms, cercariae and eggs are pro-
videded the pesearch staff of the Department of Medicine of the Medical
School as a source of antigens for serological tests. These are in ex-
change for snail culture facilities,

14. Technical Progzress Report for FY-i%74

Tmmunological Studies

The exo<antijgens secreted by S. mansoni cercariae and_eggs have
been purified chemically modified and then labeled with I°°7. Radio-
immune binding studies have shown that there are five or more antigens
in both the egg and cercarial material. The antigens rance in size
from approximately 20,000 to less than 3,000 Dalteons. Competitive in-
hibitors to these antigens exist in the sera and urine of infected mice.
However, normal! urine and sera also appear tc contain inhibitors to the
smaller antigens.

An Ouchterlony precipitation band can be demonstrated between the
sera of infected mice and the urine from normal and infected mice. The
band does not develop with sera {rom normal mice. 1t is suspected that
the S. mansoni anticens are similar to host antigens leading to cross
reaction, Studies with absorbed sera ate in prograss,

Infection of mice with cercariae irradiated with 2000 Rads vields
approximately one-fifLh as many adulc worms as infection with normal
cercariae. However, atrer one day of in vitro cvliture, the irradiated
schistosomules survive better than the unirradiated schistosomules when
injected into mice. [t 1s suspected that this differential survival of the
jirradiated and normal parasite is related to its ability, or lack there-
of, to coat itself with antigens from the medium. The in vitro medium
is based on calf serum. Jirradiation of cercariae results in the stunt-
ing of adult worms. lhere is evidence that this stunting is the result
of an immune response by the mouse, Preliminary data have been cbtained
suggesting that the injection of aggregate-free purified exo-antigens
into mice infected with irradiated cercariae partially reverses the stunt-
ing of the worm, This implies a n»rotective effect of the exo-antigen ’
for the parasite.

&
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In collaboration with the Radiotherapy PRNC group, and lately
with the hematology group, University Hospital, an attempt has
been made to apply the chemical technique developed in the S. man-
soni investigations to antigens released into the media by tumor
cells. The extrapolation appears to be successful in that fractions
have been prepared from a squamous cell carcinoma, 2-5% of which bind
preferentially to the sera from patients with it. An attempt is
being made to do a similar study with antigens isolated from the serum
of a patient with Hodkin's Disease. Tn a number of instances, the
work on the tumor antigen and S. mansoni have complemented each other.
The precipitation reaction now being studied in the S. mansoni system
was first demonstrated in the Hodgkin's patients in remissien and
what is assumed to be a tumor antigen,

Mirgcidia Attractant

There are published data demonstrating that miracidia are attracted
by chemical substances released by the smail. The data could be inter-
preted to indicate that the active principal is the hydrogen ion.
livdrocloric acid, sulfuric acid, and acetic acid do attract the miracidia,
The possibility of using the hydrogen ion to lure the miracidia away from
the host snail is being investigated,

Uitrastructural Studies

The treatment of tissues for electron microscopy involves drastic
conditions that may produce undesirahle artifacts. Conseaquently, the

several steps used for the preparation of the specimens must be eriti-
cally evaluated.

In our studies with the cercariae of Schistosoma mansconi it has
been observed that adequate depiction of the glycocalyx seen surroun-
ding the cercariae is dependent on the concentration of sucrose, ot
glucose, and Ca Clp in the buffer and fixatives, This structure is
best show using low concentration of glucose and Ca Cl,: it disappears
with relatively high concentrations of sucrose (10%). Some of these
findings must now be reevaluated before undertaking some of the planned
sophisticated histochemical investigations, The studies on the Cerkarien-
hullen reaction, a diagnostic test, will be completed after the above
parameters are elucidated,

Histochemical studies on the cercarial sensory bulbs are underway.
Both the phosphate and acetylcholinesterase content was demonstrated.
Light microscopy, fluorescence methods, and scanning electron microscopy
are being used to support these findings.

Some data have been collected on the diagnosis circumoval test
of Oliver-Gonzdlez with S. mansoni eggs being recovered by two
different methods. 1In the Ritchie, Berrfos-Durfn method the egegs
are concentrated by a density gradient of NaCL. The newer method of
Toro-Goyco providing less debris makes us of pinguinaine, a proteolytic
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enzyme. Toro-toyco and C2ncio have shown that the eggs prepared with
the aid of the enzyvwe react mere promptly and wore intensively with

the reguired homclorous antiserum. Our current explanation as observed
under the transmi:szicn electren microscepe is that the eggs recovered
by the Ritchie, Nuran melhod cre covered by a

fibrillar membra ebris: this is not so with the enzyme-based

test ol Toro-Coveco,

15, Expected Resuiis 1975

Laboratory studies will be initiated investigating the possibility
of setting up competition for miracidie between B. glabrata and decoys,
which would slowly release Svdrogen ton into the medium. It is thought
that one mav be able to develop effective and inexpensive decoys from
ion exchange resin. .Tese studies would be in preparation for field
trials in which cne would scetter the decoys periodically into focal
areas of snail Intection with the hope of markedlv reducing the infec~
tion rate in the snail.

Inmmunclegical Studies

Ffforts will continue o define the factors which are important in
establishing Uhe immunciczical eguil brium between the S, mansoni para-
site and its mammaliaw host. One should be able to establish definitively
whether the exo-gntigens are capable of blocking the mouse immunity
against the worm. Thls s usefu; concept because it implies that
the exo-antigens are luportant for the worms survival., A concerted
effort will be made to hvperimmunize mice with exo-antigens. This is
a difficult immuncchemical probler iavelving linking the antigens to
a high immunogeric molecule {(bacterial {lauella). There is reason to
believe that such mice mav be {mmune to the narasite. Investigation
of the effect of radiatinn upon the coating of the parasite by host
antigen will also continu

m

There are a number of possibilities for measuring antigen in the
blood or urine of individuals infected with §. mansoni. The measure-
ment of antigens in binod appears to be more specific but would involve
difficult chemical seperarvions., The use of Ochterlony diffusion for
the detection oI aniislens in urine would be very useful if it can be
made more specific.

The above studies will continue to be done in parallel wich similar
studies with tumor antigens, mosi probablv from Hodkin's patients. 1If
a parallel between §. mansoni and tunors ig demonstrated one would be
tempted to assume that the immnnolegy and chemistrv of the exo-antigens
of all blood parasites mav be similar.

A liaison has bveen established with the Biochemical Department of
the Medical School. 1In a cooperative project the ultrastructural studies
will be backed up by Dicchemical investigations, Dr. Khatib will study
the differentiation of schistosomules bv following protein and ribonu-
cleic acid synthesis. One is interested in histochemistry of the sen-
sory organs of cercariae, the biochemical and morphological development
of schistosomules, and the immunachemistry of the glveocalix that surrounds




Schistosma mansoni Project Schedule 189 No. 24

the cercariae.

16. Expected Results 1976

It is probable that some of the above projects will be ready for
field studies by FY 1976,0r earlier. We have very good liaison with
the federal public health laboratory in San Juan and the Commonwealth

tal agencies are willing to supply the necessary field personnel and
material. However, one additional research associate and additional
budget for material will be necessary in order to be able to match the
efforts of the local government .

The facilities for test primates should be available by FY 1976,
With these facilities we shall be able to compare the immunological
parameters of the Rhesus monkey which is resistant to S. mansoni with
that of the Green Monkey which is completely susceptible,

17. Deseription and Explanation of Major Materials, Supplies and
Other Services Items-

The contractor will furnish adequate office and laboratory faci-
lities. Alsc available are suvitable sources for different types of
irradiation, as well as equipment for handling and measuring radio-
isotope activities. An automatic three channel liquid scintillator
is also available for this Project. Facilities for tissue culture ,
a mouse colony, and a snail colony, are also available in the Medical
Sciences and Radiobiology D;vision.

Other Services FY-1974 FY-1875 FY~1976
Fower $2.,000 $2,000 $2,000
Transportation charges 500 500 500
Vehicle charges 500 500 500
Purchase of mice 5,000 5,000 5,000
Equipment maintenance _1,000 1,000 1,000

Total $9,000 $9,000 $9,000
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18. Description of Capital Equipment by Fiscal Year:

1 Ultra-low Temperature Freezer: Fiscal Year 1975

To the present time, we have not been able to repair these
units locally, so that it is necessary to replace them about
every 5 years, This freezer will be required as a replacement
for an existing one which will be 5 years old, fiscal year 1975.

1 Central Vacuum Pump with Reserovir Tank:

There is a need for central installation of this equipment for
the animal quarter building. We have lacked this service ever
since it was built,

1 Two-stage Vacuum Pymp:

This is needed to serve as a stand-by for our lyophilizer.
In the past, replacement or repairing (on an exchange basis) of
this pump has resulted in 3-4 months delay.

2 Upright Freezers:

Both of these freezers are required for preservation of bio-
logical materials; one in the animal assessment building, one in
the biomedical building.

1 Decontamination Steam Autoclave:

This auteclave i necessary to replace the much larger exist-
ing one in the animal assessement building which has become unser-
viceable and unrepairable.

Primate Cages: Fiscal Year 1576

Plans are being made to build additional animal quarters to
include monkeys. Primate cages will not be included in the cost
of the building and therefore must be covered by an item in the
equipment budget.
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Cost of Equipment

Appendixz B

Description

1 Ultra-low Temperature

1 Central Vacuum Pump with Reservoir

tank
1 Two-5tage Vacuum Pump

2 Upright Freezers

Freezer

1 Decontamination Steam Autoclave

Primate Cages

Total

10

Schedule 189 No., 24

FY 1975

FY 1976

$ 5,000

1,600
400
3,000

5,000

30,000

$15,000

$30,000
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RENEWAT, PROPCSAT
UNTVERSTTY OF PUERTO RICO
PUERTO RICO NUCLEAR CENTER . CONTRACT NO. AT-(L0-1)-1833
BUDGET FY-1975

1. PTOJECt Title: Terreatrial Ecology Project

2. Security Classification of Project: Uneclassified

3. Budget Activity No.: Ry - 0z-01

4. Date Prepared: March, 1974

5. Method of Reporting: Annual Progress Report

6. Working Location: Rio Piedras

7. Person in Charge: ©Dr. Richard G. Clements

8. Proiect Term: Continuing effort
—_— T e

9. Man-Years: FY-197L4 FY-1975 Yy -1976
a. Scientifie 1.8 1.95 3
b. Others 5.6 5:63 6.5
Total 7.k 7.58 Dse

1C. Operating Costs:

a&. Direct Salary including
fringe berefits (from

Appendix A) 75, 337 79, 238 105,203
b. Overhead Costs 56, 500 59, 128 78, 9or
c. Travel 1,663 2, 400 3, 000
d. Materials & Supplies

{Ttemized on Ttem 18) L, 500 4, 500 7, 000
€. Other Services

(Itemized on Ttem 18) 6, 800 6, 500 6, 600
f. El Verde Operations 3,200 4,634 7,295

Total Operating Costs 148, coo 157, 000 208, 000

11. Equipment Obligations: 12,500 11, 000 12, 000
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Dates and Titles of Publications

Published

i. Martens, C.5. and R.C. Harris, 1973. Chemistry of Aerosols, Cloud
Droplets and Rein in the Puerto Ricar Marine Aimosphere, J. of Geo-
physics Res. September 73.

Hamilton, Stephanie L., and Hnland Seymour, 1973. Aguatic Hyphomycete
I'lora of Two Rain Forest 3treams in Northeastern Puerto Rico.

R

3. Block, A McB., R.G. Clements, 1972, Ground State Electronic Properties
of Plant Growth Regulator. Self-consistent field molecular orbital
(SCF-MO) calculations for some auxins., J, of Theoretical Biology.

L. Block, A.McB., R.G. Clements, 1973. Ground State Electronic Properties
of Plant Growth Regulators IT. J. of Envirommental Quality.

5. Block, A.McB., Lec W. Newland, 1472, Mcolecular Orbital Caleulations
for the Isomers of 1, 2, 2, 4, 5, & - Hexachlorocyclohexane. To
appear in the Proceedings "Envirommental Quality and Safety” by G. T.
Verlag, Ztuttgart, Germany.

[

Stevenson, G.M., J.G. Concepcidn, M. Colon, A.McB. Block, 1973. "The
Cyclooctatrienyne Radical Anion". To appear in JACS, Mar. 21, 197k,

In Preparation

See attached Research Progress Report

Purpcse, Need, and Scope

The FProgram's purpose is directed toward an understand.ng of the
tropical forest with special emphasgis focused on the role of the forest
in watershed management.

Throughout Latin America, rapid technological advances have accentuated
in meny areas the conflict between man and nature. This ic especially true in
Puerto Rico.

The watershed 1s a separate entity with its own ratic of land devoted
to forests, agriculture, industry and urban areas. The interaction of these
areas determines the quantity and guality of water released from the watershed
for human use. An adequate water supply determines the potential expansion
of agriculture, industry and housing in any given areas. Thus the watershed
presents & unifying concept to aid in the evaluation of an area's natural
resources, its land use potential and hence its future energy demands.
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Becauge the tropical forest occupies a key position in a watershed, an

understanding of its structure and function is vital to broper watershed
management.

Within this context, the objectives of the program are focused on
investigations which are designed to elucidate (1) the movement and
transfer of nuclides within ang through the forest ecosysten (2) the energy
flow and (3) the hydrologic eyele, Because of the uniqueness of the gamma
radiation center, a continuing effort has been placed on investigations
dealing with the recovery and succession of plants.

Relationship to Other Projects

The use of the watershed approach as a unifying concept has been
and is being carried out at other locations such a Brookhaven, Argonne,
Hanford and Qsk Ridge National Labcratories. The development of a complete
watershed study in Puerto Rico would provide valuable information on
tropical systems ang complement the investigations at the other locations.
Cooperative investigations with other sclentists representing Ohio State

University, University of New Hempshire, North Carolina and Texas Christian
were conducted this past year,

Technical Programs FY-197L4

The major activities of the Terrestrial Ecology Program this
past year have been centered op the cycling of stable elements in the
El Verde Rain Forest. Specifically, efforts were directed toward the
completion and reporting of the Rainfall Interception Study, completion
of the bi-annual census of plants in the radiation center and completion
of on-going animal ecology studies.

Additional studies were initiated this past year that dealt with
mineral cycling. Such studies included the tagging of the giant tree fern,
Cyathea arborea with P-32 and measurement of spore dispersal; a leaf litter
decomposition investigation designed to measure the effect of time of leaf
drop, rainfall, temperature and humidity on rate of leaf decomposition;
the decomposition of leaves in = freshwater stream by aquatic fungi, a study
on the chemistry of rainfall, an investigation on the rhysico-chemnical
properties of growth inhibitors and an investigation on the extraction
efficiency of Ca-109 using the APDC/MIBK method.

Two important departures were made this year which broadened the
activities of the Program. The first involves a study on the changes in
water quality of fresh water streams with time ag affected by altitude ang
land use. The second was the participation of the Program's personnel in

Rainfall Interception Study

Results of this investigation have shown that the factors of
intensity, duration and overall distribution of storms by storm size

i G
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mist be taken into consideration in determining the fate of isotopes that
reach the forest via rainfall. While the relationships between rainfall-
throughfall and rainfall-stemflow were best described by a linear equation,
neither is a constant percentage of rainfall but varies with storm size. On
the average it requires approximately .03 to .05 inches of rainfall, depending
upon antecedent conditilons, to satisfy the wetting requirements cf the vegetation
and produce throughfall. Preliminary chemical analyses of rainfall by .01
inch fractions have indicated that the first .Ch inches had the highest con-
centration of Ca, Mg, Ia and Y. This quantity coincides with the amount of
rain required to wet the vegetation and the elements contained therein are
available for foliar abseorotion. Trequency distribution of storms by storms
class intervals of 0.1 inch showed that 69 of the storms were 0.1 inch or
less. wWhile the small storm contributes very little to the total annual
rainfali, the impact of small storms on the chemical inputs to this tropical
ecosystem is major,

Census of Vegetation in the Radiation Center

Thig i1s =z continuing effort to measure and document the recovery and
succession of plants following gamma radiation. In October, the sixth complete
census of the €72 square meter rlots was completed. Since 1969, the census has
been made on a bi-annual basis. All plants are identified, measurements are
made on heights, diameter and nurber of individuals. The 1971 and 1973 census
data have been transferced to IBM cards for data reduction and analyses.
Attempts are being made to review the censuses of earlier years and transfer
this information to TRM cards. Upon completion of the 1975 census, 1C years
following radiation, a complete review and analysis of recovery and succession
will be done. Because this area is unigque, a decision will be made at that
time whether to terminate or continue following the recovery. Tentative
plans are for continuation, but at 5 year intervals,

Animal Ecclogy

Research has been centered on the population dynamics of Eleuthero-
dactylus coqul representing the frog speciles and of Anolis cristatellus
representing the lizards. Alsc as part of our understanding of the vertebrates,
island-wide mapping on the distribution of Eleutherodactylus and Anolis
specics was started. During the ccurse of the mapping of species distribution,
a new specles of frog was discovered and it is the only live-bearing frog known
from the western hemisphere.

Fleuthercdactylus coqui was chosen for the population dynamics study
because of the discovery that this species would take up residence and breed
in small shelters made from bambon internodes. The use of these shelters
has permitted close observation cn the behavior and reproduction of this
species which was never befcre pessible. Identification of shelter oc-
cupants through toe-clipping has yielded information on t{he movements and
reproduction in this frog alcng with an insight into the populaticn levels
and size of the reproductive pool.

Preliminary results suggest an adult population density between 500-
600 individuals per acre which maintains a fairly constant reproductive
poprlation of approximately 200 incdividuals. Due to the territorial be-
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havior of the Species, the mark recaplure technicues cannot be utilized
for population estimates. This study will be concluded in February, 1974.

Measurement of Spore Dispersal of the Grant Tree Fern, Cyathea arborea,

using P-32,

This study was initiated in 1972 as part of an overall investigation
on the ecology of Cyathea arborea by the investigator for s master of science
degree. In 1972, studies were conducted on aspects of spore dispersal, game-
torhyte growth and maturation and sphorophyte growth. Preliminary work was
dene on a technique for tageing the spores with P-32. As & result on this
work, a mature tree fern was tagged during June, 1973 by driiling a hole in
the trunk just bvelow the crown and injecting P-32, Following the tagging of
the area of gporongial maturaticon spore dispersal and distribution were measured
from near the plant out to 100 ft. with a special sampler develcped by the

investigator. Snores were collected on filter papver and counted by liguid
scintillation., Work was completed in september, 1973 and will be reported in
early 197L,

The Effect of Moisture. Temperature, Humidity and Time of Leaf Drop on the
Rate of Leaf Decomposition.

Decomposition of leaf litter is an important aspect in the cyeling
of elements within the forest Systems. The procedure most commonly used is
the enclosure cf a known amount of leaf litter in nylon mesh bags, placement
in the field ard subseguent re-weighing over time to determine decomposition.
The method has the disadvantage in that the leaves do not decompese in a
natural envircrment.

To circumvent this problem, a multi-faceted study was initiated +this
past year to study the decomposition of individual leaves over time as in-
fluenced by changes in tempersture, humidity and rainfall distribution.
Starting las+ ZYeptember sets of 150 individual leaves of the gpecies Dacryodes
excelsa were placed on the forest floor at two week intervals, Prior to place-
ment the air dried leaves were welighed to 4 decimal places and assigned an
identification number which was attached to a monofilamert iine tied to the
peticle of cach leaf.

Every two weeks 10 leaves are harvested at random from each set,
and returned to the laboratory for determination of the oven dry weight.
The difference between the initial weight, corrected to an oven dry bagis,
and the final oven dry weight is used as & measure of the decomposition
brocess. Temperature and humidity are recorded at ground level with a re-
cording hygrometer and rainfall ic measured at the ¥l Verde Station.

Preliminary results shew a sharp weight loss in the range of 15 to
20 percent in the initial two week period of each set, This is followed by
& much reduced, dut constant disappearance with time. Some of the first sets
of leaves are showing trends of leveling off in weight loss as the dry season
1s approached. TIf this is the case, decompositional activity may not begin

again until the on-get of rains in April-Mey, 1974, TFinal dats cellection is
scheduled for September, 197k,
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The Aquatic Hyphomycete Flora of the Rain Foregt.

The first work -a the aguatic fungi was initiated by Dr. Rolend
Seymour from Ohio State University in 1970. In early 1973, Stephanie
Familton of Ohio State conducted an investigation on the "Aquatic Hy-
rhomycete Flora of Two Rain Forest Itreams” as her thesis research.
This work was completed in March and the thesis submitted and approved.
The following is the summary:

"Freshwater hyphomycetss from the Quebrada Jimenez and Sonadora
were collected and identified. TFoam svora in relation to daily rainfall,
species composition in abundance with other tropical areas, frequency in
dgistribution, and vercent relative density were discussed. A total of
29 gpecies representing 29 genera and 12 unidentified forms were recorded” .

A second study on the Hyphomycetes was initiated this past year
by David Padgett, a deoctoral candidate from Chio State University. The
title of the dissertation rescarch is "The Contribution of Aquatic Hy-
phorycetes to Decomposition c¢f Submerged Leaf Litter". The objectives
of the study are o determine the contribution of this aquatic fungal
aroup to the breakdown of submersed leaves of five (5) predominant
dicotyledonous species, Leaf discs will be submerged and random samples
removed cver time teo determire changes in dry weight, caloric and protein
content and intensity -f sporulation of hyrvhomycetes infesting the leaf
discs. Data will be cocllected through August 197k,

Investigations on the Physio-chemical properties of Growth Inhibitors.

Preliminary investigations have begun on the pcssible role that
growth regulators, produced during the decomposition of leaf litfer,
might play in the povulaticon dynamics of a forest.

Ground leaf materisl from each of 10 of the dominating species of
the rain fcrest was added to 00 grams of forest scil and placed in 1
liter flasks, moistened and slliowed toc decompose over a six month pericd.
The scil-leaf mixture was extracted with warm ethanco and methancl sclvents.
After concentraticn, the residues of the extractlons were taken up in small
quantities of =ther. The presence of aryl hydroxy substituted cinnamic and
benzoic acids in these extracis was established using thin-layer chromatographic
techniques. Determinatlion of the relative quantities of these known growth
regulators and thelr effect on rain forest species is pending,

In conjunction with this werk, two theoretical investigations have
been completed and submitted for publication. The ground state electronic
properties of variocus growth regulators were evaluated by computer. The
evaluation employed the semi-emperical methed using complete neglect of
differential overlap (CNDO/2) and a closely related methed using "intermediate”
neglect of differential overlap (TIDC).

Tn the first study, self-consistent field molecular orbital (SCF-MO)
claculations were carried cut using CNDO/2 for a group of known plant auxins.
These were Indole-2-acetic acid, {JAA) l-nuphthalene acetic acid {NAA). pheno-

.
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Xyacetic acid, h-chlorophenoxyacetic acid, 2,4 dichlorcphenoxyacetic acid,
(2,L-D) and 2,6 dichlorophencxyacetic acid. Total energies, dipole moments,
energies of the hishest ceccupied molecular orbital {HOMO) and lowest unoceupied
molecular orbital (LUﬂO}, total electron densities, pi-crbital densities and
crbital coeffiecients of the HOMD ard TUMO of individual atoms were derived

for the lowest eneryzy configuration of each molecule. Upcn comparison of
published work on auxin activity with this analysis, the data suggest +hat
auxin activity ig more clogely associated with the celectron donating ability
of the ortho pesiticn of the vhenovyacetic acids.

In a second study, it was possible to use SCF-MO procedures to
caleulate g priori gingle ionization votentials, In the absence of exper-
imental data these potentials are approximations of the oxildation potential
cof the molecules, They can be used to cecmpare ease of oxidation for members
of an homologous series or for a group of compunds having similar styuctures.
Molecules svaluated were: indole-Z«acetic acid (1AA) o - naphthalenesacetic
acid (MAA), vhencwyacetic acid (POA), h-chlorophencuyacetic scid {(4CL-POAY,
2,4 dichlorovhenoxyacetic zeid (2,6-D) ana 2,4,5 trichlorophenoxyacetic acid
(2,4,5-7), The order o® stability of these molecules to conditions favoring
environmental oxidation was found fo be:

24,50 > LOL-PoA > POA;2,L-D S 2,6-D S A > NAA

Determination of Extraction Efficiency of 109Cd (11) using the APDC/MIBK
Methoa.

The extraction efficiency of cadmium from aqueous samples using
the APDC/MIBK method was determined using 9%4 as a tracer. Selected
factors such as pH, initial concentration of cadmium, and APDC concentration
were evaluated and the following results obtained: extraction efficiency
reduced rapidly to O at o 1. the pH experiments were conducted at a
coneentration level exhibited »nly by the radioisotope (162 picograms/liter).
Secondly, the effect at initial cadmium concentration on the extraction
efficiency was determined in 1he range of 1 4o 500 ug/l. Extraction ef-
Tlclencies were carried out at a oH of 2.8 using 2 ml. of a 2% APDC /MIRK
solution per liter. Efficiencies were in excesss of 99.5% at 1 and 10 ppb.
At 50 ppb, the efficiency had dropped to 85% and at 500 ppb, 6.5%. Thirdly,
effect of AFDC concentration was investigated and shown to have a marked
influence on the extraction of 1C%g. at 1 ppb, use of a 2% APDC solution
effected an extraction =f 99.5%: a 0.72% APDC solution extracted L3% while
0.02 and 0.003% APDC solulions resulted in extracticns of 1.4 and 0.2%,
respectively.

These data clearly point ocut the need for standardization of the
technique for extraction of cadmium fron agueous systems. The effect of
PH was negligible for most cormon operating ranges, but initial cadmium
concentration is extremely important. Any initial concentration in excess
of 10 ppb results in depressed recoveries. Recoveries of less than one-half
of the origzinal can be expected for initial concentrations which excead 100
Ppb. The chelated concentration affects the extraction efficiency, but the
effect varies with a third rarameter concentraticn,
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Changes in Weter Guality oif frechwater Stresms es influenced by Land
lce Patter

1. To determine
oft the rivers in

2. B ddelernir. ; parametereg in streams
believed to bz in areas where eulrophication
may be increasin..

2 To> determine ¢h ficods on the biological parameters

meagured.

and

Bi-montidy
Tor the paramsizrs v
Chlorides, Hardues:,
sites mere chogzn *
mixec farming, huar
effects
Lo,

measurarents began in Cetober, 1973

) pil, Tomperature, T urb_dlty,

, The ten siaticns or sampling
nder Corest {5), areas in pastures,
one representing the aceumulative

1, 600 1%,

Preliminasy
parameters measured

general decrease in the value of all
the higher to lower -levations with

the exceptiorn of DO g Free carbon dioxide and COD
values are normal for natural surface waters a3 are the pH values which

range between 6.5 und 7.5. BN caluen rang
gsuppcrted by zero nr
date indicates no 7.1

e from very low to zero and are
at 211 stalions. Flankton sampling to
in the streams,

This ectudy will be conbtinusd through the dry season and is scheduled
to terminate in Anril, Y974,

Environmental Study for Siting of a

This year the Fusrto Rico Nueles: Center was contracted by the Puerto
Rico Water Resources Authority ftc ornduct an ervirvonmental study for the
siting of a Nuclear Plant on 4 and's north coast, The Terrestrial
Eeology Program under the Division - aultecolory wae assigned the respon-
sibility fur that thase of the ztudy - sertalining (o terrestrial commwmities.
In addition the Program s worovid 1ai1bL,QLcal studies for the area.

Five of the Program's personnel participating nart time on the terrestria
stucies. The i ; A at the level of 81,000 for the
one year study compieticn in September, 197L,

e e

An up-dated oropusal for un oomprehensive investi gation at the
watershed lavel ig ir i suviitted for consideration.
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Expected Results v -2as

The investisationg suheduled for completion and reporting during
FY-1975 have bheen disoucees wider Zechicn 15, OF the reszarch activities
reporied, three will resuit in M.9. fegrees and one in a Dh.D.

Uontinued emphasis will be placed upon the updating of all census
data on tre radiation sentear in rreparation for the 1975 census. This
final repcvt w21l - | oI ten years of ecological succession

population dymamics rurest will be extendeqd through FY-1975.

Also scheduled for completion is an investigation on the chemistry of
rain by 0.91 inch fractions. Work will continue on measurement of trace
elements in *the sitreams flowirg through the forest.

Hew regearch - be initigted during FY-1975 include an investigation
on the leaching ¢f elemerts from the forest scils under varying rainfall
conditions. znd the determination o+ the water holding capacities and
desorpticn curves for the scils f the rain forest area, These two areas
will provide a valuasble input to existing data available cn the hydrologic
and minera’ cycles.

New laboraory fazilities for the El Verde Station should be
completed and will improved research potential of the Program.

Expected Results FY-1376

The Program will vroeeed with developing investigations that are
directed at uiderstanding the foresgt system ag a major unit that influences
the hydrology and mireral cyeling of a watershed. Funding of the Watershed
Preposal for FY-1976 would have an impact on the Program would modify the
efforts in some areas. of course, current efforts are subjected to modi-
fication depending uron Y-1975 regults and the need of the Atomic Fnergy
Commission.
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189 No.

2.

Deseription & Explanation o Materials, Supplies and Other Services:

B

Materials & Supplies

Glassware, Heagents,
Mases & Try Ice

Chemistry - Atomic Absorption

Office Suppliles
Books % Reprinils
Miszcellaneous
Sub-Total

Other Servizes

Vehicles
Shop Services

Communicaticn & Transportation

Computer Services

Printing & Duplication

Consultant Services
Power - Rio Piedias
Miscellaneous

Sub-Total
El Verde Operations

Building & “rounds
Instrumentation
Commumicaiions
Emerzency Power Plant
Gas & 04l

Flectrical Revairs
Trall Mainbenanco
Migcellaneous

El Verde - I'ower

Sub-Total

Total

evc.

FY 197! FY-1975 FY-1976
$ 2,000 $ 2,000 $ 2,000
200 200 200
1,300 1,500 3, 000
200 200 800
200 300 500
200 300 500

L, 500 lt, 500 7, 000
2, 000 2, 000 3, 000

7CC 700 -
o Loo -

600 GO0 500

S 08 3, 100 3,100
6, 0O 6, 800 6,600
500 600 1,845

- 234 500
100 100 Loo

o " 250
200 200 200

- % 200
200 300 =T
200 200 2015

2, 000 3, 000 3,500
3, 200 4,634 7,295
$1L, 500 $15, 500 $21,166
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Aol

1k,

Gas Chromatograph

Hygrothermographs

Evaporatisn Pans

Event Reconrder

Rain Gauges

Pyronometer

Aerotron Radio

Water distiliaticn
unit

Microscope
PH Neter

Analytical
Balance

Centrifuss

Towers

COn Analyzer

Zguipment

Required for continuing effort on Studies of
Growth Tnhibitors,

These instruments are needed for measurements of
Pemperature znd Yumidity in areas in accessible
o wresent monitoring capability.

*n forest and nonforested areas in current

Reguired to determine ccmparative evaporative los-
e
ical studies.

L portable unit to permit measurements of isolated
areas where rate finections are required.

Aeplacement for current gauges to maintain rain-
"all records,

Feplacement for current unit which is over 10

Requirad o improve, update and maintain com-
mnications netween Ric Pf~dras and T1 Verde.

Provide distilled water for new laboratory facili-
ties at El Verde.

Required ag part of new laboratory facilities at
El Verde,

Required for soils analysis,

2ue to new laboratory facilities at £l Verde, an
analytical balance is required for experimental
work.

nequired for scils analysig,

Replacement for present instrument tower which has
been damaged by wind. Second lightweight tower to

be used in forest research,

To be used for research on the effect of pollutants
and respiratiocnof seil micro-organisms.

~13-
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ADDITIONAL FEXPLANATION FOR OPERATING COST
UNIVERSITY OF PUERTO RICO - CONTRACT NO. AT-(40-1)-1833
BUDGET FY-1976

Oalk Ridee Operations Schedule 189 No.

}. Project Title: Effect of Radiation on Toxoplasma gondii
Host-parasite Interactions

2. Security Classification of Project: Unclassified

3. Budget Activity No.: »v

4. Date Prepared: March 1974

5. Method of Reporting: PRNC Annual Report

6. Working Location: PRNC-Rio Piedras, P. R.

7. Person in Charge: *Dr. Ramiro Martinez-Silva

8. Project Term: Yew Project

9. Man Years: FY 1975 FY 1976
a, Scientific 1.00 1.00
b. Cthers 1.00 1.00
2.00 2.00

10. Operating Costs: (Eight‘Tg%gh budget)

a. Direct salaries, including fringe $20,500 531,400
benefits, Christmas bonus, and
unassigned funds

b. Overhead Costs 15,400 23,600
c. Travel - 500
d. Materials & Supplies /00 2,000

e. Other Services ———— 3,200

Total 536,700 560, 700

Equipment Obligations - --

11. Dates and Titles of Publications: None

*Dr. Ramiro Martfnez-Silva has been on administrative leave from July 10,
1971 to November 15, 1972 in the NIH, Bethesda, Md,, to complete the try-
panosomiasis project. Dr, Martfinez has been on special mission with the
Pan American Health Organization, in Caracas, Venezuela, from November 15,
1972 to October 31, 1974, The Trypanosoma project terminated on November

30, 1972, The project on toxoplasmosis will be started when Doctor
Martinez-Silva returns, November 1974,




Toxoplasma gondii Project Schedule 189 No.

12. Purpose, Need, and Scope:

The objective of this project is to invegtigate a protozoan
parasite, which is a zoonosis of practically all warm blooded and
some cold blooded vertebrates, The causal agent (Toxoplasma gondii)
has been known for a long time, but its taxonomic identity was
determined only recently to be an epithelial, eoccidial parasite of
the cat intestine with oro-fecal transmission. In other mammals and
birds it invades all body cells as a diffuse infection and may
occur in one-third of the human population of the world. Infections
during pregnancy may be transmitted to the fetus and lead to hydro-
cephalus and chorioretinitis in infancy. Imn animals, it is an
important cause of abertion, incheep in England and ¥New Zealand, and
in swine in Tapan. Although man usually suppresses the infection,
disease znd deaths do ocecur, Persons receiving immunosuppressive
therapy with raaiation and drugs may experience exacerbations of the
infection, indicating the parasite is only suppressed by the hosts'
resistance. In the present proposal investigaticns will be made as
follows: 1) Radiation on Toxoplasma gondii, 2) Radiation effects
on host-parasite interactions, 3) Radiation effects on the ummasking
of potential infective particles of Toxoplasma gondii, and 4) Radia-
tion elfects on induction of interflferon by Toxoplasma gondii.

13. Relationship tv Other Projects:

This project should interrelate with other disciplines in the
Division. 7The immunology and biochemistry of the inf .ction could
be major areas of investigation and the possibility of interferon
production is a feature of virus infections. CQOccurrence of exacer-
bations of toxoplasmosis in cancer patients under radiation links
the project with the Radiotherapv and Cancer Division, Investiga-
tions forescen should be of special interest for medical and academic
courses in parasitology. Training opportunities afforded should have
an international appeal.

14. Technical Progress in ¥Y=1975:

First reports of progress should be available for the Annual
Report prepared in 1976.

15, Expected Results in FY 1976 and 1977:

The progression of investigations on toxoplasmosis will be
determined during FY 1975, Certainly, the initial study will include
the «ffects of radiation on the agent, T. gondii, includiag altera-
tions in morphology, mobility, viability, infectivity, virulence, and
antigenicity. No less demanding of attention is the effect of radia-
tion on the host-parasite relationship in light of exacerbation of
latent or low grade infections in cancer patients receiving radiation
therapy. Moreover, congenital transmission will motivate hasic studies
on the effect of radiation against chronic and acute infections in
pregnant mice and subsequent manifestations of the infection in the
offspring, The senlor investigator's experience with tissue culture




16.

17,

Toxoplasma gondii Project Schedule 189 No.

and available facilities will prompt early studies on cell-parasite
interactions and effects of radiation synthesis of nucleic acids
and proteins.

Description and Explanation of Major Materials, Supplies, and Other
Services:

The contractor will provide adequate office and laboratory faci-
lities. Suitable sources are available for different types of irra-
diation, as well as equipment for handling and measuring radioisoto-
plc activities. A liquid scintillator for counting both beta and
gamma and mouse colony will afford in vitro and in vivo investiga-
tions. New animal quarters and isolation laboratories for maintain-
ing the infection in the natural host, the cat, are present. Pri-
mate facilities are available.

Other Services FY 1976
Purchase of mice $2,000
Power 1,000

Total $3,200

Description of Capital Equipment by Fiscal Year:

None
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RENEWAL PROPQSAL
UNIVERSITY OF PUERTO RICO
PUERTO RICO NUCLEAR CENTER - CONTRACT NO. AT-(40-1)-1833
BUDGET - FY 1976

Oak Ridge Operations

1. Project Title: Radiation Activation of Latent Viruses in Wild

Arthropods and Vertebrates

2. Security Classification of Project: Unclassified

3. Budget Activity No.: RX 03 0L

4., Date Prepared: March 1974

5. Method of Reporting: PRNC Annual Report

6. Working Location: Rfo Piedras, Puerto Rico

7. Person in Charge: Julio I. Colén, Ph. D.

8. Project Term: Continuing effort

9. Man Years:

FY-1974 FY-1975
a. Scientific 1.02 1.16
b. Other Direct 1.89 1.25
Total 2.91 2.16
10. Operating Costs:
a. Direct salaries, imoluding $18,500 $20,600
fringe benefits and Christmas
bonus (See Apendix A)
b. Overhead Costs 13,900 15,400
¢, Travel 600 500
d. Materials and Supplies 2,800 3,000
e. Other Services (See
Item 17) 8,200 7,500
Total $44.,000 $47,000
Equipment $4,000 $17,000

FY-1976

2.16
1.25
3.41

530,300

22,500

1,000

5,500

$3,000




Virus Project Schedule 180 No. 37

11. Dates, Titles and Publications

Effect of Gamma Radiation on Viral Infections:
Reactivation of Coxsackie Virus Tvpe Al0 and
Sindbis Virus AR-86 from Immune Animals,
Cualberto L. Borrero Aldahondo, Masters Degree
Thesis, University of Puerto Rico School of
Medicine, 1973,

12, Purpose, Need and Scope

This project explores the effect of irradiation on virus latency in

arthropods and wild and domestic mammals. It also pursues the effect

of radiation on the immune response of mammals to viral antigems. Toni-

zing radiation enters the research in three ways:

a. he determination of radiosensitivity of arthropods and other
animals in a natural Puerto Rican habitat,

b. The use of such radiation in a viral activation role and as a
probe to explore some aspects of bieclogical variability of viral
replication and antibody formation against viruses.

¢. The use of radioisotopes as a tool in the analysis of viral
replication and nucleic acid synthesis.

This project emphasizes the mechanisms by which inapparent viral
infections (Coxsackie, Sindbis, Herpes Simplex) can be activated by
radiation in rodents arthropods and tissue culture. Many parameters
are under study: Isolation of viruses, viral replication, antibody
productieon, infectious nucleic acid isolation, interferon formation
and others,

Our project will demonstrate the impertance of viral latency in
relation to the epidemiolozy of viral diseases: dangers in changing
the virus populations in nature by radiation: immunogenesis and last-
ing immunity, etc.

13. Relationship With Other Projects

Through an agreement of several vears standing between the UPR-
Schoeol of Medicine and the Puerte Rico Nuclear Center, Dr. Julio 1.
Colén was given 2 joint appointment, by which PRNC agreed te provide
space, support and irradiation facilities for his viral research and
that of his graduate students. We cooperate with the NCDC Tropical
Disease Laboratory, San Juan on aspects of denge fever epidemiology.

14. Technical Progress in FY 1974

Effect of Radiation on Viral Infections.

Gamma radiation activated Coxsackie virus in immune animals which
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at the time of irradiation had no active virus in blood, feces, and
several organs tested. 1In similar experiments in laboratory rats,
but using Sindbis virus, no active Sindbis virus could be recovered
from these animals when irradiated with lethal or sublethal doses of
gamma radiation but the evidence accumulated suggested that the virus
was reactivated thus causing an anamnestic response. The data suggested
that the virus remains active in the immune animals and multiplies in
such a way to stimulate the formation of antibodies. The antibody
titer will remain constant as long as there is active virus in the
tissue of the animal: when the virus disappears the antibody also
disappears.

Etfect of Whole Body Gamma Irradiation on Passively Immunized Mice.

Our data indicated that the passively transferred antibodies
disappear faster in irradiated animals than in un-irradiated controls.
No active virus was isolated from the animals that were passively
imreunized. Previous work has shown that radiation activates virus in
mice actively immunized with live Coxsackie virus. A comparative study
of actively and passively immunized mice showed that after irradiation
virus is found only in the actively immunized mice.

Effects of Radiation on Sindbis Virus Replication in L, Cells

The replication of Sindbis virus in L, Cells (Clone 929) has been
studied. S$indbis virus multiplies rapidly in Zu-hours old monolayers,
vielding a maximum Supernatant titer at 8 hours after infection with
the destruction of the cells after 24-28 hours. No significant dif-
ference was detected in growth curve of the virus when it was grown
in irradiated cells,

Effect of Radiation at Various Times After Various Infection

Twenty-four L, Cells ronolayers formed in 250 ml Falcon tissue
botties seeded with 8 x 10 cells/ml (10 M1/Bottle) were infected with
a multiplicity of infection equal to one. The monolayers were irradia-
ted with 700 rads at 0, 1, 3 and 5 hours after infection. The viral
activity present in the cell media was titrated in chick fibroblast
monolayers., When the infected monolayers were irradiated one hour
after infection a viral burst was observed five hours later, which
exceeded the irradiated control by 5 fold. When the infected monolayer
was irradiated three hours after infection the titer five hours later
was reduced to one gixth that of the non-irradiated control, Irradia-
tion done at 5 hours after infection had no effect on the titer of the
viral supernatant when compared with the non-irradiated control, The
results indicated that radiation of cells with 700 rads impased one or
three hours after infection affects the normal replication cycle of
Sindbis virus. Studieg are being conducted in order to determine
how radiation given at a specific time alters the replication of the
virus in L. Cells,
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Replication of $indbis Virus in L. Cells.

Sindbis virus infections of 24-hour old monolavers resulted in
rapid multiplication and complete lysis of the monolayers within
24-48 hours. Sindbis virus infection of L, Cells monolayers allowed
to grow to confluence for ten days or more until the cells were packed
and rounded supported virus growth either poorly or not at all,
After infection of these monolavers, the titer of the virus in the cell
medium dropped rapidly for 24 hours. T at this time the monolayers
were trypsinized and a 1:2 split was performed, the virus titer in the
medium of these cells increased for 24 hours and then began to fall
until no virus was finally detected. This took some 9 days and by this
time the cells had again formed confluent packed monolayers.

Effect of Trypsinization on Sindbis Virus,

Several experiments were performed in which packed cells were infec-
ted and trypsinized at intervals of several davs. FEach time the mono-
layers were trypsinized, virus was released to the medium yet the cells
did not lose their integrity, since no lysis was ncoted and confluent
packed monolayers were formed in 10 days. The maximum virus titer
reached after trypsinization decreased with successive trypsinizations,
which suggested that more and more virus resistant cells were forming
the monolavers,

Effect of Radiation on Sindbis Virus Titer in Packed L. Cells
Monolavers .

Several experiments were performed using radiation to determine if
the virus was in a latent state in the packed monolayer, The production
of Sindbis virus in packed cells was followed for ten days. At this
time one group of monolayers were trypsinized while other groups were
irradiated with 700 rads. Irradiation of the monolavers did not increase
the viral titer while trypsinization did so by several logs.

Susceptibility of Individual Cells of the Packed Monolavyers to
Viral Infection.

In order to determine the susceptibility of individual packed cells
to virus infection, an experiment using the "infective centers" technique
was performed. The idea was to determine if the packed cells were com-
posed of two types of cells, one susceptible and another type resistant
to the viral infection. The packed monolayers were infected and 30
minutes thereafter, they were washed and trypsinized, and the cells were
counted. They were then diluted and plated on chick fibroblast monco-
layers just as if they were virus. The results indicated that 100% of
the cells were susceptible to the viral infection. The susceptibility
of packed cells that were infected and put through six cycles of trypsini-
zation and monolaver formation over a period of two months, was also
determined by using the infective centers techniaue. The results indi-
cated that only 8% of the cells were susceptible to the viral infection.
Such suggested 'that the packed monolayers formed in the presence of virus
were composed primarily of a resistant cell line.

4
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On the basis of these studies, we have developed means of
maintaining a virus for several months merely by Lrypsinizing
cell monolavers periodically,

Expected Results FY 1975

A broad program with the dengue virus will be started in which
the virus-host relationship will be studied in the following systems :

1. Dengue virus in the immune animalg,

The presence of dengue virus will be demonstrated in mice and
rats previously immunized with the virus, Gamma radiation, nucleic

acid hybridization and fmmunofluorescence will be techniques that
will be utilized,

2. Dengue virus in mosquitos,

A program for the vigilance of the vector mosquite, Aedes
degypti,in Puerto Rico has been started by a collaboration of
the health department, federal laboratories of public health in
San Juan, and the laboratory of entomology at Mayaguez, Mosqui-
tos will be made available to do basic stud’:s in viral isolation
and replication using the techniques of radiation, hybrization,
and immunofluorescence.

3. Mammalian and arthropod tissue culture will be utilized in the
study of the replication and possible latency of dengue virus.

Expected Results FY 1976

Significance and practical applications of our findings on
Coxsackie and Sindbis viruses will be applied to the dengue wvirus

host relationship. The pProgram as shown above will extend into
1976,
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17. Description and Explanation of Major Materials, Supplies, and

Services:

Other Services FY 1974 FY 1975 FY 1975
Power 51,500 $1,500 $2,500
Vehicle 500G -- 1,000
Purchase of mice 6,000 6,000 6,000
Miscellaneous 200 -- ~ 1,000

Total $8,200 $7,500 $10,500

18. Description of Capital Equipment by Fiscal Year:

1975:

1576

Electric Autoclave:

At the present time, the central steam source in the ani-
mal quarters is heavily contaninated with volatiles and cor-
rusion materials. Due to this reason, it is not possible to
sterilize cleaned glassware. The required autoclave generates
its own steam,

Gamma Source:

The gamma source is required for general research purposes
within various study projects of this Divisionr. The use of
this convenient source of radiation will greatly increase the
efficiency of investigations in progress during this year.

Studies on the reactivation of viruseg from animals
require a source that ig safe and could be used by any person
at any time. The present set-up for radiation requires the
presence of other people not controlled by our Division,
Therefore, experiments can be programmed at the convenience
of the Division,

Water Still:

Ts necessary in order to provide enough distilled water
for the expanded activities in the new animal quarters,

Computer:

This equipment is required in order to increase efficiency
of both evaluation and summarization of data.
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Description

Electric Autoclave
Water Still

Computer

> Gamma Source

Total

Schedule 189 No.

37

Appendix B
COST OF EQUIPMENT

FY-1975

2,000

15,000

—

$17,000

Total to be prorated between Fasciola and Virus projects.

FY-1976

$1,700

1,300

$3,000
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