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PEACEFUL USES oF NUCLEAR ENERGY IN THE ENGLISH-SPEAKING CARIBBEAN

', N PREFAGE

This study was comm1ss1oned by the~Econom1c Comm1351on for Latln
America and the Caribbean (ECLAC) as”a ‘contribution to a meeting of .. .
experts from ‘Latin America and ‘the: Caribbean which is to be held in . - -
ECLAC headquarters during April ¥5-28,1985, - The report from this meetlng
will be submitted to the Conference Preparatory Committee of the United . = .
Nations Conference for the Promotion of International Co-operation in the
Peaceful Uses of Nuclear Energy whlch is scheduled for 1986. :

TERMS OF REFERENQE

The study deals Wlth the Engllgh-apeaklnv Carlhbéan countrles
according to the follow1ng asslgnment. A o N
1. Obtaln the neceESary 1nformatlon and demand ‘for "and -on ‘Issues -
related to nuclear energy for Bellze, Jamaica, “St. tucia, and Trinidad
and Tobago,;r Dt e k , )
- PR 1

2. Prepare a report of approxlmately 20 pages cover1ng

(a) potentlal neegs,pnﬁ%prlorltleslin peaceful non—power uses of
nuclear. energy, e :

(b) present and potentlal problems 1n“the development of nuclear
energy, S ; S

e et e

(c) the scope for sub-reglonal,'raglonal an& intérngtional 7
co-operation in the area of peaceful uses of nuclear energye.

The theme of nucleéar power is excludeﬂ from-the—terms of reference
of the Carlbbean paper.‘-a”_- .. .

a INTRODUCTION

" DPhe Engllsh-speaking Carlbbean -sub~-region consasts‘of those former .
terrltories'of Great Britain whose shores are washed by:the Caribbean - wn
seaa. Thie cdfers ‘" wide-spread areg starting. from Belize -in Central -America,
across and slxghtly nofth to the Bahamas Islands, southwards to Jama:ca,
edstwards to ‘theé British Virgin Islands, then southwards-through a chain
of very beautiful islands, including Barbados, which ends with Trinidad
Just off the ‘coast of Venezuela. and wlth a further exten31on. to the
malnland tefritory df Guyana.f”‘*“- T : . ‘

/The distances
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The distances between farther points within the sub-region are quite
large: Belize c¢ity is separated from Nassay in the Bahamas by some
1 500 kilometres and from Trinidad by over 3 000 kilometres. Despite this
there is a commonality which goes bteyond g mere use of the same language.
Some expressions of this include :the regional University of the West Indies
(UWI), which serves all the- ‘territories, .the Caribbean Common Market .
(CARICOM), the Caribbean Development Bank, and not least the West Indies
cricket team. : » : :

Although many of the territories are densely populated, the
population of the sub-region is, in absolute terms, quite small. The
total population is only some 5.4 million persons and Jamaica, with just
over two million contains some forty pércént of this number. With the
oxception of Trinidad, which has petroleum, agriculture and tourism
dominate the Caribbean economies. These’ countrles have been ‘buffeted by
the 0il shocks and have felt keenly the "harsh winda“of the- present world’
economic recession, .They are all elther 1n real dlfflculty, or in &
state of cautious watchfulness. "'__T

In this sltuatlon all efforts are being made tc increase eff1c1ency--“
and product1v1ty, and to find new productl and markets. Perhaps never
before in the history of this region has there been’ ‘gréater need to apply
the avallable Science. u.{.m. wpunua.ug,g |..0 tuc ECGE\‘JE].U beneflt cf itB people.
No doubt this is something the Caribbean share with 411" the countries of .
Latin America, and is also a situation which could present an opportuaity
to demonstrate the benefits of nuclear science and technology.

Table 1 summarizes some basic information on the region. This

involved.

' Nuclear Sc1ence and Technology

AR

The most conspicuous, and 1mportant, appllcatlcn of nuclear

science and technology is of course its use as a source of energy. " The
growth of nuclear energy for electri¢ity generation has bteen slower than
was initially expected, but although there are still problems associated
with the technology, nuclear energy already provides a considerable share
of the electricity generating capacity in many countries. This proportion.
is likely to increase since, despite the present oil glut, petroleum is a, .
wasting asset and none of the alternative energy sources proposed appears
to be comparable to nuclear in terms of size of output and energy den51ty.;,

The generally held view seems to be. that it would . be unreallstlc for
a region like the Caribbean to consider nuclear power plants over the
next decade. The reasons which lead to this conclusion include the
following:

/Table 1-
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Table 1

- sonm_ BASIC. mronmnon ON’ SELECTED
CARIBBEAN TERRITORIES B

Area
Territory. - -'1: - 07w (eq.km Yoo oo Population

Anguilla - R E 91 .. .....8500
Antlgua/Barbuda SRR T."a: hhzu,w;n;: wen .. .. 76 QOO0
Bahamas rE T nes e 1RG22 e e 249 000
Barbados R e L A3are . e, 250,500
Belize a/ 22 958 © 160 000
British Virgin- Islands e 20 s e s 18,300,
Cayman Islands & & -~ tﬁn..ﬁr;:;c260« winen e 1 on. 16 700,
“Dominica - C s b e e 79Queiesen oo .. - 83,000
Grenada & poesessloné Gre Ceineine 689y sar o . 109 .200
. Guyana 8/ - : aetnen 1a21% 990 L .. .. 8507 000
Jamaica SR LT et 10,990 e 2160 900"- v
‘Momtserrat -t - liina® a4 LiRO2a s e oo <120 /500"
St.Kitts/Nevis 269 T TR 0007
"B8t. Lucia R I e T TR 11 1 - ORI thzfﬁ,;lah 000
8t vlncent T . -_;"_-._" sdY s iy }89 B N 100. OOO L
- ‘Trinidad/Tobago ™ 7. 8 .~ e 5 128:: - .. ~1128 600 .

" Turks/Caicos IslanﬁsiA pE r*=V 94“30“ R =.-1;'7f3héreee_f
SARIEE AT iﬁ*tifﬂf~f!—5h399 546 .

I T Sy B
v, E’/ Halnlapd“-‘terr_‘itory. -, A"_- : .-“ IOERMINS | RS
i . i e B ¥ g, -
- s - i e Lt : . +
H r‘ . .

1. The relatively small~sca1e_e£ baeeqlpad electricity requirements.

‘2. ‘The very high capital costs of nuclear electricity plants,
ooupled wlth forelgn exchange shortages and hlgh 1nterest rates. '
B 3. The very slgnlflcant manpower requlrements of hxgh Eechnlcal
~“qual1ty reqnlred to conatruct, 0perate, malntaxn, and regulate a- nuclear
q;power plant. .- | ,.J,_ﬁmm“:'_ . P ,_ Loy

' Yet. there 1e also the view thaf there may be pOBBlbllItles for
nuclear power in the future, perhaps twenty years on, and that certain
types of developments of peaceful uses of nuclear science and technology
could help to develop manpower base, experience, and some of the skills
which would then be necessary. Of more immediate importance is the

/realization,
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reglization, by some members of the community, that nuclear science can
make major contributions in areas other than energy generation. The
contributions to medicine, agriculture, envirommental studies, insect
control, mineral exploration, geology and geochemistry, education,
industry, science and technology, nutrition, etc., can be very 1mportant,
but this appreciation is not yet suff1c1ent1y widespread.

_ﬂ;Thia report is not concerned with the present,or even future
prospects of nuclear power; indeed as outiined above these presently’
appear to be rather slight. It deals instead with the applications
of nuclear science and technology already being carried out, or presently
being planned, in a number of English~speaking Caribbean territories
and indicates possible develoPments and the scope for co-operatlon.

Due_to ‘the limited time available, this study'could‘not attempt a
full overview of the entire sub-region, nor indeed provide even an
in-depth survey of the countries selected, but it should nevertheless
present a picture which can be discussed and even’ extrapolated with fair
confidence. As menticned in the first section the countries origlnally
selected for the study were Bellze, Jamaica, St. Lucia and Trinidad and
Tobago, but: ‘it soon became obV1ous that Barbados should be 1ncluded.

The appllcatlona of non-medlcal uses of nuclear energy'have not
been numerous in most of the ¢ountries in the sub-reglon, but these are
expected to increase manyfold in the not too dlstant future slnce the
Centre for Nuclear Sciences on the Mona Campus “o6f UWI will be supporting
research on the sub-reglonal scale.

On the other hand, the medlcal appllcatlons of nuclear energy, the
uses of x- and gamma radiation, and of even a limited number of isotopes
are so obvious, that in most countries in the Caribbean, it is the medical
profession that has long spearheaded the applications of nuclear energy.

PRESENT APPLICATIONS

Thls sectlon deals w1th the present or recently past work whlch
has been carried out in selected Caribbean countries in non-energy
peacéful uses 6f. nuclear science.and technology.. -The time available for
this study was:too brief to ensure that all relevant information. hag been
captured, but because the volume of work done to date is not too. extenslve
and the sources of information are very knowledgeable, this survey will at
the very least give a good overall indication of the present.position and
future prospects. The information is presented on an area. by area basis
for' each country. - ' o i e :

/BARBADOS
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BARBADOS
- Barbados is a densely populated country with a good educatlonal
syatem, ‘and good public -services and facilities. The main sources of
income are tourism and sugar product1on.‘ Although the avallable 1land
areag are small some efforts are being made at agricultural diversification.

Barbados hosts g~ Gampus of the University of the West Indles 1nclud1ng a
sectlon of its Faculty of Medical Sciences,.. o iiee E

Judging from the number of reports of work published in the
international journale, Barbados does not approach gither Jamaica or
Trinidad in the amount of research belng conducted. But there is a good
deal of interest there in,developments;in science and technology, . and
there is growing support for "relevant research". fj_{ .

oy

As far as could be ascertained, outside of the fleld of medlclne,
there is very probably no work at all which involves peaceful iises of
nuclear:energy being done .in. Barbadog. -There.are no facllrtles being
used for-research,-and no work. 1nvolv1ng the use., of 1eotopes or radiation
is"in progress: or belng planned for. the fqreaseable future in science in
the Ministry of Agricultyre, the. Sugar Research Unit, the Bellalrs Research
Unit for studies in marine biology or even within the Unlver51ty canpus.
This is a somewhat surprising situation but is probably only. temporary.

Urooe o, ﬂ':T”fLﬁﬂﬁ Medlcal appllcatlons

Apparently the only user of nuclear techn;ques is the medlcal
profegsion. In this case the facilities are ‘quite good and there are a
reasonable number of qualified staff. Both diagnostic and therapeutic
services are provided at the Queen ‘Elizibeth Hospital in the capital
city, Bridgetown. . This hospital also prov1des services by arrangement
for the’ smaller terrltorles 1n the'sub-regldh. Grwres L

1. Dlagnoatlc Uses of X-Raz_ f

The x-ray diagnostic department houses s8ix rooma fltted w1th
X~-ray equlpment. The equlpment was supplled by a variety of firms and
appears to serve the needa ‘well, Therd ‘are’so many other medical -
appllcatlons 1n BarbadOs'ﬁhat there 13 no nee& to ﬂwell on thls ones

R P AT

2e Nuclear Medlclne and Radlatlon Therapy

‘The work in nuclear medicine is not extensive but the unit Operates
two gamma counters and a Picker gamma scanner. The main isotopes used
are tellurium (from amolybdenum cow) and iodine-131. Some phosphorous-32

is used for bone therapy.

/A variety
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A variety of radiation sources is‘available for radiation therapy.
These are:

1. A General Electric 100 kev unit for :superficial x-ray therapy.
2+ A strontium-90 beta-plaque for eye treatments.
3. An Amersham Caesium-137 Afterloading system for 1ntracav1tory
" ‘applications using dlsposable plastlc appllcatora. ‘
4, A cobalt-60 Theratron unit. :
5. A variety of radium needles w1th radlum contenta varylng from
. 05'1;050138.1» KRR i . : i ‘

‘The department 15 staffed ds follows.

1l Radlotheraplst/Oneologist at the Consultant level
1 Senior Registrar 7
1 Medical’ Reglstrarr“ R
2 A531stants ' N
 This department provides radiotherapy for Barbados malnly, but also
‘accepts patients by arrangement from {hesmaller -islands and Guysna. In
addition to its“service programmes it carrles outbt & teachlng programme for
Wl medlcal students by way of a flve week clerkshlp.

D Radiation safety

The attentlon to radlatlen.sefetguehd-}e}eonnel monitoring are quite
impresgsive,” A film badge service ' is used and arrangements are. now bezng
made to carry ‘out the entlre process locally.-:uAe : :

. BELIZE

Belize .is a mainland territory with a strong Spanish inflience.’
Although English is the official language, some 40% of the population
speaks Spanish. Its economy is heavily dependent on the export of sugar’
and timber, but the manufacturlng 1ndustr1es are growlng in 51ze and
importance.. i :

Bellze doee not have a Campus of the Unlverslty of the West Indies.
However there is a University Centre with a small staff which carries out
a number of programmes and maintains close contact with the University.
There is a College of Arts, Science and Technology for the technician
level training and there is a branch of the Caribbean Agrxcultural Research
and DeveloPment Inntltute (GARDI)- '

/Medical Applications
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Medlcal apgllcatlons

There are no: rad1otherapy unlts 1n.Be11ze and no present plans to -
develop one. Patients requiring rad1at10n treatment are sent to a
hospital in Merida, Mexico. . . SR L e ‘

There are about eight x~ray units for routine x-ray work: chest,
abdomen, upper and lower gastrosintestinaletract andpin;:avenous
pyleograms. Two units are in.Belize City: and-one in each of the other
districts. The staff appear to be well trained but the equlpment is
outdated. The programme is now belng eValuated with a view to possible
expansion. e SR -

o Agr1cu1ture

Pellze is a country wlth great agrlcultural potential. In addition
to sugszr cane, there are for example, rice, corn and poya beans. Fertilizer
trials are being carried cut. It is expected that the tempo will increase
shortly., CARDI employs three scientists in Belize and are quite active
there. B e e o o
There are, however, no applzcat1ons of 1sotopes, but there is .
interest in possible studies on soil nutrlents,partlcularly phosphorous,u
The Ministry now -has neither facilities nor pexsonnel, -so it was felt
that joint projects, say -with UWI, would be a good starting point. .

cwgn e

ST. LUCIA

As is shown in Table 1 St. Lucia is a“small cOuntry and, as m1ght“
be expected at this time, the applications of nuclear science and
technology would not be extemsive. It was confirméd ‘thit thére have
been very few local appllCatlons of 1sotopes or nuclear techn1ques in
?the past.,“ . LT . . R

‘ Agrlcultural aggllcatlons

The largest research operation in S5t. Lucia is the West Indles
Banana Research Centre (WINBAN). - This. organisation serves Dominica,
Grenada, St. Lucia and St. Vincent. The unit has been and appears to
be maklng substantlal contrlbutlons to agrlculture 1n the Wlndward
Islanda..

BRI

There has been 11tt1e use of 1sotopes 1n agrlculture in St.” Lu01a.
The only reported work was done. as" long ago as 1964 Thzs was a study
.using phosphorous-32 to determlne.

/{a) The
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(a) The extent of root spread of ¢rop bananas (they found this to
be about 7 feet) and the best 1ocations at which to apply fertilizers.

(b) The physiological relatlonshlps between the “follower" and
"mother" plant.

' There are now plans to make use of the non-radioactive nitrogen-15
in tracer studies to determxne plant uptake of nitrogen and the fate of
applied fertilizers. '

Applications in Medicine

The only "nuclear applications" consist of the usual use of x-rays.
There zve two hospitals both possegsing x-ray diagnostic facilities.

1. The Victoris Hospital

. This Government operated hospital has no facilities for work with
1sotopes or radiation., It operates a single General Electric diagnostic
unit which is now seven years old. Maintenance is done by local staff;
or as necessary, by a service facility from Puerto Rico. Personnel
monitoring is done by a film bgdge service. The films are read overseas
and the results returned"the turnaround time is longer than desired. No
areamonltorlng is carrled out ag thls is not ¢ongidered: neceesary.

The hospital does not now have the services of a radlologlst. No
local radiologists are available so foreign contract officers have been
appointed in the past- one is expected shortly.

2 St. Judes Hospltal

Thls hospltal is operated by the 51sters of Mllwaukee w1th
financial assistance from the govermment of St. Lucia. Again only medzcal
diagnostic work is carried out; there is no work with isotopes and no
other radiation sources. :The x-ray unit. is a Canadian Picar.

Geop_pspectz

A reconnaissance: scale study was carrled out in 1984 by the
Los Alamos National Laboratory.. Data were obtained on 307 stream sedlment
samples and 55 beach sand samples to identify areas favourable for the
exploration of mineral resources. The samples were analysed for 51
elements. using neutron activation analysis, delayed neutron counting and
x-ray fluorescence techniques. The report and geochemical atlas have
been completed. However, no local was tralned in the use of these nuclear
techniques.

/TRINIDAD AND
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: TRINIDAD AND TOBAGO

‘Trinidad is the most highly. 1ndustrlalized country in the sub-reglon
and is =» producer of petroleum. It has a Campus of the University of the
Vest Indies which includes. the, ‘Faculties of Agrlculture and Englneerlng
of that institution; the headqugrters of the Caribbean Agricultural
Research. and Developmeni Instltute (CARDI), the Caribbean Industrial
Research Institute (GARlRI), and the Caribbean Epidemiological Centre
(CAREC) as well as a number of other scientific and medical departments
and ingtitutions, including the Institute of Marine Affairs. These
contribute to a significant and.steadily growing scientific and
technologlcal capability of impresslve potentlal. There is obvxously
a good deal of infrastructure already in place and, in addition to all
this, there is a remarkable new medlcal and veterlnary complex whlch ’
is close to completion. ‘

1.  The Caribbean Epidemiological Centre (CAREU)V'

The Caribbean Epidemiological Centre was formed in 1975 and took
over the: activities of the Trinidad Virus Laboratory. CAREC was
organlzed mainly to ‘establish and consolidate disease surveillance in
the sub-region and to provide diagnostic. facilities for virology, and
eupportive and referral laboratory serv1ces for bactérlology and
parasltology. ‘ _ hw._.ui L oL,

: CAREC appears to be a well equlpped and excelleht fac111ty. Although
there is equipment and- the” capabllity for radio-1mmunoassays, none are
presently being carried Qut._ ‘In the recent past 1od1ne-125 labelled
antibodies were purchased in kits and used in diagnoslng hepatltls-B- “
This work has been suaspended, though the capabllity remains, by the
more economic enzyme-linked immunosorbent assay (ELISA) tests. -A-.
difficulty was that the scale of the diagnostic kits was so large that
there was considerable wastage of the relatlvely shdrt-llved, ‘ang*
expenplve, iodine labelled antibody. The only presént applmcatlon 6£
isotopes is the use of carbon-lh in survelllance of streptococcal
infections.

CAREC has no difficulty with the Qand11ng of radioisotopes. There
ig-a- qua11f1ed and trained staff accustomed to dealing with very dangerous
biological materials so, the transition to isotopes presents no difficulty.
Personnel radiation. monitoring at CAREG 1s ‘arranged by the Natlonsl L
Radlotherapy Centre.

/2. The
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2. The Caribbean Industrial Research Institute (CARIRI)

ThlB is a non-profit research institute founded in 1970 to aBBlBt
in the development of industry through its research and services. Its
general scope of activities include Chemistry, Economics, Electronics,
Engineering, Food Technology, Materiala Technology, Microbiology and -
Petroleum Testlng.. The Institute is staffed and equipped to carry out
its mission; it is certainly one of the best equipped institutes in the
region. :

Nevartheless. CARIRI has not been maklng much of peaceful uses of
nuclear energy except for work in x-ray fluorescence and dlffractlon.'
One appllcatlon involved the development of an isotope dilution method for
the analysis of sulphur in sour crudes; another is the future use of
carbon~14 as a mechanistic tool in certain fermentation studies. Neither
project has reached the application stage, but CARIRI would be able to
support almost any likely interest which might develop in their
laboratories. :

-

3. The Caribbean Agr icultural Research and Deveiopment Ingtitute

The Garibbean‘Agricultural_Research and Development Institute was
founded in 1975 to contribute to the agriculture of the sub-region. Its
headquarters is located at the St. Augustine Campus of UWI but there
- are; research stations in other territories.. The staff in Trinidad present
a brlght picture of agricultural development and’ act1v1ty, but there has
been little involvement in the uses of isotopes. There iz some 1nterest
but no immediate plans to begin using nuclear technlques.

L, The UWI Facultx of Agriculture

The Faculty of Agrlculture of the Unlveralty of the West Indies 15
located in Trinidad but maintains a number of operations, particularly
involving research and extension work in some of the other territories.
It has some 50 professional level staff and reasonably good facilities
including a field station.

Desplte the wlde range of 1ts actlvlties it has been but little
concerned with peaceful uses of nuclear energy, although it is likely that
these applloatlons will increase in the near future. The interest is
particularly high in the Department of Soil Sciences which has used
isotopes (P-32 and 8-35) in the past for plant nutrition studies. Their
recent work involves nitrogen uptake studies with nigrogen-l5, and they
would also be interested in studies on soil microstructure using
radietracers. .

/5. The
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Se The Natlonal Radlotherapx_pentre

The Natlenal Radlotherapy Gentre was founded in 1972aw it is the
specialised unit responsible for the therapeutical uses of radiation:
in Trinidad. The unit operates with the following major items of

equipments @ N o Thelioen LUt no e
‘i' -_-{'~.~ P R -e,‘- e ‘1-,; DRI
(a) TWO cobalt 60 therapy unlts, Qheﬁatren medels ?80 and TSO' ’
(Atomic Energy -of Canada-Ltd, ), SERaw b , : -

Eb) A Philips RT305 deep x=ray.units e
(e) ‘A Phlllps RTl@O superf1cia1 x-ray unit-

Sealed caeslum-137 sources are used for the treatment of cerv1eal Cancers.

The staff comprises: one:oncologist  (who is also Head of the
Centre), two medical physists, and five radiographers.. ~The Centre .
presently treats about 700 patients yearly.

The Centre, as expected, is hlghly conscious of radiation
safety and has its complement':of:radiation monitors and secondary-
atandard ionisation equipment;: There-are no off1c1a1 Natlenal guldellnes
but international regulations are followed. SEIUREE : :

6. Immunology Department, Port-of-Spain General Hospital -~ .

This unit" performs the wsual éndocrine. diagnostic.tests. They are
equipped for gamma and’ bet& countlng and general medlcal ralelsotope e
worke ~ .

H '.‘,.- . J,- L - Y ~e L T L . J L

7;~1~ App11catlons in Industry Ve et g
. e e )

There are flve or six. pravate companlea-u31ng radi01sotopes for
non-destructive testing by gamma radiography. - The first of these is.
as much as ten years ¢ld. The isotopes used:sdre iridium-192 of
activities ranging from 25 to 90 Curies and cobalt-60 at about 5 Curies
for materials thicker than 1.1/2 inches. These are :quite potent sources
and it is not surprising that ultrasound is becomlng an attractlve
alternatLVe 1n Trlnldad. ' ' 2 : : ‘ : :

C e

JAMAICA S - H‘

Jamaica is the largest of the Engl1eh-speak1ng Caribbean 1slands.
Its economy is based on-agriculture, bauxite mining and. alumina production,
tourism and a Vvariety of:manufacturers.,- Jamaica has long possessed a quite
active scientific .and 'agricultural research commpunity.. - It hosts the.
oldest campus of the University of the West Indies and the major portion
of the University's medical school. It maintains a major agricultural

/effort through
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effort through the Ministry of Agriculture, the department of Botany at
UWI, a research unit- of the Faculty ‘0¥ Agrlculture, and a sectlon of
GARDI. , :.-fgys“t Cord R :

There has long been interest in the use of isotopes in various
typee of . ;nvestlgatlone, and a considerable number of small projects in
science, technology and® agrlcﬁlture-have been. mOunted in; the past;: but
until recently, except in mediciney"“there has been nd ‘sustained effort.
Now, however, Jamaica is in the’ inique. position among. the English-
speaking Caribbean islands'in that. it has recently opened a Centre for
Nuclear Sciences and therefore the 1nterest in peaceful usee of nuclear
. energy is unusually high. I S

A number of examplee of programmes and act1v1t1es, vhich is by
no means exhaustive, is given: below. . .

Medlcal Appllcatlona

Medical annllcatlone of nuclear methods are . qulte numerous in . -
Jamaica. These include both ‘routine uses and research studies. The
former includes diagnostic applications . and radiotherapy.

Many Government hospitals ‘0perate x-ray diagnostic services. These
are standard facilities, -although of-course they vary in size and
operational capabilities depending on the location. The University
Hogpital of the West Indies operates a reasonably well-equipped
Department of Radiology and has recently taken:delivery of a computerised
Xx-ray tomography unlt. Private hospitals also operate x-ray equipment,
as do many dentists. 'Becausé these facilities are to:be expected as part
of any adequate medical services, and most of them are of. longstandlng
appllcatlon, they are not further treated in thle report. SR : :

2. Isotope Disgnostic Unlts

There are at leaettwo dlagnostlc un1ts in Jamalca whlch make use
of isotopee. A very brief descrlptlon of the work of each follows:

(a) Endocrlne Dlagnostlc Laboratorles Ltd.

Endocrine . Laboratorles Ltd. is a small prlvately owned medzcal
diagnoetlc unit located in a private Kingston Hospital.- The main
isotopes-used are: iodine-125 for measurements of thyroid function;

/chromium=-51
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chromium-51 and cobalt-57 for blood volume studies. The isotopes are
,1mported in kits from the United States of America and Canada. Counting
is carried out with an Abbott auto-gamma counter with an automatlc sample
changer. : e

(b) The DeEartment of Nuclear Medlclne N

The Government of Jamaica also operates a Department of Nuclear
Medicine which is housed in the Univerzity Hospital of the West Indies.
ThlB department is equlpped with a rectilinear Raytheon scanner.

The unit does a little therapeut;c work, concentratlng on the
treatment of thyroid cancers with iodine-131.

(c) Therapeutlc Unlts

The Government of Jamaica operates two radlotherapy unlts, one in
the Kingston Public Hospital in Kingston, the capital.city, the other
at the Cornwall Regional Hogpital .in the west of Jamaica in Montego Bay,
the gecond largest city. -~ The unit in: Klngston appears to be the more
1mportant of the two, and is brlefly described below:

(i) Kingston Publlc Hospltal

The unit at the Kingston Public Hospital is perhaps the oldest
regular user of.radiation.and - 1eotoges in the country. It is a very
active unit, the demands on “which “Beein ‘réadily to  justify expansion, which
is ‘not- apparently possible in the present economic sitwation in Jamaica.

The- equlpment with. which the. unzt operates 1nc1udea the followlng._ .

A General Electrlc x-ray system for the treatment of auperflclal
skin cancers and keloids,, : R

- An Atomic Energy of Canada Ltd. THEEATON-SO,'eqnipned:witﬁf‘
9000 Ci of Co-60 (last changed. in August 1983) for. the treatment
of deep-seated cancers.

= A stront1um-90 source for beta rad1at1on therapy, e.g.'eye
pterygia. : : T o ‘

- Radium needles are also- used for interstitial and intercavitary
therapy.

- There is, of course.“aiéo a‘range'of'anoilliary instrumentation
and devices for dose, measurement and callbratlon, and. radiation

'monltorlng. . .

-

/Patients from
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Patients from other Garibbean 1elands are treated at the Klngston
Publlc Hospital, although this presente a problem since the anit- cannot
cope with even the local demand, There are presently 600 new cases per”
annum reporting for treatment at this unlt. N

Uses of Isotopes in ggrlcﬁ&tural and B1ologlca1 Inxestlﬁﬁtlons

Isotnpes have been uaed £er several yeare nov in research 1n
agrlculture and blology. The work has been very ad hoe- with each .
application belng carried out bY a ‘different group 55 the situation ‘arose.
Some examples sre reported. be%ow.ﬂ_y o S

DAL

1. Mutation studies on Sofg Beahéi

Work was done in the Department of Botany at UWI to.modify -soya
bean:gtocks to obtgin varieties more suited to the Jamaican environment.
Selected .seeds were subjected tp varyigg doeee ‘and dose rates of gamma
radiation.in .an effort to mod;fyﬁthexr genefiq properties. The gamma
irradiation was done in 9ner+n_v?~7.agd the:seede returned- to Jamaica
for field tests. The . genet;c ;;n é;eere foilowe& for a number of . :
generations to identify any permanent benefiéial ‘effects 'which may have
occurred. Favourable results were reported but the work hae not ‘been
followed up.

2. ,” Studles on Posslble In-ect Vectors of Lethal Yellcwlqﬁ
.-_" . } .', e H
IRAE ThlB wag: an ettemptrtg 1ﬂent1fy‘the 1nsect vector reaponalble for

the spread, of . the. VL§$ha% Ygllgw;ng“ d;sease which hag v1rtually wiped
out what was onoe the commercial variety of ‘cocdhut palw in Jamai¢a. - The
rwprkmgpgslsted of feeding exper;gepts with phosp&orqus-}&, coupled with

subsequent trapplng and counting measuremenxs. he”experlments ‘were not

D £
i SIS

euccessful in 1dent1fy1ng the vector.

S R
gﬁ,wg Photosynthetlc Prqduct1v1tx

;~f .
-

There is a joint project between the Un1Versxty of Guelph, Canada,
and the Departments of Botany and Zoology at the UWI on photosynthesls
and productivity in the Hellshire Bay area ‘oft'“the south coaat ‘of Jamaica.
This programme makes use of carbon-l4 uptake studies. The counting will
be: carried.out on liguid scintillation counters already at UwI,

b, . Studles of M01sture Contents of Soils

S Aﬁstqu of plantﬁ eoxl ﬂater reletlonshipe is under way to
examine the efficient use of water under mu1t1-cr09 syetems. The crops
include bananas, gungu peas and sweet potatoes. Water determinations
are done, by use of a neutron probe, at depths ranging from 10 to 60 cm.

/to examine
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to examine the competltlon between the varlous root systems for water.
. and to 1nd1cate-the extent of irrlgatlon needed, :

-

Uees of Isoto es 1n Chemlcal and Blochemical Invest1 ations

ThlB is a falrly wldely used appllcatlon of radiotracers in research
at the Mona Campus of UWI. The users have included the following
university departments: Biochemistry, Botany,.Chemistry, Zoology and the
Tropical Metabolism Research Unit. In much of the research the objective
has been to deduce the biochemical. pathway by which a plant produces
chemical compounds, which may be of interest because of their biological -
activity, In these studies the activity is introduced in some particular
and well characterized form:.and.ifs.subsequent fate ‘determined by chemical
and radiological examination, quula 501nt111at10n countlng is a favoured
technigue for such studlea.;_; - - :

Research in the Troplcal Metabollsm Research Unlt and the
Department of Biochemistry 1nclude studies on levels of growth and
thyroid hormones and. insulin in :both normal and malnourished chlldren.
Work is also in progress on the affinity of ethyrocytes and mammary gland
cells for. insulin and also the number of.gites avallable for binding
the hormones. : . - ; :

Iodine-125 labelled hormones. imported in kit form are used.

The Use of Isotog_g and Ion121ng Radlatlon in. Indust;y
It 13 very dlfflcult to assess the extent of the routine usage of
igotopes ‘and.ionizing radlation.ln 1ndustry smnce there is no central
register of isotopes in Jamalca. One hears of the use, .or, past use, of
ionizing radlatlon for non-destructlve testlng of welded 301nts and for .
density and thickness gauging, but it was poit posslble in. the - tlme ;%J;,,
avallable to assess the extent of usage.

The organlsatlons whlch appear to have made most use of methpds
involving isotopes are ‘the bauxite companies and the Jamaica: Bauxite o
Institute. Mixing and. settling in the Bayer. Process. for the manufacture
of alumina have been studied using gold-198. The settling of liquors
in the red mud dlsposal ponds has been. approached by use of radioiodine
as a tracer. c;gffﬁl .

The bauxlt& companles and the Baux1te Inlt1tute use xX-ray ,
diffraction and.x-ray fluorescence in their analytlcal laboratories..

The Bauxite Institute uses a soft gamna source containing americium-241
for measuring the settling of solids in liquors.

/Most applications
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Most applications of nuclear methods in industry are carried out
by the bauxite producers and the Institute. This is not surprising since
bauxite is the largest industry in the country. But even in this industry,
in the instances for which it was possible to obtain information, any
novel problem involving nuclear methods.was contracted out to overseas
consulting groups and there is little in-house knowledge or expert1ae in
appllcatlons of 1sotopes or radlatlon. : | :

v S lerwt o o ' o Sard

It does seem that theneuma wxde scope for appllcatlons Qf
radioisotopes and for radiation hased methods of non—destructlve test1ng.
Usage is howéver only - llkely tav*ﬂCreasq ax@n;f10antly~1£ the expert1se

is aVallable locally.’ -' -11‘w o

':‘ - r' f- - . (\‘ 1 ‘1‘ ‘: 0:"} ' r :A. -

£rE e e

The Gentre ﬁoE N elegpfSclancasl,;

: o R R R )

The Mona Campus of. the Uﬁiwar31ty of. tae West Indzes has 1n1tiated
a programme of development.in- peacgfnl uges; of nuclear energy., A small \
Centre for Nuclear Sciences:was formally opened in June 1984 and several
programmes are now in place,  The main:ritem of. equipment in the Centre
'is the: Atomic Energy of Canada. Ltd.,SLOWPOKE-Z reactor. This is a very
simple, safe, low power reacter which was: sp¢c1ally deslgned for
university and hospital laboratories. It is partlcularly suited, for
neutron activation analya1s and the productlon of small quantltles of :
radzoxsotoPes. ';na Tl ' :

it f T,p_,

The UHI SLOWPOKE fac;11ty opﬂratﬁﬂ m;th~g ﬁax1mum neutron flux of
10 sxp»ll neutrons per itz squared: peri‘second and with very: h;gh flux
stability. Thé' reactopn: ig flthed‘wzth hhrea1raﬂiat1an sita& w1th1n the.
core for sample volumes of 7 ml., and with two outer sites at whiqh g
larger volume of samples (27 ml) can be irradiated, though at a lower
maximum- rieutron: flux of about*'s: ‘exp: 104 Fop: neutrphnhctxvatxon_analYBls.
the reactor is supported by two hyperpure germanium detectors,
multichannel: analgzera, and: mxﬁro-eomputﬁrs. "

+Isotope’ produchzcn for. supply to. med@cal and pﬁhar ugers, w111 begln
once’ proper facilities for. the -handling ‘of the activities have been,put
i place. ' The Centre ig also equipped for x-ray fluorescence studles, '
but” the present prxorlty 15 neutron actlvatlcn analysls. :

The Gentre operates with a small core staff nf aclentists,,;ﬂﬁﬁ:_
technologists, technicians and support staff, now totalling seven:
Individual researchers from University departments or other 1nst;tut10ns
execute; with Centre guldance, their own resgearch programmes, whlah L
however normally contrlbute to the generaltalms of the Centre.l_g,“ A,¢a

Qg
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Capital funding for the construction of the building was provided by
the European Development Fund (EDF) and the Government of Jamaica. The
reactor and associated equlpment wa5~prov1ded by the EDF, - Most of the
other instrumentation, including micro: cnmputers, was provided by the
International Atomic¢ Energy Agency,'whlch was very much involved at-all
stages of the efforts, and which has been prov1&1ng technical assistance,
advice and trainlng.‘ The -recurrent expend1tures are presently met by the
Government of Jamaica and. by the’ University. It is expected however, that.
many of the programmes w111 be 3e1f~support1ng.

‘A selection of the programmes presently underway at the Centre
follows.

1. Elem"ent-al Mapping 'iﬁ Jemaica' e

- This maaor programme is almed at obta1n1ng as much ‘information as is
possible on the chemical cotistitients, including trace elements, of soils,
rocks, water, plants, etc., and of exam1n1ng the possible influences of
chemical ‘composition and’ 1nteract10ns in several areas which 1nc1ude _
agriculture; plant, human and animal nutrition; and medicine. A number of
semi-independent projects have been devised which will though capable of
standing on their own, contribute to the overall- prOJect.' Suitably chosen
samples are being analysed for some fifteen elements .at this time and the
analytical methods are contlnuously ‘being extended to increase this number.
The analytlcal results together with such other 1nformat10n on the samples
such as exact location snd sample type are stored 1n data banks for _
interactive recall and comparison with a variety of other informatlon‘
and data. A selectlon of the sub-proaects follows.

'(e)‘Env1ronmenta1 Studies
Environmental studies which make use of nuclear te&ﬁﬁidues are,‘
in the main, being carried out by staff of the Departments of Chemistry
and Botany, and their reaearch ‘students in association- with the Centre

for Nuclear Sc1ences. Two are mentmoned ‘below:

(i) The use of lichens as env1ronmenta1 monitors of trace metal
pollutants in the nelghbourhood of certaln large 1ndustr1a1
plants. .

(ii) The provigion of ‘base 11ne data in sea coaat areas to contribute
to a programme of coastal management._ :

/(b) Radiometric
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(b) Radlometrlc Surveys:ah *ﬂrmg;umgfrospectlng L

\':","Af' J'

There have been reports oﬁglueat1ons whlch produce radlatlon counts
slgniflcantly above: backgroumd-&evels.- A few of the Jamaican mineral .
springs have also beemn. reportedwto ‘be somewhat radicactive. A radlometric
survey of the island is :now in progress. - The main equipment. being used in
the field is a wehicvle«~mounted sodium iocdide detector and four-channel
epectrometer, There have been difficulties with the fragility of the
sodium iodide detector system and assembly but this seems to have been’
overcomey” Eue LT Wiy o snies. i . S

U T AR

Samples from the field are analysed in the Centre., One method being
uged is instrumental neutron activation analysls by msasuring the thremely
small amounts of neptun1um-239 formed by neutron {rradiation of samplea
contalnlng uranlum. AR R BT

vy B iy

tin Fre o Bmoaie ook

i il f‘-_-_ L ’ . .
-Some of the flrst result's have. beenisubmgtted for a degree of Master'
of Sclence (UWI) in- Geology. AThis work ia @ontlnulng. o .

Sger T Iaciline M .'-‘_“.'fi..;..‘f:.' LT

osuge

(c) Geochemlcal Prospect;ng
ey Cipdraa
- vaer sedlments 1n'ane~qf the larger river ba51ns of Jamalca, tge o
Wag Water ‘basin, rare being cellgcted for exemination by neutron actlvatlon
analysis, x<ray ﬁbuorescenoeg -gnd gtomigiabsorption. In addltlon to”
obtaining geological . and- geoohemlcal informatign of 1nterest ‘the results.
will contribute~to.tke:mapping program@eloutlxned eboveg It;;s also
expected to demonstrate te lgcal geaseaent;qts bhe;value of :river sedlment
analysis as a major aid in geoprospecting in Jamaica. This work will be
extended to other river basins as the avallablllty;of funds and personnel
perm1t. - -

I3 s

2. Develo ment of a ThermolumlneseAnt Doslmetr Serv1ce}t Nzlwlwnt

Prlor to 198# all personnel monltorlng for workers in the Bub-region
was done by film badge services in Burope and North America. The badges
were dispatched by post and-the results mailed back. to the institution.
The users report that the turnaround times are long, sometlmes ‘exceeding
three months. It could be argued that, at the very least, this has bad
psychologlcal effects and could lead to poor work habits.

The Gentre for Nuclear Sc1ences, therefore, operates 1ts own -

dosimeter service using two element lithium fluoride disc badges to record
exposure to beta and gamma radiation, and the following equipment:

/1. A
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iQ A Toiedo automatic TLD reader CREEIET -'.f
2. A strontium-90 irradiator for calibration ~
3. A micro-computer for data handling ‘and flle Management.

All Centre staff and several locations wlthlngthe working areas of
the bulldlng are routinely monitored and a pllot prOJect is in place to
examine the feasibility of providing a national gervice. which. could- be
expanded across the sub-reglon if the demand exlsts. N S e

e .: -

TRAINING IN. NUCLEAR SCIENGE, @EOHNOLOGY AND APPLICATIONS

. ThlB study would be incomplete“wlthout ment;on of the educatlonal "“
system by which scientists and téchniciand:. are-produced.™ The sub-reglon;;f

PLINR PR

has two Universities. One, the University: of Guyana, ‘is*a national °

‘institution; the other, the University of the:-West Indies, is a regifnal "™

university,. directly supported.-by all’the countiies in Table 1, except
Guyana to which, however, it also provides substantial services., ' In ‘
addition to the two universities there are a number of other tertiary
institutions which supply ‘muach- needed- ‘manpéwer ‘at the technician and”
middle management :levels.  The output “ffom UWI "at the Bachelor's Degree

level ig fairly substantial, as shown ii Tablé 2 which lists the results:ff

for those ‘areas with direct bearlng Gn'thIS’StﬁdY."' S
B T S S NCRUREE S PN SCE R 5 draeee
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UHI doeb not offer a programme of nuglear englneerlng. Some aspects '

of nuclear science and technology are prov1ded in the normal. courses in..
Chemistry and:Physics” and, to'a lesser extent in the blologlcql sclences
and medicine. The Chemistry Department operates a small radioéisotope
laboratory for its undergraduate students. This laboratory contains an
igotope- neutron activatlon apparatus, utlllzlng an Amerlelum/Beryllium

sourcé, with a- ‘neutron flux of’ about 10 exp 6 neutrons per cm sguared. per'

sec., There is also some fairly slmple equlpment for single channel
spectroscopy and other counting. No other university department provides

/undergraduates with
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undergraduastes with the opportunity to be properly introcduced to exsmples
of the usefulmness of applications of radiation and isotopes. - The graduate
students are, on the whole, in a similsr position although some do have
the Opportunlty to work with 1sotopes in their research projects.

POTENTIAL NEBDS AND PRIORITIES

‘There are many obv1ous needs typical, perhape of developlng countrles,
but these vary conslderably from:country to country and from programme to
programme., Firstly, there are those programmes which are already in place:
these require, as always, more funds, more staff, more equipment, training,
and a certain amount of technical assistance. Depending on the country
and the programme, some of these matters can well be dealt with internally.
For other countries, external aeslstance, both flnanclal and in expertise,
would be necessary. - Some of. this might’ be obtainable within the sub-region,
some would have to be sought from extra—reglonal sources. These needs
are well known to all persons 1nvolved 1n development of any sort and. can
be taken as g1ven.. : s :

But it is certalﬂly not merely a matter of funds. equlnment and the
things that go with tnese. There must also be the conviction that.
applications of nuclear energy are feaelble, safe. and worthwhile, This
can only come about through education and example._ A flrst prlorlty
therefore might be to strengthen those units and programmes which are
already in existence, and teo build on thelr successes. This will require
that these successes be publicized in some way so that other workers can
begin to appreciate the power of. miclear techniques.- In this. -respect, the
Centre for Nuclear Sciences at UWI' is perhaps the 1nst1tut1on with the
single most 1mportant-role to pl&y in-this developmentsy- """ "7

It appears that none of the countrles examlned has any formal set
of naticnal regulations for work with-isotopes and radiati6én scuFees.

The major institutions will of course have their own guidelines,: &nd the
Centre for Nuclear Sciences has developed a comprehensive set of ©
regulations based on international standards, and partlcularly on’ the
Canadian regulations for the operation of SLOWPOKE-resctors. -There is

now the need throughout the. sub-region for a formal set. of regulations

to be promulgatéd by each government to ensure the safe use and expansion

of applications of nuclear energy. These should include the registration

of radiation: sources above a speclfled size, the ensuring that all -~
persouns who work with such sources are proPerly tralned and appreclate and -
enforce the approprlate safety measures.

' The Centre for Nuclear Sclences has a reeponslblllty to prov1de

the nec¢essary example in this- and to be a ready source of’ 1nformat10n but
is prepared te act further only 1f requeeted to do 50, :

el

/PRESENT AND
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gRESENT'AND POTENTIAL PROBLEMS T
The constralnte wh;ch suppress the development of appllcatlone ‘of
nuclear energy vary,‘as ought to be expected, with the stage of = .
scientific and technological development in any particular country. “Phis
in turn depends to a large extent on.the numker and quallty of . avallable
scientists and technologlste. ‘ : L : : .

‘ If a country has 11ttle 1ndustry, and 1ts research and development
efforts are, for'whatever reason, l1m1ted, there must ‘be severe yroblems
in the: application of almost any' ‘technology. A sufflcient knowledge base_
may not exist even to allow the . declsion that a part;cula: technology is
applicable to a given problem, nor given a set of reaults, what “to 'do with
them.,. In such a case the country w;ll need. to depend heav1ly on external
a551stance. T P Ao wnciezmh VL by P

Iet even 1f work 1s completed_bx‘an extennal source, w1th full local
acceptqnce, unless part1cular efforta are made to ensure its adoptlon into
the fabric of knowledge of the eocmetxg,ani appropriate ‘plans for follow-up
areh@xecuted, the benefxta kill probably at best be ghort term. An )
underatandlng of thls,,gnd of . the l;mlta Qi the flnanclal and partlcularly
human resources of many countrles, 1§ a_kex to deal1ng with the problem.,
Considered in this light the lack of ‘progress in applylng nuclear methods’
and techniguesg in aome,pountg;es ;e.hardly surprising. Yet the application
of nuclear. techniqpee can 1gaglf help to develoP sclent1f1c capab111ty. _

i It 1s dlfflcult to eee,hgu thengeneral.ﬁevelopment of science .R
and. technologx in_the Car;hbean can he muchdh qtened., But thie would =
certalnly be . alded Qy concentnatmng euppqrt, 1n,the main, on problems
wh1ch are.of 1ntenest to the pollcy makers, and pose;ble users of the
resulta. Th1s is . a consequence of the scancity of moat regources, and

the urgency with which social and economfc grohlems are vxewed.

Belize, St. Lucia and the other terrltornee which .do not have .either
a. Unlver51ty Campue . or. a- research trad1t1on will exhlblt a. low level of . .
scientific awareness. . . O£ten,the problem therefore ig to make ‘a start.u,i,
This is not unique  to. nuclear cnergy, Jbut appllcatlons of, nucledn energy
do have the disadvantage of unfortunate associations, and are often T
considered to be highly sophisticated. There is also the commonly held
though poorly understood, fear of :the harmful effects of radlatlon.

Although most unlnltlated persons accept, and accept wlth

surprisingly little concern, even extensive use. of x—rays for medlcal';
and dental diagnoses, there are rather powerful concerns about the -

/effects of
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effects of the use of any radioactive materials, '‘nuclear reactors, etc.,
on the safety and well-belng of the community. This can only be overcome
by insisting on-the most strlngent safety regulatlons and practlces, and
by educatlon. o . : : R :

“i Within any partlcular country the 0pportun1t1es depend on the
particular discipline. Applications of nuclear “technology tend first to
be in medicine becsuse of the inevitable use of x~rays as a diagnostic
tool. The next developmeént has been the use of rgdiation in-cancer therapy.
Thereafter it seems a likely step to the use of isotopes etc., in what has
become known'as nucléar medicine. But the“two latter steps were only
possible in! countrles w1th a certain measure of regources.

The problems at- each stage of these developments are ma1n1y. lack
of funds, staffing and staff development, and training. Even in . the:
teaching hospitals the numbers of specialists in radiology and nuclear
medicine are inadequatd,-and replacement or the present staff would be
very difficult since médicéal graduates seem to prefer-other specializations.
In one territory there ‘ias the interesting suggestlon that this is because
patients suffering from- b&TClﬂoman”uéua¢¢J vegin treatment sfo lats, with-
consequently high death’ rates; that other physlclans see radiation therapy
as "but one step away from the undertaker" er e . :

whether this is gene?al ‘or not, there are frequent complalnts of :
lack of adequate training, 'inadequate. eéquipment, and lack.-of:access to -
adequate maintenance and support services. There is the need for medical
physicists and more tr¥ained rudlear instiuments technologiste. Much of
the medical equipment -is rather: old {but there are-somé 'x=ray tomography
units); and some of -the 'cdncer -treatment units appear" ‘toibe 'in need of
expanslon. It wds ‘also sdid that there is need: for greater understanding
on the: part of physicians 'and consultants on the. advantages and potentlal
of miclear methods as diagnostic aids.: ‘ R Lo :

" As shown by the example of Barbados, the establishment of even
fairly sophisticated programmes in the medical -field does not necessarily -
lead to applications in other disciplines. - It may well be that cross-
fertilization and 1nternal technology transfers are- themselves problems S
to be addressed. ' ; - : :

In the areas of the bthér'applicatiOns~it?iae*also stated that the
shortage of facilities, training, and lack of appreciation of how best

nuclear technlques might -be. applied were powerful d151ncent1ves to a more
w1despread use of the methods. : ~ : .

/A fair
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. -A falr number of workera haﬂe already rece1ved eome tra1n1ng 1n
vaious- courses _on; for. example,.the uges. of: 1eotopee in hydrology, . °
geology and. agrmcultare.. The praoblem.has been. that. after this tralning
no further progress was often made., This has been explained as due to
lack of facilities.in-the main, but .this jexplanation must.be viewed with
cautzoa, -since inrcgses. where thare was a strong. 1ncent;ve to. -carry out
work, -at -least m1nimal and eometimee much better fac111t1es have been.
obta1ned..~ : Yo e C

THE SCOPE FOR GO-OPERATION -

The Englieh—epeak1ng Garlbbean ise. unusually well placed for
co-operatlve efforts. The territories are 80 e1m11ar, and the neede
often so comparable, that advances in one terrltcry are often readlly
tranaferable to others. ;Communicatigons.between. the.territories-.either
by telecommunications,- by echooner for the closer islands, or by a1r for
the. farther separated onee, are.- qulte good. o

3

The exletence of a. eub-regional un1ver81ty w1th good 1nfraetructure
and etaff, -which-:isg. already committed to co-operat1on, and which operatee
an already functional centre dedicated to applications of nuclear science.
provides a firm base for future developments. The operations of the
Centre. nre presently.concenkrated.in Jamaica, but as its work develops
and funds: become: avallable, zte mandate w111 be extended to include. the .
sub-region. O :

Another sub-regional institution, CARDI, which has particular
respon51b1l1ty for agricultural:development, could contribute to
develoPments in the appl1cat10ne of nuclear methods to agrlculture.

.Moreover the CARICOM Secretariat arranges 2 serlee of .
meetlnge of Ministers reeponelble for various pcrtfollce euch as ,
education, agriculture, health, and science and technology, which prov1de
an excellent opportunity for discussions on,. and the mak1ng of pol1cy
with regard to, co-cperatlon and co»ord1nat10n.,._r . :
There 1e therefore qulte remarkable ec0pe for eub-reglonel
co-0perat10n in peaceful appllcatlons of. nuclear ‘energy in the Gar1bhean.
Already there is a considerable amount of ongoing co-operatlon in ‘the
medical -field, but -even here more could be done, particularly in terms
of patlent treatment and exchange and tranefer of knowledge and technlquee.

The develcpment of a. eub»reglonal doe1metry and radlatlon safety
advisory service is -an immediate . .option for comoperation. The presence
of equipment -for thermolumeniscent dosimetry and of trained personnel '
at the Mona Campus offers an excellent 0pportun1ty to do this.

/Environmental and
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Environmental and geochemical programmes could be readily
regionalized and other areas such as insect cont¥Bl and. food irradiation
are considered suitable for sub-regional co-opération.: No.doubtithe
range of p0551b1e programmes would grow as succesees are achleved.

Go-oPeratlon is also pOBBlble wlthln the 1arger Carlbbean reglon,
which would include the territories of Central America, Cuba, Hispaniola,
Puerto Rico, the Dutch Antilles, ‘and’ Venezuela. In particular; Mexico -
already has much to offer; its work on insect sterilization is worth
close examination throughout all the region. There would perhapa be
some difficulties with languagé but this is hardly insuperable.
Collaboration might be further encouraged if it fell within the
framework of support by the Organisation of ‘American States’ and/or under
the ausplces of the United Natlons.

, The Caribbean terrltorles were all at omne tlme or the other
colonies, and have maintained qulte clode links each with its former
colonial power. One aspect of this relationship is the Lome Conventions
between the European Economic Community and various African, Caribbean
and Pgcific countries. This’ establishes a base for ‘possible co-operation
within the 86 called- ADP terr;.u.u J.eu ‘and between the Garibbean and
European countrles. : S - ‘ :

All the above tvoes of collaboratlon have a great deal to offer
and will no doubt be pursued as and when the interest of the Caribbean
in the peaceful applications of nuclear energy grows.

SUMMARY AND GONCLUSIONS

Applications, needs, problems, and prospects for peaceful uses of
nuclear energy have been revlewed for flve Engllshaspeaklng Carlbbean
countrles.‘,“ ‘ S ‘ o

‘The extent of applications differs significantly from country-to B
country. In Belize and St. Lucia the only medical applications: are.the-
normal use of xX-rays in dlagnoses. Barbados, Trinidad, and Jamsica,have
much more sophisticated” programmes which involve the uses of’ radlatlon
sources, rad1otracers and other nuclear 1nstrumentat10n. : :

© In the non~med1ca1 field there seems to be nothlng in Barbados or
‘Belize and “Yery little in' St. Lucia. There is interest, however, in
various possible applications., Trinidad and Jamaica have several
activities, w1th'éoné1derable scope for growth, Jamaica is unique
in that it poseesses ‘a’ Centre for Nuclear ‘Bciences which includes a-:.
small research reactor and which recelves generous support from theZ‘
Government. ‘ - . ‘ S

/In summary
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In summgry, the following main p01nts can be made: Firstly, there
are definite limits to the amount of scientific manpower available so that
"nuclear" applications can only be one of.many possible interests;
secondly, there has been relatively 1ittle nuclear experience, so that
many easy possible applications might well be miased; thirdly, training,
per se, is not of much use unless there are 0pportunities to make use of
the training, except that it might help provide a more understanding
climate; and fourthly, there is in most countrles, the ever present lack
of funds not only to purchase equipment and to develop infrastructure but
also to pay the salaries necessary to attract ‘and maintain good staff.
The shortage of foreign exchange is anocther problem which has been
becoming apparent during the last few years.

The most significant problems a;p‘tpé;iéékhaf.humaﬁ and financial
resources, but human problems seem to be the more important. Nevertheless
the following must be emphasized: -

1. There is a core of people, who are already active and
enthusiastic. s

2. Although there is room for improvement in the equipment available,
the situation is not at all hopeless.q‘,‘

3. A considerable amount of work 15 already ;n progress and there
is interest in its expansion. . .. o

L, There seems to be a good deal of willingness to exchange
information and to co-oPerate in otherlways.

5. There seem to be excellent pOBElbllltlea for co—operatlon at
the sub-regional, regional, and 1nternat10na1 levels.

As already mentioned one should not expect applicafidns'in'the
uses of nuclear energy to outstrip the levels of science and technology
which the countries presently enjoy. There is however enough interest,
particularly in the larger territories to indicate that these appl;catlona
will continue to increase in number..

7'/Appendix
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