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PREFACE

This report contains the results of a study to determine the
feasibility of introducing food irradiaticn technology into
the nations of the Caribbean Basin. The Caribbean Basin

nations include the following Central American and Caribbean

states and territories:

Anguilla Jamaica
Antigua and Barbuda Nicaragua
The Bahamas Panama
Barbados Saint Lucia

alize Saint Vincent and the Grenadines
Costa Rica Suriname
Dominica Trinidad and Tobago
Dominican Republic Cayman Islands
El Salvador Montserrat
Grenada Netherlands Antilles
Guatemala Saint Christopher-Nevis
Guyana Turks and Caicos Island
Haiti Virgin Islands, British
Honduras

Cuba and the French Overseas Departments of Guadaloupe and
Martinique are not included. Owing to time and budget
constraints, the field work was limited by the funding
agencies to Guatemala, Haiti, Trinidad, and Barbados.

The study was funded by the U.S. Agency for International
Development (AID) and the U.S. Department of Energy (DOE).
The AID funds were awarded as a grant to the National Food
Processors Association (NFPA), which assumed responsibility
for conducting the study under the direction of Harry C.
Mussman, Executive Vice President of NFPA and Grantee Project
Manager. The DOE provided the services of Jacek S.

Sivinski, Director of Irradiation Programs for CH2M HILL, as

team leader and food irradiation specialist.

Other team members' services were provided under consulting
agreements with NFPA. They included Donald R. Jackson,
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trade and agribusiness specialist; George E. Cavin, entomol-
ogist; Jerry W. Knapp, financial analyst and economist;
Kevin Preister, anthropologist and sociologist; Shelagh
O0'Rourke, anthropologist; and Jasper Ingersoll, senior
anthropologist. Robert F. Morris served as the AID liaison
officer in Washinyton, D.C.; George Like, Rural Development
Programs, as the AID contact in Guatemala; and Abdul H.
Wahab, Agricultural Development Office, as the AID contact

in Haiti.
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EXECUTIVE SUMMARY

STATEMENT OF THE PROBLEM

On September 1, 1984, the U.S. Envirormental Protection
Agency (EPA) banned the use of ethylene dibromide (EDB) as a
fumigant for fruits and vegetables grown in or imported into
the United States bhecause of evidence that the residual in-
organic bromide from fumigating with EDB is carcinogenic.

An exception was made for mangoes that allowed fumigation
with EDB to continue until September l, 1985, with residue
in the fruits of 30 parts per billion or less. The EDB ban
is now having a devastating impact on the export of fresh
fruits and vegetables from the Caribbean and Central America
that formerly were fumigated with IDB. Before the ban, vol-
umes of these exports were growing rapidly, and new plant-

ings in thousands of hectares are taking root.

Paradoxically, the ban comes at a time when the United
States is attempting to promote economic development of the
Caribbean area through the Caribbean Basirn Initiative (CBI).
One of the principal goals of the initiative is to expand
the Basin's fruit and vegetable export industry through

(1) economic development assistance, (2) reduced trade bar-
riers for selected Basin exports to the United States, and
(3) the promotion of United States private investment in
technology transfer to the region.

To resolve this conflict between the EDB ban and the goals
of the CBI, an alternative form of quarantine treatment is
needed, one that will replace both EDB and other undesirable
fumigants. Low~dose irradiation appears to be one of the

most promising alternatives.,



Agriculture is a critical part of the economies of most Car-
ibbean Basin countries, and tropical ard subtropical fruits
and vegetables are among the principal crops produced. Many
of these fruits and vegetables are important commodities in
international trade. However, marketing of these commod-
ities is often seriously hampered by infestation of tropical
insect pests and diseases. Nations free of these pests,
such as the United States, Japan, and parts of Europe, have
strict plant quarantine laws requiring a specific disinfes-
tation treatment by the exporting nation before produce may

be imported.

Agriculture's share of gross domestic product (GDP) for the
nations of the Caribbean Basin ranges from about 16 to

40 percent. However, the importance of agriculture is even
greater than these numbers indicate. Agricultural commod-
ities are both the major provider of foreign exchange earn-
ings and the principal source of employment. Within Central
America, agriculture's share of foreign exchange earnings
dominates all other sectors combined, with a low in Panama
of 52 percent to a high in Nicaragua of 81 percent. 1In the
Caribbean, the range is far greater than in Central America,
with a low of 2 percent for Trinidad and Tobago and a high
of 84 percent for Belize (geographically a part of Central
America but linked to the Caribbean) .

A dramatic example of the EDB ban's potential effect on em-

ployment is found in Haiti where 74,000 people are directly

involved in the fresh mango export industry: 72,000 peasant
producers, 1,000 intermediaries, and 1,000 managers and em-

ployees of the export firms. Over 5 percent of Haiti's cash
income probably will be lost because of the ban.

When assessing the effect of the EDB ban on a nation's econ-
omy, present as well as probable future losses must be

considered. The ease and speed of transit of people and



products throughout the world poses an ever-increasing threat
of encroachment of exotic pests into areas long thought to
be safe from their introduction. For example, Central

America is threatened by the melon fly, Dacus cucurbitae,

which attacks cucurbits (cucumbers and related plants) and
exists in much of the world outside the Western Hemisphere,

In northern South America, another fruit fly, Anastrepha

grandis, exists that attacks cucurbits. 1In the past, even
if these flies became established in the Basin, EDB fumiga-

tion would have allowed continued exports of cucurbits.

Many of the U.S. Agency for International Development (AID)
missions in the Caribbean Basin are initiating projects to
promote the production of nontraditional fruit and vegetable
crops for export. The greatest market potential for most of

these crops is in the United States.

The Basin countries have begun to show progress in crop di-
versification and productivity in response to market, gov-
ernment, and donor incentives. In Guatemala, the switch in
the Western Highlands from basic grains to brassicas and
snow peas has been considerable. The potential crop volumes
are far more an issue of market availability than technical

production potentials.

The lack of a suitable quarantine treatment for export crops
could jeopardize the success of ongoing agricultural devel-
opitent programs in the area, such as those being sponsored
by AID, the Inter-American Development Bank (IDB), the
Inter-American Institute for Cooperation on Agriculture
(IICA), the Food and Agricultural Organization (FAOQ), and
others. Therefore, finding one or more suitable replace-
nentc for EDB appears to warrant the immediate attention of
AID and other development agencies if much of the economic
and social progress recently made by small farmers is not to
be lost.



EVALUATION OF ALTERNATIVE 5

Some alternatives to EDB are alrcady approved as quarantine
treatments for tropical fruits and vegetables entering the
United States. These include vapor heat and, in some cases,
the substitution of mathyl bromide fumigation for EDB. For
instance, vapor heat is being used in Hawaii for papayas
being shipped to Jéepan. Generally, however, these treatments
have serious drawbacks, and are only temporary or partial
solutions to the problem of finding a replacement for EDB

(see Appendix E). -

Nine additional treatment methods were identified and evalu-~
ated as alternatives to EDB. The most promising of these

are:

o Double hot water dip. The first dip is a condi-

tioning treatment for the fruit prior to reaching
the higher water-temperature level necessary for
fruit fly egg and larval mortality. Studies of
this method are being conducted in Florida and
Hawaii in the United States, and in Costa Kkica and
Haiti in the Caribbean Basin. This treatment has
now been approved for Hawaiian papaya shipped to
the continental United States. In spite of the
preconditioning of fruits, hard spots often devel-
Op within the frult, and there is a high percent-
age loss from internal rot. The process is a high
eénergy user and is labor-intensive. Since the
temperatures used will not kill oldec, larger lar-
vae, exact measurements of fruit maturity must be
made prior to treatment to assure that the papaya
is no more than one-quarter ripe, beyond which the
pPapaya is highly susceptible to infestation. Im-
mature papayas are resistant to fruit fly attack
because of the presence of benzylisothiocynate in

the fruit.



Refrigeration. A high energy user, this treatment

is principally recommended where there is a long
transit time between nation of origin and market.
Because the treatment takes anywhere from 11 to
22 days at temperatures near freezing, it is nor-
mally conducted on specially erquipped and instru-
mented ships. It is generally applicable to
cool-season crops. The shelf life of tropical
fruits is too short for this treatment, and they
cannot withstand the temperatures required (0°C to
2°C). Also, problems have been encountered in
large commercial-scale shipments in Xeeping the
efficient refrigeration equipment operational in
high-humidity environments. This has led to food
losses and the inability to maintain the low tem-

peratures required for adequate quarantine control.

Low-dose fumigation plus refrigeration. Since

tropical fruits will not withstand the low temper-
atures necessary for the refrigeration treatment,
and most other candidate fumigants are either not
fully effective or cause damage to the fruit, a
combination of the two has been attempted., Lower
fumigant doses and less exposure time are being
combined with higher refrigeration temperatures.
Although this combination treatment has been ap-
proved for avocados from Hawaii, results have not
yet been encouraging for other tropical fruits,
The treatment holds some promise for the more

tolerant fruits and vegetables.

insect growth regulators. Methoprene has provided

some encouraging results in tests conducted on
papayas and peaches in Hawaii, and on mangoes and

grapefruit in Mexico. If suitable, the treatment



would fit easily into the present packing and
grading systems. Because of its present limited
usc, methoprene is expensive at the doses neces-
sary to be effective against the more resistant
fruit flies. It has not yet been registered for
use as a topical application on fresh fruits and
vegetables. Regulatory approval for methoprene
and other growth requlators will probably not be
easily obtained. Methoprene does not kill the
egg, larval, or pupal stages of the insect. It
prevents the insect from emerging as an adult.
Present plant quarantine requirements call for
mortality of the insect. The U.S. Department of
Agriculture (USDA) has indicated it may be willing
to ac.ept "lack of ability of the adult to fly" as
an approved criterion. Even so, fruit with live
larvae are now and could continue to be subject to
relection for entry to the United States on the

basis of quality standards.

Other fumigants:

- Methyl Bromide has been approved for fumiga-~

tion of citrus and some other commodities.
Its use has been limited, however, as it has
severely damaged some varieties of oranges
and grapefruit, rendering them unfit for

domestic or export market.

- Magnesium phosphide has generally not been

used in the past because of the long fumiga-
tion time required (48 to 96 hours) and fruit
damage that can result. This fumigant is now
receiving further consideration, not only in
the United States, but in Mexico and Costa

Kica as well. Even if accepted as a quarantine



treatment for tropical fruits, the exposure
time requirements may limit its acceptability

and reduce its economic viability,

- Other fumigants such as hydrogen cyanide,

carbon disulfide, and ethylene oxide either
have unacceptable characteristics or are in-

effective against the target pest.

Eradication has been considered for the Mediterra-

nean fruit fly'in Central America; however, since
other damaging fruit flies in Central America
would quickly fill the ecological niche occupied
by the medfly, little gain would accrue from the
associated cost. This technique might be worth
considering in some of the small island nations of
the Caribbean if the benefits would warrant the
cost, and if only one or two pest species were
present. Fly-free areas should be considered as a
part of a regional quarantine program, keeping in
mind that reintroduction of pests will be a con-

stant problem requiring perpetual scruvciny.

Irradiation is more versatile than the other alter-

natives. It can be adapted for plant quarantine
to eliminate pests or prevent pest reproduction in
food crops and general cargo; for the disinfesta-
tion of pests on nursery cuttings, plantings, and
cut flowers; and for the decontamination of meat
products and animal byproducts (hides and skins).
It can be used to disinfect animal feed and hos-
pital ecuipment and supplies; inhibit sprouting in
potatces and other root crops; prolong the shelf

life of some food crops; and eliminate or reduce



disease organisms in food products. Of the alter-
natives considered, it appears to be the most prom-
ising, not only as a quarantine treatment, but as

a general food processing technique,

IRRADIATION TECHNOLOGY

The two main types of radiation sources that can be used in

a food irradiation facility are:

o) Radioisotope sources (gamma rays)
- Cobalt-50

- Cesium-137

o] Machine-generated radiation sources (electrons,

Xx-rays)

Either type of radiation source will disinfest food crops,
inhibit sprouting, or prevent other similar types of post-
harvest food losses. However, engineering and economic
considerations have traditionally favored the use of low-
enerqgy, machine-generated radiation for applications
requiring intense radiation with limited depth of penetra-
tion. For relatively dense products where diffuse, pene-
trating radiation is needed, such as in the sterilization of
medical devices and the disinfestation, shelf-lifé’exten-
sion, and preservation of food, gamma rays have generally

been preferred.

A proposed ruling by the U.S. Food and Drug Administration
(FDA) would permit irradiation of fruits and vegetables to a
maximum dose of 1 kilogray (100 kilorad) with the radio-
isotopes cobalt-60 and cesium-137, or with beams of electrons
(10 million electron volts maximum energy) or x-rays (5 mil-
lion electron volts maximum energy). These sources of
radiation will not produce any detectable radioactivity in



any food, regardless of the amount of enerqgy absorbed or the
length of time the food is irradiated. The food is safe to

handle or consume immediately after treatment.

The usefulness of irradiation as a treatment for agricul-
tural commodities in the Caribbean Basin does not depend on
the specific type of radiation source being used. For the
purposes of this study, it was decided to focus on
radioisotopic irradiators because radioisotopes are the most

prevalent food irradiation sources in the world today.

An irradiation facility is capital-intensive because of the
significant expenditures needed for radiation sources, bio-
logical shielding, product conveyors, warehouse and storage
areas, control equipment, and associated mechanical and
electrical interlocks. Operation and maintenance costs are
relatively low because an irradiator is simple to operate.

Because of the high initial capital cost, it is desirable to
operate an irradiator on a continuous basis at design capa-
city. As the crops affected by the EDB ban are seasonal,
the utility of a multi-product irradiator must be evaluated.
Different commodities may require different doses for the
effects desired. This flexibility requires design compro-
mises that can reduce irradiation efficiency; however, the
opportunity to operate more hours per year by irradiating a
wider variety of products generally offsets these ineffi-

ciencies.

TESTS OF FEASIBILITY

For a project or program to be successful, it must be tech-
nically, economically, financially, socially, and institu-
tionally (politically) feasible. A summary of how irradia-
tion as a quarantine treatment meets these tests of feasi-
bility follows.



TECHNICAL FEASIBILITY

A food irradiation project is technically feasible if its
engineering and logistical components can all be implemented

in a complementary, practical way.

Approximately 25 countries have approved a total of 40 food
items for irradiation. The number of countries that have
approved the practice and are actually using it as a proven,
state-of-the-art commercial process is growing rapidly.

Food irradiation is therefore already an established techno-

logy.

Technolegy Transfer

If nontraditional crops are to be promoted, farmers must
develop the skills and resources to grow them. Mechanisms
must be designed that will (1) enable farmers to grow new
types of crops, (2) provide other technical information to
farmers, and (3) meet the infrastructure needs created by
expanded crop exports and volumes. One potential mechanism
may be producer's cooperatives. Irradiation firms may
benefit from the organization of and collaboration with
cooperative programs which help provide skills and resources
to farmers, as well as supply other integrated components of
the postharvest infrastructure. For successful technology
transfer, adequate training will be required and research
programs to test irradiation techniques on both traditional

and nontraditional crops will be needed.

Quality and Other Standards

The potential quality assurance problem is parallel to the
technology transfer problem; both require education for their
resolution. Information on quality requirements, tastes,

and preferences must be provided to shippers, packers, and
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farmers. In Guatemala this informational exchange and educa-
tional process is being undertaken by the Nontraditional

Exporters' Guild.

Credit Availability

New crops often require the purchase of additional labor and
supplies. Packers and shippers will also require increased
credit to expand current product lines or add new ones. A
recently approved AID project will provide funds to four of
Guatemala's intermediary financial institutions dealing in
agricultural credit. Similar financial support projects are
being designed and implemented by AID missions throughout

the Basin countries.

Transportation

Fruits and vegetables can be transported to the U.S. markets
from Central America by air, sea, and land; and from the
island nations by air ..d sea. Regular sea transport is
available for all of the Central American nations. Several
countries truck their produce across other countries for
eventual sea transport to the United States. The larger
Caribbean island nations are also on regular shipping
routes; however, most of the smaller islands are not. By
extending shelf life, irradiation could positively affect
existing transportation methods, for example by permitting
the use of surface rather than air transport.

In-Country Storage and Other Export Infrastructure

As nontraditional exports expand, there will be a need for
substantial improvements in the export infrastructure of the
Basin countries. Irradiation processing operations may

logically be included in production and postharvest infra-

11



structure development aimed at increasing the potential for
supplying an adequate quality and quantity of product for

processing.

Market Develooment in Importing Countries

Food irradiation requires regulatory clearances and institu-
tional assurances so that the irradiated commodities can be
broadly sold and distributed. Guatemala is currently the
only country in the Basin that is known to have licensing
arrangements for irradiation facilities. Introduction of
irradiation technology into countries other than Guatemala
would require the enactment of legislation for licensing and
permitting. The International Atomic Energy Agency (IAEA)
could assist other nations in developing their regulations.
Development of local expertise will also be required to

assist with local irradiator operations.

ECONOMIC FEASIBILITY

A éroject is economically feasible if the benefits resulting
from it exceed the costs and there is no more cost-effective
method of accomplishing similar results. Consequently, the
economic analysis was conducted in two phases. In the first
phase, irradiation was compared with other methods of
meeting United States plant quarantine requirements. In the
second phase, a model was formulated of an irradiation
project in Guatemala to serve as a case study with model
validation for Haiti. Benefits and costs were measured from
the national perspective with the use of 1984 prices and a

l0-percent discount rate.

It was concluded that irradiation has very good potential
from an economic viewpoint as a quarantine treatment for

fruit and vegetables at annual throughput levels of about
10 million kilograms or more (assuming the Guatemala model

12



is valid for general inferences). However, costs per kilo-
gram increase dramatically as throughput decreases. Conse-
quently, it is extremely important for detailed feasibility
studies to be conducted for any particular facility being

considered for construction.

The primary beneficiaries of the irradiation technology
transfer would be relatively poor farmers and farm laborers.
For most farmers, these benefits would be in the form of
increased net farm income resulting from a shift in produc-
tion from traditional crops to fruits and vegetables of
higyher value. For farmers already growing fruits and veg-
etables, such as the mango growers in Haiti, the program has
the potential of averting the hardships associated with the
loss of an important market. The benefits realized at the
farm level were estimated at $.08 per kilogram for irrad-
iated fruit and $.05 per kilogram for irradiated vegetables.

Other benefits would be widespread. The beneficiaries would
include the owners and operators of the irradiation facility,
processors and exporters of the irradiated crops, providers
of goods and services to the agricultural sector, and U.S.
consumers. There is the potential for a more desirable dis-
tribution of income to poor people, improved employment,
higher standards of living, increased national output, and
better balance of payments for the host country as a result

of the technology transfer.

A hypothetical example was developed to illustrate the use
of the case study model as a tool to estimate the farm bene-
fits and costs for a facility to irradiate mangoes in Haiti.
1t was assumed that the costs would be similar to those for
installing and cperating a cobalt-60 irradiator in Guatemala,

and that the annual throughput would be 21,000 tonnes1 of

lOne tonne equals one metric tor or 1,000 kilogram.

13



mangoes per year.1 It was further assumed that, because of
the seasonal nature of the mango market, an irradiation faci-
lity with a capacity to handle 16,000 kilograms per hour
would be required to handle peak processing period needs.

The facility would be idle during the short off-season for
mangoes, thus offering an opportunity to process other
nontraditional crops or other commodities during that time.

The study model indicated that the annual benefits at the
farm level alone would be $1,680,000 (21,000 tonnes at
$.08 per kilogram) at 1984 prices. The annual costs would
be approximately $630,000 (21,000 tonnes at $.03 per kilo-
gram). Thus, the ratio of farm benefits to project con-
struction and operating costs would be about 2.7 to 1.0,
assuming that throughput remains constant at 21,000 tcnnes
per year over the 20-year useful life of the facilities.
The internal rate of return, given the same assumptions,

would be 37 percent.

FINANCIAL FEASIBILITY

A project is financially feasible if sufficient funds can be
raised to pay for project construction and operation costs.
The financial analysis was conducted by relating the costs
of an irradiation facility from a private investor's view~
point to the anticipated revenues, and assuming levels of
throughput and service fees that exporters would likely be
willing to pay for the irradiation of fruits and vegetables.
Consideration also was given to various sources of financing
including the private sector, host country governments,
multilateral lending institutions, the United States Trade
and Development Program (TDP), and AID.

lThe 21,000 tonnes represents a rough estimate of potential

mango exports to the U.S. from Haiti in the year the irra-
diator would become operational (1988). It is based on
current plantings and recent production trends as reported
by AGRICORP rather than the USDA/FAS U.S. import figures
shown in Appendix D.

14



For simplicity, it was assumed that the construction costs
would be financed with a 2-year loan at 12-percent interest.
Interest would be paid as part of a 10-year loan taken out
when the project becomes operational. The interest rate on
the latter loan was assumed to be 14 percent with debt ser-
vice beginring the first year of facility operation. Costs
were assumed to escalate at an annual rate of 5 percent.
Import fees were assumed to be 25 percent of the capital
cost for import materials and equipment. Given these
assumptions, an irradiator installed in Haiti could generate
a positive cash flow in the first year of operation (assum-
ing a projected total annual mango exports of 21,000 tonnes
in 1988).

It was concluded that irradiation as a quarantine treatment
for fruits and vegetables is financially feasible if the
throughput is sufficient to reduce unit costs to affordable
levels. However, as described elsewhere in this report, the
suitable export crops are limited in most countries and
there is a general need for research and demonstration fa-
cilities. Therefore, it appears that financial assistance
in the form of grants and low-interest loans will be needed
if this technology is to play a significant role in the ag-
ricultural development of most Central American and Caribbean
countries. It also appears that this type of assistance is
warranted in view of the potential excess of public benefits

over public costs identified in the economic analysis.

SOCIAL FEASIBILITY

Separate social feasibility analyses were done for Haiti and

Guatemala.
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Haiti

Mangoes are now second to coffee in export value in Haiti,
Peasant cultivators with small, fragmented landholdings pro-
duce almost the entire crop. Fresh mango exports directly
affect approximately 6 percent of the population and make up

slightly over 20 percent of the producers' total income.

The integration of a food irradiator into the fresh mango
market chain would require little or no rural social innova-
tion. Irradiation would simply replace the fumigation step
in the processing line. Individual mango export firms are
extremely competitive and distrustful of each other, and new
firms continue to enter the market and intensify the compe-
titive climate. Benefits derived from this competition are
(1) higher prices for the farmer and (2) an incentive to
plant more trees, which helps prevent soil erosion. This
competition could, however, stifle general access to the
irradiation facility if any one export firm or association

were able to control it.

Some Haitian officials fear that United States government
acceptance of irradiation could be as transient as that of
EDB, and many were concerned that the United States buyer

might not purchase irradiated mangoes.
Guatemala

The potential for food irradiation in Central America depends
on the ability and willingness of small farmers to shift
production to nontraditional export crops. Guatemala farmers
have demonstrated this ability and willingness. However,
certain qualifications are necessary. First, subsistence
requirements have remained a priority. High population den-
sities and small farm size have resulted in subsistence

income levels for most people. Second, the vagaries of the

16



international market have kept farmers from greatly expand-
ing export crop productior and have led many farmers to
choose the lower-risk option of subsistence production.
Third, unavailable credit, or credit programs with proce-
dures that are too complicated or that fail to share the
risk with processors and brokers, discourages farmers from
growing new crops. Fourth, both local and international
transportation has been a bottleneck. Fifth, periodic waves

of political violence have occurred over the last 30 years.

The potential effects of irradiation as a food processing
technigue are (1) landless laborers would benefit through
employment opportunities and secondary economic growth,
particularly if conditions favor labor-intensive crops, de-
creasing the need for undesired labor migration; (2) subsis-
tence farmers could become more vulnerable since stimulated
land prices from economic growth have in the past resulted
in the loss of some farms; (3) small farms could be expected
to benefit most directly if labor-intensive Crops were
economically more advantageous; (4) larger farms would
benefit if capital-intensive crops were economically
feasible; (5) tenant farmers could become more vulnerable
through potential displacement; and (6) the misuse of
chemicals and chemical containers by uneducated rural

workers would be reduced.

INSTITUTIONAL ISSUES,AFFECTING PROJECT FEASIBILITY

Institutional issues in both the United States and the Basin
will affect the feasibility of building food irradiation
facilities in the Caribbean Basin. These issues are of two

catcgories:

o] United States legal and regulatory processes that

affect food imports. To meet plant quarantine

requirements each commodity variety will have to
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be approved separately on the basis of extensive
research. The FDA has yet to approve food irra-
diation as a process for fruits and vegetables.
The issue of whether irradiated food must be spe-
cially labeled must also be resolved.

o Caribbean Basin Regional Issues. The principal

regional issues involve the adoption of food irra-
diation technology, the location and regulation of
the facilities, and coordination among countries

for its use.

Because of the produce volumes required to make
the technology feasible, it is unlikely in the
short term that every country will have its own
irradiator. Therefore, it is possible that pro-
duce from one country will be transshipped through
and to other countries for treatment and then re-
exported to foreign markets. This transshipment
and sharing of facilities will pose three
problems: (1) higher transportation, loading, and
unloading costs; (2) a reduction in produce shelf
life; and (3) the risk of introduction, through

transshipment, of new pests from other countries.

The institutional issues in Haiti differ somewhat from those
of Guatemala. Haiti supports the adoption of the technology
but has no direct experience with it, has no agency address-
ing nuclear issues, and would have limited financial support
to offer. However, the nation's two exporters' associations
have agreed to examine the possibility of jointly operating

an irradiator.
The Government of Guatemala recently established the General

Directorate for Nuclear Energy (DGEN) to ragister and super-

vise nuclear facilities in the country. It also conducts
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research into some of irradiation's applications in agricul-
ture. The Central American Institute for Research and
Industrial Technology (ICAITI) has expressed interest and is
willing to serve as a home for a research and training
facility, and to operate a pilot commercial irradiator.

CONCLUSIONS

The study team recommends that steps be taken to establish
food irradiation facilities in the Caribbean Basin. Haiti
and Guatemala should be the first sites for these facilities
once the necessary legal and regulatory steps are completed
in the United States.

The study team believes that there is ample justification
from a research and development standpoint for erection of a
multipurpose regional irradiation facility in Guatemala.
With limited commercial capability, such a facility would
enable initiation of resumption of exports of those crops
affected by the EDB ban.

The diversification in Central America--~agricultural into
nontraditional crops for export--could be abruptly halted if
importing nations' plant gquarantine requirements cannot be
met. Irradiation research is necessary to determine minimal
dosage levels necessary to eliminate the pest problem, and
to measure the effect of the irradiation on the crocp. How-
ever, because irradiation cannot be a panacea for all plant
quarantine problems, the facility shculd have the capability
to conduct research with other treatment methods such as
chemical fumigants, biological agents, growth regulators,
heat, and refrigeration. 1In other words, it should be a
regional center for the development of plant quarantine
treatments. Training should also be provided at the center
to enable researchers from all Basin nations to develop

‘

their knowledge and refine their techniques.
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Agricultural exports from the Caribbean Basin are competing
with the larger, more developed Latin American nations for
markets. Nations such as Mexico and Brazil are moving for-
ward in the development of food irradiation capabilities.
The Caribbean Basin nations must also do so, and quickly, if
they expect to compete. The nation or region that takes
advantage of the technique first might easily control for

some years the export market for many crops.

Owing to the large Haitian mango market, economic incentives
are conducive to the establishment of a food processing
irradiation facility funded principally by private interests.
All the necessary participants in such an undertaking have
agreed that the use of irradiation technology is necessary
for the long-term survival of the mango industry. How:uver,
it is unrealistic to expect members of the Haitian mango
industry to initiate the use of irradiation technology with-
out encouragement and cooperation from the United States.

RECOMMENDATIONS

The study team recommends that AID undertake the following
tasks with regard to promotion of food irradiation techno-
logy in the Caribbean Basin:

1, Encourage and support appropriate technology
transfer activities such as commodity-specific
research, feasibility and site analyses on a
country-specific basis, and information

dissemination.

2. Facilitate private sector involvement by serving
as liaison between public and private sectors to
mitigate financial barriers and resolve technology

implementation issues.
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3. Work with the USDA to promote rapid adoption of
protocols for plant protection and quarantine
control, and provide assistance to nations in
drafting any needed legislation with regard to
construction, licensing, and operation of

irradiation facilities.

4, Collaborate in the construciion of a regional
center in Guatemala for the development of plant
quarantine treatments. The regional center would
help train personnel in irradiation and other
treatment technology, and would support needed

infrastructure technology development.

5. Finance a market analysis of irradiated mangoes

exported from Haiti.

A slightly more detailed summary of these and other recom-
mendations for Haiti and Guatemala follows. A comprehensive

and detailed discussion will be found in Chapter 6.

HAITI

AID should strongly encourage and support the establishment
of irradiation technology as a postharvest quarantine treat-
ment in Haiti. Specifically, AID should finance, in cooper-
ation with the Government of Haiti and private sector devel-
opers, a U.S., consumer acceptance and marketing study of
irradiated Haitian mangoes. 1In addition, AID should miti-
gate requlatory barriers with respect to mango exports by
encouraging USDA to issue regulations for quarantine
security based on criteria other than Probit 9 mortality

(32 survivors per one million pests).

AID should become actively engaged in the transfer of irra-

diation technology by participating in the training of
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Haitian nationals in irradiator operation, maintenance, and
safety. AID should also assist in the periodic enhancement
of these skills.

AID should work with tlie managers of the irradiator to give
them the skills necessary for economical operation of the
facility, and to ensure that all exporters have equal access

to the irradiator.

Working with FDA, AID should encourage early approval of
irradiated fruits and vegetables for consumption in the
United States. Through its Bureau for Private Enterprise,
AID should work with financial institutions to make credit
available for local entrepreneurs, and seek out and encour-
age the United States' food indust-y support. If sufficient
financial support cannot be found, then AID should consider

providing direct financial assistance.
GUATEMALA

The study team recommends a pilot and demonstration irradia-
tor for Guatemala that would be semi-commercial and would
offer the opportunity for research and training. It should
beccme the core of a regional center for the development of
plant quarantine treatments. This proposed project would
strongly support the goals and objectives of the Caribbean

Basin Initiative,

The commercial operations could most likely be under the
control of the Nontraditional Exporters' Guild or some other
private interests. The research and training components
could be under the supervision of TCAITI, with oversight and
assistance froa DGEN. The commercial operations would not
be able to fund training and research, particularly during
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the early stages of irradiation operations; cooperation with
the IAEA and the FAO in the research and training aspects of
the facility would therefore be highly desirable.

The exact level of private financial interest in a Guatemalan
irradiator is not known at this time, but would be critical
in determining the extent of AID's involvement. Ideally,

the commercial portion of the facility (warehouses, equip-
ment, vehicles, and a prorated share of the cost of the
irradiator) should be financed by the users and beneficiaries
of the facility. If enough self-generated capital is not
available, funding through AID's Guatemala Agribusiness De-
velopment Project should be explored. This project, together
with another scheduled project by AID's Regional Office for
Central America and Panama (ROCAP) that is designed to
strengthen organizations such as the Nontraditional
Exporters' Guild through improved information systems and
training, will adequately support the private sector activ-

ities of the recommended facility.

Public sector activities--demonstration, training, and re-
search--will also require AID involvement. The Government
of Guatemala, through the DGEN, would be willing to provide
infrastructural support, and the ICAITI has offered adminis-
trative support, some staff, buildings, equipment, and land.
Despite this assistance, however, there will be a signifi-
cant need for funding and technical expertise that AID could

provide.
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Chapter 1
INTRODUCTION

This report contains the results of a study of low-dose
irradiation as a quarantine treatment for agricultural
commodities exported to the United States by countries in
Central America and the Caribbean. The study focused on
whether irradiation would be a feasible replacement for

ethylene dibromide (EDB) as a quarantine treatment.

In conducting the study, consideration was given to the po-
tential for the transfer of irradiation technology to Cen-
tral America and the Caribbean. The study should be viewed
as a generic evaluation of the potential for this technology
transfer to the region in general. The cost estimating1 and
project planning are sufficiently accurate for use in a
Project Identification Document (PID),2 or to evaluate the
potential of the technology in general terms. The estimates
are rot sufficient to demonstrate the feasibility of irradi-
ation facilities at any particular site, although costs and
benefits were developed for a hypothetical facility located
in Guatemala or Haiti. Site-specific studies should be con-
ducted prior to the construction of an irradiation facility

at any particular location.

lSome of the cost-benefit information provided in the report
is expressed in both Guatemalan and United States currency
(quetzales and dollars, respectively). Although this may
appear confusing to some readers, it is necessary because
of the rapidly changing value of money.

2The document used within AID to communicate project ideas.
Once approved, a PID carries with it a commitment by AID to
further explore the project's feasibility, and if feasible,
to fund it.
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THE EDB BAN VERSUS THE CARIBBEAN BASIN INITIATIVE

On September 1, 1984, the U.S. Environmental Protection
Agency (EPA) banned the use of EDB as a fumigant for fruits
and vegetables because of evidence that the residual
inorganic bromide from fumigating with EDB is carcinogenic.
An exception was made for mangoes, which continued to be
fumigated with EDB un+t1l September 1, 1985, if the residue
in the fruit was 30 parts per billion or less.

Paradoxically, the ban comes at a time when the United
States is attempting to promote economic development of the
Caribbean area through the Caribbean Basin Initiative1
(CBI). One of the principal goals of the initiative is to
expand the Basin's fruit and vegetable export industry
through (1) economic development assistance, (2) reduced
trade barriers for selected Basin exports to the United
States, and (3) the promotion of United States private
investment in and technology transfer to the region. The
CBI does not, however, have any effect on regqulations, such
as the EDB ban, that limit the volume of produce exportable
to the United States.

To resolve this conflict between the EDB ban and the goals
of the CBI, an alternative form of quarantine treatment is
needed, preferably one that will replace both EDB and other
undesirahle fumigants. Low-dose irradiation appears to be
one of the most promising alternatives, particularly because
of a February 14, 1984, proposal by the U.S. Food and Drug
Administration (FDA) that would permit the irradiation of

1For additional information on the CBI, see the Caribbean
Basin Business Information Starter Kit, U.S. Department of
Commerce, 1l4th and Constitution Avenue, NW, Room 3020,
Washington, D.C. 20230 (telephone 202/377-0703;.
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food at doses below 1 kilogray1 (100 kilorad). The study
team attempted to determine the role that irradiation might
play in (1) restoring the volumes of crops that the Basin
countries exported before the EDB han and (2) helping these
countries realize their potential for greatly expanded crop

exports that might be pcssible through the CBI.

STUDY APPROACH

The geographic area of the study was defined to include Cen-
tral America and the Caribbean area, but time and budget
constraints limited the field work to Guatemala, Haiti,
Trinidad, and Barbados. Consequently, this report is based
primarily on secondary sources of data and contacts with
knowledgeable people. Appendix M contains a list of persons

contacted in the Caribbean region during the studyv.

Field work in Guatemala was done from November 27 to
December 15, 1984. Those participating included

Messrs. Sivinski, Jackson, Cavin, Knapp, and Preister. Work
in Haiti was done from January 15 to 19, 1985. Those parti-
cipating included Ms. O'Rourke and Messrs. Sivinski,
Jackson, and Knapp. A study trip to Trinidad was made by
Messrs. Sivinski, Jackson, and Knapp from January 19 to 22,
1985; and Mr. Sivinski visited Barbados on January 22

and 23, 1985. This report is based on information available

at the time of the field visits.

1The units formerly used to measure the effects of
radiation-~-the rad and the rem--have been replaced by the
"gray" and the "sievert," in accordance with the recommenda-
tions of the International Organization for Standardization
(ISO). The units used to measure absorbed dose, the gray
(Gy), corresponds to 100 rad. The units used to measure
the dose equivalent or biological dose of a given exposure,
the sievert (Sv), corresponds to 100 rem.
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Chapter 2
AGRICULTURAL EXPORTS IN THE CARIBBEAN BASIN
BEFORE AND AFTER THE EDB BAN

Agriculture is a critical part of the economies of most
Caribbean Basin countries. Tropical and subtropical fruits
and vegetables are among the principal crops produced. Many
of these fruits and vegetables are important commodities in
international trade. However, marketing of these commod-
ities is often seriously hampered by infestatior of fruit
flies and other insect pests and diseases. Nations that are
free of these pests have strict plant quarantine laws requir-
ing a specific disinfestation treatment by the exporting
nation before produce may be imported. Fumigation with

chemicals is the treatment most widely used for insect pests.

Many of the AID missions in the Caribbean Basin nations have
initiated, or are in the process of initiating, projects to
promote the production of nontraditional fruit and vegetable
crops for export. The largest potential market for most of
these crops is the United States. Most of these crops re-
quire inspection for evidence of pest infestation, or some
type of treatment to meet the plant quarantine requirements
of the importing nation. Prior to the ban on most of its
uses, EDB fumigation was the most common treatment for dis-

infestation of tropical fruits and vegetables.

This chapter contains information about the historic impor-
tance of agriculture to the economy of the Caribbean Basin.
It then describes (1) the effect that the United States kan
on the use of EDB has already had on the Basin's
agricultural export industry, and (2) the probability that
additional crops might be affected by the ban in the near
future, as infestation spreads to new areas of the Basin.
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AGRICULTURAL EXPORTS FROM THE BASIN

Table 1 presents agriculture's share of gross domestic
product (GDP) for selected nations of the Caribbean Basin.
Data for the United States and Mexico are also provided, for
comparison. Except for a few Caribbean economies that are
based on other activities (for example, tourism in Barbados
and Jamaica and natural resources in Jamaica and Trinidad),
agriculture's share of GDP varies between 16 and 40 percent.
By comparison, agriculture accounts for only 10 percent of
the economy of Mexico, which is a more industrialized
country, and only 3 percent of the United States economy.

The importance of agriculture in the Caribbean Basin is even
greater than these numbers might indicate. Agricultural
commodities are both the major provider of foreign exchange
earnings and a principal source of employment., Table 2
shows the foreign-exchange earnings from agriculture by com-
paring agricultural exports with total exports for the coun-
tries under study. Fruit and vegetable exports, the
category most likely to be affected by irradiation techno-
logy, are also presented as a percentage of agricultural

exports.

Within the Central American isthmus, agriculture's share of
foreign exchange earnings dominates all other sectors com-
bined, with a low in Panama of 52 percent and a high in
Nicaragua of 80.9 percent. 1In the Caribbean, the range is
far greater than in Central America, with a low of 2.2 per-
cent for Trinidad and Tobago and a high of 84.5 percent for

Belize.

On first analysis, these figures (Caribbean: 19.2 percent
average; Central America: 68.3 percent average) would lead
one to believe that the Caribbean is far less dependent on

agriculture for foreign exchange earnings than is Central
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Table 1
AGRICULTURE AS A PERCENTAGE OF GROSS DOMESTIC PRODUCT
IN THE CARIBBEAN BASIN

Agriculture as

Caribbean Islands Percent of GDP
Barbados 9
Belize 40
Dominican Republic 19
Haiti 38
Jamaica 8
Trinidad & Tobago : 3

Central America

Costa Rica . 19
El Salvador , 26
Guatemala ' 28 (est.)
Honduras 27
Nicaragqua 25
Panama 16

Other Nations

Mexico 10
United States 3

Source: United Nations. 1981 Statistical Yearbook,
Thirty-Second Issue, Table 29. New York. 1983,




Table 2

1981 EXPORTS FROM SELECTED CARIBBEAN BASIN COUNTRIES

(4)
(2) (3) Fruit and (5)
(L Agricultural Col. 2 Vegetable Col, 4
Total Exports Exports ¢ Col. 1 Exports + Col, 2
Country ($ x 1,000) ($ x 1,000) (Percent) (S x 1,000) (Percent)
Caribbean Islands
Barbados 219,000 41,443 18,9 438 1.1
Belize 74,746 63,170 84,5 no data no data
Dominican Republic 1,198,738 784,707 65.5 30,032a 3.8
Hait{ 180,000 45,833 25,5 4,113 9.0
Jamaica 972,370 127,463 13.1 19,774 15,5
Trinidad 3,275,000 73,196 2.2 4,928 6.7
Caribbean Total 5,920,854 1,135,812 19,2 59,285 5.3
(average) (average)
Central America
Costa Rica 1,011,175 691, 360 b 240,818 34.8
El Salvador 791,920 570,745 72,1 7,053 1.2
Guatemala 1,226,113 769,879 62.8 96,155 12,5
Honduras 804,250 575,910 71,6 232,780 40,4
Nicaragua 500,000 404,493 80.9 9,330 2.3
Panama 316,877 164,726 52.0 75,390 45.8
Central America Total 4,650,335 3,177,131 68.3 661,526 20,8
(average) (average)
o}
Basin Total 10,570,189 4,249,773 40,5 720,811 16.9
(average) (average)
Mexico 19,419,616 1,535,882 7.9 495,955 32,3
United States 22,888,782 4,506,044 19.7 342,072 7.6
a1983 data substituted because of missing information in original source,
Source: United Nations Food and Agricultural Organization. FAO Trade Yearbook. Volume 36,

pp. 321-330.

Rome.

1983,
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America. While this is true for some of the countries, it
is not the case for countries such as the Dominican Republic,
Belize, and Haiti, where agriculture is as important as it

is in Central America.

The ratio of fruit and vegetable exports to total agricul-
tural exports varies greatly in both subregions of the
Basin. This variation appears to be determined by the prin-
cipal or dominant crop upon which each country's agriculture
is based, and whether or not the crop is considered a fruit
or vegetable. For example, bananas--a fruit--are a mainstay
of the agricultural sectors of Costa Rica, Honduras, and
Panama, countries with a nigh fruit and vegetable ratio. On
the other hand, coffze, cotton, andlsugar—~not fruitsc or
vegetables--are predominant in El Salvador; cotton is the
principal export of Nicaragua; and sugar is the principal
export of the Dominican Republic. For all of these latter
countries, fruits and vegetables are a small percentage of

total exports.

In addition to foreign exchange earﬁings, agriculture is
also an important source of employment in the Caribbean Ba-
sin. 1In fact, the percentage of the labor force employed in
agriculture is, in most cases, significantly hisher than the
sector's share of the GDP. This is due to the low capital-
to-labor ratio in agriculture compared to other sectors.
Table 3 shows agriculture's share of each country's labor

force,

EFFECTS OF THE EDB BAN

The agricultural economy of the Caribbean Basin, especially
Lhe export of fruits and vegetables to the United States,
has been seriously affected by the EPA's ban on the use of
EDB as a crop fumigant. Mangoes, which can be treated with
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Table 3
PERCENTAGE OF CARIBBEAN BASIN LABOR
FORCE EMPLOYEL IN AGRICULTURE

Percent of Labor
Force Employed
Country in Agriculture

Caribbean Islands

Barbados no data
Belize 38
Dominican Republic 49
Haiti 74
Jamaica 35
Trinidad and Tobago _10
Caribbean Average 41

Central America

Costa Rica : ) 29

El Salvador _ 50
Guatemala 55
Honduras 63
Nicaragua 39
Panama 33
Central American Average 45
Mexico 36
United States 2

Source: World Bank. World Development Report, 1984. Oxford
Press. 1984, Table 21.
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EDB until September 1, 1985, are the largest single U.S.-
imported agricultural commodity fumigated with EDB. Over
37,000 tonnes1 of mangoes are imported into the continental

U.S5. each year (see Appendix D).

ECONOMIC IMPACT OF THE BAN

The economic impact addressed below refers specifically to
that which could be quantified under this study--the value
of crops exported to the United States in 1984 that are
affected by the EDB ban. No attempt has been made to gauge
other potential impacts (health, social, and environmental)
in the Basin, nor has any attempt been made to address the
ban's impact on the United States.

As Table 4 demonstrates, the ban has a greater potential
effect on fruit and vegetable exports from the Caribbean
nations than on exports of these crops from Central America.
The table shows that the Caribbean nations of Jamaica,
Haiti, and the Dominican Republic exported 10 times the
value of EDB-ban-affected fruits and vegetables than did
Central America. Furthermore, the Caribbean nations are far
more dependent on these crops to support their agriculture.
This is demonstrated by the subtotals shown in the second
column, which shc.: that the value of affected crops is a far
more significant portion of total agricultural exports for
the Caribbean nations than for Central America. Table 4
also shows the dramatic effect of the EDB ban on Haiti,
where 8 percent of agricultural exports and 88 percent of

fruit and vegetable exports are affected by the ban.

As Table 3 indicates, agriculture provides income for a
large percentage of the labor force of most countries. Be-
cause of the limits on this study, and the few countries

1One tonne equals one metric ton or 1,000 kilogram.
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Table 4
VALUES OF RECENT EXPORTS JTENTIALLY AFFFCTED BY EDB BAN

1984 Value of
United States Value Affected Value Affected

Imports by Ban as a % by Ban as a 2
Affected by of 1981 Total of 1981 Fruit
EDB Ban Agriculture and Vegetable
Country ($ x 1,000) Exports Exports
Caribbean Islands
Barbados 0 0 0
Belize 291 0.5 n.d.
Dominican Republic 2,118 2.7 7.0
Haiti 3,639 7.9 87.8
Jamaica 2,230 1.7 11.3
Trinidad 5 neg. 0.1
Caribbean Total 8,283 0.8 14.0
(917 of Basin) (average) (average)
Central America
Costa Rica 92 0.01 0.04
El Salvador 188 0.03 2,70
Guatemala 412 0.05 0.43
Honduras 0 0 0
Nicaragua 0 0 0
Panama 128 0.08 0.17
Central America Total 820 0.02 0.17
(92 of Basin) (average) (average)
Basin Total 9,103 0.21 1.26
(100%Z of Basin) (average) (average)
Mexico 26,639 1.70 5.40

Note: Statistical records were not available for all data for all years.
This table compares 1981 agricultural and fruit and vegetable
exports with the 1983-84 U.S. agricultural imports affected by the
EDB ban. Although the figures being compared have different data
bases, the comparative analysis between countries is still valid.
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visited, it was impossible to calculate the percentage of
each country's labor force affected by the EDB ban. However,
a dramatic example of the ban's effect on employment was
found in Haiti, where 74 percent of the labor force is
employed in agriculture, and where 90 percent of the fresh
mango export market will be lost when the complete EDB ban
takes place on September 1, 1985, if no alternative for EDB
fumigation is available. In this "worst case" situation,
over 5 percent of Haiti's cash income could be lost. (A
detailed description of the role of mango production in the

Haitian economy is in Appendix K.)

CROP TYPES AND VOLUMES NOW AFFECTED BY THE BAN

As the preceding information indicates, the EDB ban has al-
ready had a significant effect on the economies of the Car-
ibbean Basin. Table 5 lists by country the total 1981
domestic production of ban-affected crops that are economi-
cally important to the region, including citrus, mangoes,
papayas, yams, and okra.l The table also reveals other
facts about the ban and the nature of agriculture in the

Caribbean Basin:

o The Caribbean out-produces Central America in EDB-
ban-affected crops by a ratio of 2:1 (67 to 33 per-
cent). This production ratio is significantly
iower than the 10:1 ratio in which the exports
were affected by the ban (Table 4) because the

1Packers and shippers are currently able to use methyl bro-
mide in thc case of yams and okra. These cxops therefore
were not greatly affected by the ban. Nevertheless, methyl
bromide could be banned, or its use severely restricted, in
the near future, which will greatly affect yam and okra im-
ports. These crops are, therefore, included here to show
the full impact of the banning process and the potential
for food irradiation technology.
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Table 5
1981 TOTAL PRODUCTION OF SELECTED CROPS BY COUNTRY

Crop Production
(tonnes x 1,000)

Tanger-

ines &

Mandar- Grape~ Misc. a b . Total

Country Oranges ines fruit Citrus Mangoes Papayas Yama Okra Volume

Caribbean lslands
Belize 37 - 22 - - - 17 6 82
Dominican Republic 72 - 3 - 180 9 349 249 862
Haitdi 30 9 11 - 335 - 691 288 1,364
Jzmaica 27 4 29 - 4 3 223 84 374
Trinidad 3 = b 3 - - 23 3 66
Caribbean Total 169 13 69 3 519 12 1,303 660 2,748
% of Basin 34 87 100 k] 91 71 84 53 67
Central America
Costa Rica 76 -- - - - 3 46 58 183
El Salvador 98 2 - - 14 2 31 98 245
Guatemala - - - 92 - - 45 265 402
Honduras 28 - - 16 13 - 18 87 162
Nicaraguo 53 ~-- - - - - 28 46 127
Panama L) == = = 26 bt J1 39 -
Central America Total 324 2 - 108 53 5 245 593 1,330
2 of Basin 66 13 - 97 9 29 16 47 1
Caribbean Basin Total 493 15 69 111 572 17 1,548 -~ 1,253 4,078
Z of World Production 1.3 0.2 1.6 12.2 4,3 0.9 0.3 0.4 0.4
Mexico 1,600 120 163 - 620 322 984 3,840 7,649
% of World Production 4.3 1.7 3.7 - 4.6 17.0 0.2 1.1 0.8
U.S.A. 9,547 564 2,503 ~- - 43 15,711 24,868 53,236
Z of World Production 25.4 8.0 56,2 - - 2,3 2.8 7.1 5.4
Worldwide 37,544 7,046 4,450 913 13,444 1,891 561,567 351,961 978,816

ﬂPapuya exports from the Caribbean islands are currently permitted into the United States mainland uithout
funigetion. This could be a temporary uitvation, however, and papaya exports from this region have been included
to rellect the probahility that fumigation will soon be required.

bDetliled figures for yams and okra werc not available. The more general data categories of root crope end
vegetables/melons wore therefore used as proxies to represant yams end okra, reepectively. While somevhat out
of proportion to tha other crop data, it is the intention of this presentation to demonstrate the relative pro-
ductien levels throughout the region. Packers and shippers are currently able to use methyl bromide in the
case of yams and okra. These crops were not therefore greatly affected by the ban. Nevertheless, wethyl
bromide could be banned, or its use severely reatricted, in the near future, which will groatly affect yam and
okra imports. These crops sre, therefore, included here to show the full impact of the banning process and the
potential for food irradiation technology.

Source: Author calculations from the FAO Production Yearbook, Volume 35, Food and Agricultural Organization of
the United Nations. Rome, 1982, pp. 109-144,
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Caribbean exports a largcr percentage of its EDB-
ban-affected crops than Central America. This
difference is likely due to the higher population
densities and more developed internal markets in

the Central American countries.

o The Basin countries together produced only 0.4 per-
cent of the world's production of the ban-affected
crops, and Mexico produced double that, at 0.8 per-
cent of world prodaction. This information sug-
gests that the Caribbean Basin is far from being
the only part of the world where the agricultural
economy has suffered because of the ban.

o No one country produces all of the ban-affected
crops. This diversity suggests that individual
Basin countries or regions would benefit from a
replacement for EDB that could economically treat
a variety of crops at a central facility. 2s de-
scribed later in this report, irradiation might
offer this opportunity.

CROPS POTENTIALLY AFFECTED BY THE BAN

The eight ban-affected crops in Table 5 are only a small
fraction of the many types of fruits and vegetables from
Central America and the Caribbean that are now permitted
into the United States. Appendix A contains a tabular de-
scription of the commodities for which quarantine treatment

is either required or not required at this time.

The crops in greatest need of an alternative to EDB fumiga~
tion are those currently exported in the largest volumes to
the United States: citrus, mangoes, and papayas. A number
of nontraditional tropical fruits are also coming into pro-
duction in various Caribbean nations with the sole aim of
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penetrating the U.S. market. These fruits include guava
(Psidium guajava), carambola (Averrhoa carambola), anona

(Annona sp.), mamey sapote (Calocarpum Sp.), sour sop
(Annona muricata), persimmons (Diaspyros kaki), and
grenadilla (Passiflora edulis). Prior to entry into the

U.5. market, effective quarantine treatments must be
developed. Future increases in consumption and export of
these nontraditional fruits cannot be predicted at this

time.

In general, the commodities that do not require treatment
are those not infested by fruit flies or other pests or dis-
eases. For some that require treatment, alternatives to EDB
are available. However, some alternatives are not desirable
and will be used only until more suitable treatments become
available. For example, use of methyl bromide (MBr), which
is the second most popular fumigant for tropical fruits and
vegetables,; may soon be curtailed. Research on its carcino-
genicity is under way in several countries, and Canada is

considering a ban on its use.

Although Appendix A shows that a large number of Basin crops
now require no treatment before entering the United States,
evidence indicates that many of these crops could be
infested in the near future. The ease and speed of transit
of people and products throughout the worid and the result-
ant boom in passenger and cargo traffic pose an ever-
increasing threat of invasion of exotic pests into areas

long thought to be safe from their introduction.

As passenger travel continues to climb, new and innovative
ways are being developed to speed movement through immigra-
tion, public health, and customs clearances, and through

agricultural quarchtines. One such system, "red door-green
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door,"1 initiated in Europe, is gaining acceptance in much
of the world, to the chagrin of agricultural quarantine in-
spectors. Historically, a high percentage of new introduc-
tions of plant and animal pests have arrived concealed in
passenger baggage. The red door-green door system essen-
tially eliminates inspection, relying almost entirely on the
integrity of the passenger to declare any animal and plant
products. Experience indicates the unreliability of the

passenger to do so.

The recent detection of the mango seed weevil, Sternochetus

mangiferae, in St. Lucia and Martinique points up this dan-

ger. This is the first record of its presence in the West-
ern Hemisphere outside of Hawaii. If allowed to spread,
this pest could seriously affect the quality and marketabil-
ity of mangoes from the Caribbean Basin. Although repeated
pesticide applications can help reduce the infection, the
kill is not complete since the chemicals cannot reach the
seed of the mango where much of the life cycle of the insect
occurs. Irradiation is the only known technology that can

provide quarantine security.

When assessing the effect of the EDB ban on a nation's econ-
omy, particularly as it affects agricultural exports, pres-
ent as well as probable future losses must be considered.

As an example, the EDB ban prevents Caribbean Basin nations
from exporting mangoes fumigated with EDB to the United
States. This is an immediate loss. But even with the ban
on EDB, these nations can continue to market melons and
other cucurbits in the United States because they are not
considered to be hosts of the fruit flies currently estab-
lished. However, the Caribbean Basin nations are threatened

1Pass through red door if passenger has items to declare;
pass through green door if passenger has no items to
declare.
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daily by the arrival of the melon fly, Dacus cucurbitae,

present in much of the world outside the Western
Hemisphere.1 Northern South America also has another fruit
fly, Anastrepha grandis, which also attacks cucurbits. 1In

the past, even if these flies had become established in the
Caribbean Basin, EDB fumigation would have allowed continued
exports of melons and other cucurbits to the United States.

Without EDB and with no effective alternative available,
establishment of either of these two pests in the Caribbean
Basin could effectively eliminate the export market for

cucurbits.

1 . . . .
Dacus cucurbitae currently exists in Hawaii and has been
found and eliminated one or more times in California.
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Chapter 3
POSSIBILITIES FOR CROP EXPORT EXPANSION

Irradiation as a replacement for EDB and other undesirable
treatment methods can help Basin growers expand their export
of crops to the United States. As an agricultural export
stimulant, irradiation could play a part both in repairing
the economic damage done by the EDB ban and in helping the
Basin attain the agricultural development goals set forth in
the CBI.

This chapter contains a discussion ot the potential for
growth in the supply of, and demand for, Caribbean Basin
export crops. It begins with a discussion of specific fruit
and vegetable crops that could benefit from irradiation
treatment. It also describes other aspects of Basin agri-
culture that, in conjunction with irradiation treatment,
could contribute to the growth of the Basin's fruit and veg~
etable export industry. The chapter concludes with a dis-
cussion of market development in the United States, where
potential demand for Basin produce is greatest.

EXAMPLES OF EXPORT CROPS THAT MIGHT BENEFIT FROM IRRADIATION

In many cases, quarantine treatments, which may pose a toxic
threat or damage the produce and make it unsuitable for
export, could be replaced by irradiation. (See Pppendix A
for the crops that research indicates are amenable to irra-
diation.) Of the export crops that are affected by the EDB
ban, irradiation has been shown to be generally effective
for citrus fruits and mangoes. However, there is an emerg-
ing market for other fruits and vegetables in the United
States. Many of these crops, such as tomatoes, bell pep-
pers, eggplant, and avocados, are also potential candidates
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for irradiation. Additional research will be needed, how-
ever, to more fully verify these applications.

Avocado seed weevils prevent the exportation of avocados
from Central America. Fumigants that have been effective
against these weevils, such as MBr, also severely damage the
fruit and make it unmarketable. Caribbean island nations
have so far remained free of these weevils. This has al-
lowed them to market avocados in the United States. How-
ever, the area suitable for avocado production in the
Caribbean islands is small so production is limited. The
potential for avocado production in Central America is much
greater, but there has been little or no effort to plant
new, improved varieties of avocados for export because of
unsuitable treatment for the avocado seed weevil. Although
avocados are not highly tolerant to irradiation, they may
withstand levels sufficient to prevent reproduction of the

avocado seed weevils.

Tomatoes from Central America can enter only northern U,S.
markets because of the possibility that they could harbor
the Mediterranean fruit fly (Ceratitis capitata). More
favorable hosts of the fruit fly, such as bell peppers and
edggplant, are banned completely from entry anywhere in the
United States. Fumigants effective against the Mediter-
ranean fruit fly cannot be used on these products because of
the damage they cause. Even though Central American nations
can export tomatoes to the United States, they must be
transported to the northern U.S. markets by ship or air.
Transportation by truck or rail via southern U.S. routes

from the Central American nations to the northern U.S. mar-
kets is prohibited. However, since Mexico does not have the
Mediterranean fruit fly problem, it is permitted to trans-
port these commodities by truck or rail. Thus, on a cost-of-
transportation basis, the Central American nations are not

competitive with Mexico. The ability to export these prod-
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ucts to the United States through southern ports would be a
boon to Central American agriculture. Irradiation at
southern U.S. ports is inappropriate because of the hazard
of pest escape and establishment prior to treatment. Irra-
diation within the producer country would allow entry of
these products into southern U.S. ports, reducing trans-
portation time and costs and allowing the products to become

more competitive.

Appendix A contains a list of major fruit and vegetable
crops in commercial production in the Basin and identifies
those currently affected by the EDB ban, those that can be
treated by other methods, and those believed to be amenable
to irradiation. 1In addition to these crops, there are many
other fruits and vegetables that offer commercial possibil-
ities. Many of these commodities are hosts to fruit flies
that damage important crops and would therefore be subject
to plant quarantine and treatment. Appendix B identifies
these crops by scientific name and the particular fruit
flies for which they are hosts. Many, if not all, of these
commodities may also be amenable to irradiation. Of the six
fruit flies listed, only Anastrepha obliqua is a problem in
the Caribbean islands. The other principal fruit fly in the
Caribbean islands, Anastrepha suspensa, is firmly estab-
lished in Florida and is therefore considered to be of

quarantine significance only in states such as Louisiana,

Texas, Arizona, California, and Hawaii.

TRENDS TOWARD CROP DIVERSIFICATICN

In the last decade, the countries of Central America and the
Caribbean have begun a process of crop diversification in
response to market, government, and donor incentives., While
the majority of countries in the region depend on one or
only a few crops (e.g., Farbados, Belize, and Dominican

Republic--sugar; El Salvador--coffee; Honduras and Costa
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Rica--bananas; Nicaragua and El Salvador--cotton), most pro-
duce a wide variety of nontraditional crops for local con-
sumption as well as for export. This tendency is best
demonstrated in Guatemala, where the switch in the Western
Highlands from basic grains (wheat, barley, and corn) to
snow peas and plants of the Brassica sp. has been consi-

derable.

It appears that, contrary to popular belief, farmers and
exporters in both Guatemala and Haiti are responsive to
price incentives, both in terms of the quantities and the
crop mixes cultivated. For example, before the mid-1970's
almost no snow peas, broccoli, or brussels sprouts were
grown in the Western Highlands of Guatemala. Toward the end
of the decade, however, several U.S. commodities brokers
became interested in Guatemala as a site for the production
of these crops during the winter months. Some of these bro-
kers joined with local processors and exporters to oversee
operations and, in many cases, to provide technical assist-
ance and some advice for the growing of these crops. By the
beginning of the 1980's, farmer response to the growing of
these crops had increased significantly because of the rela-
tively higher prices that could be received compared to

their traditional crops of corn, beans, and wheat.

Though no data are available concerning the amount of land
that has been converted to the production of these nontradi-
tional crops, it is thought to be quite large. This change
in crops suggests that potential crop volumes are far more
an issue of market availability than technical production
potentials. This was summed up by the almost universal
response to the questions asked of farmers and exporters
concerning the potential for the expansion of nontraditional
exports: "If we can be assured of a secure and profitable

market we can grow anything!"
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While this can be affirmed only for Guatemala, the exper-
ience of the study team in other countries of the region
confirms the view that farmers and exporters will respond to
commodity, quality, and price considerations imposed by the
importing countries and, furthermore, that the potential
volumes of nontraditional exports (especially those affected
by the ban) are substantially higher than current export

figures demonstrate.

When an attempt was made to calculate the increased volume
of crop exports that might be stimulated by irradiation
treatment in combination with other export promotion activi-
ties, it was not possible to obtain the data needed for
accurate estimates. (A description of the estimation tech-
niques investigated is in Appendix C.) However, on the
basis of discussions with the agricultural industry the
study team believes that there is a significant potential
for expansion of nontraditional export crops that are

amenable to irradiation technology.

OPPORTUNITIES PRESENTED BY THE BASIN'S CROP PRODUCTION CYCLE

The marketing of nontraditional crops depends greatly on the
farmers' and shippers' ability to meet specific "market win-
dows" in between the production cycles of other countries or
regions. This means that the region's export commodities
are produced in ecological zones that provide appropriate
climates or that can be modified to do so, such as through

irrigation.

The Basin countries all have climates suitable for warm-
season fruits and vegetables. Their production cycle is
determined in large part by the rainy seasons or by the pro-
vision of irrigation systems. With cooler-season crops, the
determining factors also appear to be rainfall and, there-

fore, irrigation. In this case, altitude also plays an

51


http:descripti.on

important role. Countries with highlands, such as Guate-
mala, the Dominican Republic, and Costa Rica, can grow a far
wider variety of crops than can other countries with less
diverse climates. T[Figure 1 shows the harvest seasons of
some of the Basin's major fruit and vegetable crops. As the
figure illustrates, harvesting occurs year~round. These
harvest patterns could provide numerous "market windows" for
Basin produce and could also provide a year-round supply of

commecdities for irradiation treatment.

CHANGES IN MARKET AWARENESS

In the past, Basin growers and exporters have believed that
if agricultural commodiiies can be produced they can be
sold. This attitude has recently shifted, however, to one
of either producing for a specific market or developing mar-
kets before production begins. The developing naticns of:
the Basin have become more market-conscious over the past

decade.

Part of this market orientation includes the developnent of
relationships with produce brokers, or middlemen, in the
importing countries. These brokers, often called channel
captains, are important to the marxeting process since they
not only take charge of the produce once it reaches the
country of destination, but also provide the shippers and
growers with valuable information about product specifica-
tions, the quantities desired, price fluctuations, and the

seasonality of the marketplace.

IMPORTANCE OF THE UNITED STATES MARKET

In looking at the markets for the nontraditional agricul-
tural exports of the Caribbean Basin countries, it is help-
ful to consider three market categcries: the region, the
U.S., and all others. For the purposes of this analysis,
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JAN | FEB [MAR| APR {MAY | JUN | JuL |AUG| SEP | OCT |NOV | DEC

Sweet Orange
Tangerine

Grapefruit
Mango *
Guava

Peach
Zapote Mamey M

White Zapote

Anona

Loquat

Rose Apple
Cashew Apple
Nanche

Tropical
Almond

Papaya

Tomato

Pepper

* Chemicals are available that bring Mango into
flowering for year-round production potential.

Figure 1

HARVEST SEASONS FOR SELECTED
.ARIBBEAN BASIN EXPORT CROPS
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primary attention has been given to Basin exports into the
mainland United States. This market is fairly well docu-
mented because of monitoring by the Foreign Agricultural
Service (FAS) and the Animal Plant Health Inspection Service
(APHIS), both part of the U.S. Department of Agriculture
(USDA) . This market has also been most affected by the EDB

ban.

The countries of the Caribbean region depend on the U.S. as
the market for the vast majority of their exportable agri-
cultural commodities; in return, the U.S. often depends on
them fov significant percentages of their fresh fruits and
vegetables. Food processors in the United States are inter-
ested in a dependable supply of these commodities to meet
seasonal needs and to serve the emerging market for tropical
fruits, such as mango and papaya. Table 6 lists U.S.
imports of EDB-ban-affected commodities from Basin countries
as a percentage of the total value of imports of those com-

modities.

As can he seen from Table 6, Mexico currently supplies the
bulk of U.S.-imported commodities affected by the ban. 1In
most cases, however, the Basin countries take up the slack
when either Mexican production is not up to the U.S. demand
or when there are specific "windows of opportunity" around
the Mexican production cycle. Other opportunities exist
when the U.S. domestic production of certain commodities
falters, such as in the recent case of citrus canker being
found in Florida that greatly stimulated the import of Basin

citrus.

The non-U.S. and nonregional markcts were considered for
review under this study; however, it was found that these
markets were minor tor the countries and commodities under
study. For example, when asked why a greater percentage of
exported produce was not sent to Europe, shippers cited the
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Table 6
1984 U.S. IMPORTS OF SELECTED COMMODITIES
FROM BASIN COUNTRIES

Fraction of

Exporting U.S, Import Volume Value of U.S.
Crops Countries Value ($ x 1,000) (tonnes x 1,000) Imports (%)
Oranges Dominican Republic 794 3.1 9.7
Jamaica 98 0.5 1.2
Basin Total 892 3.6 10.9
Mexico 1,435 7.2 17.6
Total U.S. Imports 8,165 20.2 100.0
Mandarines Dominican Republic 10 neg. 0.4
and
Tangerines Basin Total 10 neg. 0.4
Mexico 1,548 7.3 63.9
Total U.S. Imports 2,422 8.5 100.0
Lemons and Bahamas 242 3.3 3.6
Limes Honduras 222 0.5 3.3
Haiti 63 0.1 0.9
Dominican Republic 60 0.2 0.9
El Salvador 46 0.05 0.7
Guatenala 16 0.04 0.2
Costa Rica 10 0.05 0.1
Belize 8 neg. 0.1
Basin Total 667 4,2 9.9
Mexico 3,085 18.3 45,9
Total U.S. Imports 6,724 28.2 100.0
Grapefruit Bahamas 64 1.0 13.9
Haiti 19 neg. 4.1
Leeward/Windward 7 neg. 1.5
Island
Dominican Republic 4 neg. 0.9
Basin Total 94 1.0 20.4
Mexico 340 2.0 73.6
Total U.S. Imports 463 3.0 100.0
Citrus, NSP Jamaica 190 0.4 90.0
Dominican Republic 10 neg. 4.7
Basin Total 200 0.4 94.7
Mexico 2 neg. 0.9
Total U.S. Imports 211 0.4 100.0
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Table 6
(continued)

Fraction of

Exporting U.S. Import Volume Value of U.S.
Crops Countries Value ($ x 1,000) (tonnes x 1,000) Imports (%)
Papaya Bahamas 365 0.7 46.0
Jamaica 27 neg. 3.4
El Salvador 14 neg. 1.8
Dominican Republic 11 neg. 1.4
Haiti 7 neg. 0.9
Costa Rica 4 neg. 0.5
Basin Total 428 0.8 54,0
Mexico 341 1.0 43,0
Total U.S. Imports 793 1.9 100.0
Mangoes Haiti 3,718 7.0 16.8
Belize 290 neg. 1.3
Dominican Republic 53 neg. 0.2
Basin Total 4,061 7.0 18.3
Mexico 17,662 29.0 79.7
Total U.S. Imports 22,170 37.0 100.0
Yams Jamnaica 1,992 3.0 35.8
Dominican Republic 195 neg. 3.6
Costa Rica 83 neg. 1.5
Basin Total 2,270 3.0 40.9
Total U.S. Imports 5,364 9.5 100.0
Okra Guatemala 484 0.7 10.4
El Salvador 190 0.2 4,1
Panama 128 neg. 2.8
Jamaica 46 neg. 1.0
Basin Total 848 0.9 18.3
Mexico 3,736 19.2 80.6
Total U.S. Imports 4,634 20.4 100.0
Source: USDA/FAS data printout, U.S, Imports, 1984, By country of origin,

February 7, 1985.
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current high value of the dollar (making the exports of
Basin countries whose currencies are tied to the U.S. dollar
more expensive relative to other exporters) and high trans-
portation costs. The value of the dollar can be expected to
remain high for the foreseeable future. High transportation
costs can only be cushioned through greatly increased vol-
umes that will reduce per unit costs. Therefore, non-U.S.
and nonregional markets were not considered during this

study.

Intra-regional trade was also not considered, basically be-
cause of a lack of available data. Field data were col-
lected only in Guatemala and Haiti, and this type of infor-
mation is not tracked by the USDA. Although the volumes are
significant four certain crops, it is not thought that this
trade would be greatly affected by any quarantine or fumi-
gant ban, and therefore would not be amenable to irradiation

technology.

Table 7 summarizes the EDB-ban-affected exports to the U,S.
from the Basin countries and additional commodities produced
in the region, all of which are amenable to irradiation

treatment.

Data for Table 7 were originally gathered from two sources:
USDA records for U.S. imports of the commodities in question
and Ministry of Agriculture data from the various countries
(Belize, Guatemala, and Haiti) concerning exports of those
ccmmodities to the U.S. When these two data sources were
compared, it was found that they often disagreed. For
example, it was found that what Guatemala considers as
exports to the U.S. are not always considered imports into
the U.S. by the USDA. This is because of commodities that
are transshipped through the U.S. to other countries by U.S.
produce brokers. When produce leaves Guatemala destined for
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Table 7
POTENTIALLY IRRADIABLE U.S. AGRICULTURAL IMPORTS
BY COUNTRY OF ORIGIN

Value of Commodities ($ x 1,000)

Additional Total Current
Commodities Commodities U.S. Imports
Affected by with Potential with Potential
Countries EDB Ban for Irradiation for Irradiation
Caribbean
Bahamas 238 3,042 3,280
Barbados - 29 29
Belize 291 79 370
Bermuda - 41 41
Dominican Republic 2,119 22,293 24,412
Haiti 3,652 2,331 5,983
Jamaica 2,230 4,397 6,627
Lee/Windward Islands - 109 109
Trinidad and Tobago 5 78 83
Caribbean Subtotals 8,535 (91%) 32,399 (7%) 40,934 (8%2)
Central America
Costa Rica 91 184,950 185,041
El Salvador 188 711 899
Guatemala 413 43,750 44,163
Honduras —— 138,469 138,469
Nicaragua - 21,263 21,263
Panama 128 51,376 51,504
Central American
Subotals 820 (9%) 440,519 (93%) 441,339 (92%)

Caribbean Basin Totals 9,355 (100%) 472,918 (100Z) 482,273 (100%)

Mexico 20,717 584,478 605,195

Source: USDA/FAS. Data Base Printout for U.S. Agricultural Imports,
1/25/85.

Note: Data are for fresh product only; selected commodities for 1983/84.
See Appendix D for the commodities included in each cclumn.
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New York, for example, it counts as an export for the pur-
poses of Guatemalan statistics. If, however, once it has
reached New York a produce buyer decides to send the ship-
ment "in bond" (not inspect=d, fumigated, or otherwise sub-
jected to quarantine requirements, but nevertheless sealed
until reaching its final destination) to Canada, it does not
count as a U.S. import. For continuity, the USDA statistics
are used throughout this study, since Ministry-level data
were only available for the countries mentioned, whereas
USDA data were available for all countries under considera-

tion.

Table 7 presents data for fresh produce only; frozen,
juiced, dried, or otherwise prepared commodities are not
included. The value of the EDB-ban-affected crops is
derived from Appendix D, which presents U.S. imports from
the Basin countries for several types of citrus fruit, as
well as mangoes, papayas, yams, and okra. The additional
commodities were selected because of their potential to be
irradiated to increase shelf life, inhibit sprouting, or
otherwise comply with current quarantine requlations. This
list of potentially irradiable commodities does not include
such foods as grains and pork that could also be processed

through an irradiation facility.

The island nations of Jamaica, Haiti, and the Dominican
Republic have been affected to a far greater degree by the
EDB ban than has Central America. However, 1984 U.S. im-
ports and production volumes in these countries indicate
that the greatest potential for the use of food irradiation
technology lies in Central America. Even if bananas from
Honduras and Costa Rica are discounted, each Central Ameri-
can country, with the exceptions of El Salvador and Nicara-
gua, produces volumes of potentially irradiable crops that
are greater than the entire volume produced in the Caribbean

subregion.

59



Mexico offers an interesting comparison. It exports an
enormous volume of crops that are potentially irradiable,
but the CBI nations' total volume is of comparable size.
When irradiated foodstuffs are permitted into the United
States, the countries with the technology might have a tre-
mendous market advantage over those without it. Since it
appears that various public- and private-sector entities in
Mexico are examining the feasibility of food irradiation, it
is conceivable that the CBI nations could lose a consider-
able portion of their market share if they do not have the
technology available.
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Chapter 4
IRRADIATION TECHNOILOGY IN THE TREATMENT OF FOOD

This chapter begins with a comparison of irradiation and
other quarantine treatment methods that are under investiga-
tion as replacements for EDB. It then presents detailed
information about (1) the regulatory history of irradiation,
(2) its current acceptability as a treatment method, and

(3) the design and operation of an irradiation plant. The
comparison of quarantine treatments and highlighting of
irradiation technology is intended as a brief summary of
alternative technologies. No recommendation about the best
alternative treatment for a specific aéplication is given.

A summary table of the alternative treatment methods, their
good and bad points, and their current status is presented

in Appendix E.

ALTERNATIVE METHODS OF QUARANTINE TREATMENT

Some alternatives to EDB are already approved as quarantine
treatments for tropical fruits and vegetables cntering the
United States. These include vapor heat treatment, refrig-
eration, and, in some cases, the substitution of MBr fumiga-
tion for EDB. Generally, however, because these treatments
have serious drawbacks, they are considered only temporary

solutions to the problem of finding a replacement for EDB.

Nine of the principal methods under investigation by agen-
cies such as AID and USDA are summarized below. These are
irradiation, forced air flushing following EDB fumiéation,
double hot water dips, refrigeration, low-dose fumigation

plus refrigeration, other fumigation, low-dose fumigation

plus hot water dips, insect growth requlators, and eradi-

cation. The most promising of these are evaluated in more
detail, along with EDB, in Appendix E.
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IRRADIATION

Although irradiation is an approved treatment for a wide
variety of food products in European countries and in many
other nations throughout the world, its approved uses in the
United States are limited. There is evidence, however, that
approval for use at levels necessary to prevent reproduction
in most destructive insects will soon be forthcoming (see
Chapter 5). 1Irradiation is more versatile than the other
possible alternatives to EDB. It can be adapted for plant
quarantine to eliminate pests or pest reproduction in food
crops and general cargo; for the disinfestation of nursery
cuttings, plantings, and cut flowers; and for the decontami-
nation of meat products and animal byproducts (such as hides
and skins). It can be used to disinfect animal feed and
hospital equipment and supplies; inhibit sprouting in pota-
toes, onions, and garlic; prolong the shelf-life of some
food crops; and eliminate or reduce pathogens in food pro-
ducts. Following irradiation, pProvision must also be made
to safeguard against reinfestation.

Although the initial cost of establishing a commercial food
irradiation facility is high, the operational and mainten-
ance expenses are generally low, depending on the volume of
food processed. It should compare favorably to the cost of
other alternative treatments (see Appendix E). 1Its use
would eliminate many problems associated with fumigation,
such as the residue problems associated with exhausting
fumigants into the atmosphere following fumigation, residues
remaining in or on the food products of the consuming
public, worker exposure, and the disposal of empty pesticide

containers.
The United States currently uses Probit 9 mortality (32 sur-

vivors per million pests) as the minimum acceptable level of
disinfestation. Irradiation levels necessary to ohtain mor-
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tality at all insect stages will moderately or severely
damage some fruits and vegetables. Most fruits and vege-
tables are tolerant of irradiation levels sufficient to pre-
vent insect reproduction. However, since most nationg'
Plant quarantine requlations specify the complete-mcrtality
level of treatment, these requlations should be changed to
the reproduction-prevention standard (sterilization rather
than mortality) so that irradiation as a plant gquarantine
treatment can be more quickly accepted.

FORCED AIR FLUSHING OF FUMIGATION CHAMBERS FOLLOWING EDB
FUMIGATION

Research being conducted in Haiti has shown a definite
lowering of residues of EDB in mangoes by forcing large
volumes of air into the chamber following fumigation, to
evacuate the gas more quickly. However, the present
30-parts-per-billion limit for EDB in mangoes established by
EPA will drop to zero in September 1985. At best, it ie a
short-lived alternative to the present EDB problem, but
could have application in the future with other types of

fumigants.

DOUBLE HOT WATER DIP TREATMENT

The first hot water dip treatment [42°C (108°F) for

40 minutes] is a conditioning treatment for the fruit prior
to reaching the higher water temperature level [49°C (120°F)
for 20 minutes) necessary for fruit fly egg and larval mor-
tality. This treatment has been approved for papaya from
Hawaii to the continental United States. The approval is
for the Solo variety of papaya only, papaya less than ap-
proximately one pound in weight, and those harvested when
they are less than one-quarter ripe., According to Steven H.
Saul, Associate Researcher in the Department of Entomology

at the University of Hawaii, there is an approximately
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20-percent loss from internal rot in spite of the precondi-
tioning of the fruits. The treatment may also produce
mottling or lumpy spots internally. It is energy-intensive
and, therefore, expensive compared to fumigation. It also
requires the use of expensive colorimetric instruments for
degree-of-ripeness determination and controls for water tem-

perature.

REFRIGERATION

Because it usually takes 11 to 22 days at temperatures near
freezing, refrigeration treatment normally is conducted on
shipboard. This treatment is principally used where there
is a long transit time between nation of origin and market.
Instead of ships, cold room facilities within the producing
country can be appr 7ed. Refrigeration is energy-intensive,
however, and warehousing costs can be significant. Also, in
commercial application of this technique, it has proved
difficult to maintain low temperatures with a concommitant
high humidity. For example, shipment of grapefruit to Japan
using refrigeration quarantine treatment has resulted in

se eral million dollars of lost commodity. To prevent
future losses, grapefruit is now preconditioned at 16°C
(60°F) for 7 days prior to refrigeration at near-freezing
temperatures. In addition, the shelf-life of many fruits
and vegetables is too short for this treatment, and some
products cannot withstand the low temperatures. Most tro-
pical fruits are chill-injury sensitive so refrigeration
temperature regimes for quarantine security are not pos-
sible. Treatment is thus limited to such products as

apples, pears, grapes, and some varieties of citrus.

LOW-DOSE FUMIGATION PLUS REFRIGERATION

Since refrigeration alone takes from 11 to 22 days at tem-
peratures of 0°C to 2°C (32°F to 35°F), it is not a suitable
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treatment for most varieties of tropical fruits. Most tro-
pical fruits are also badly damaged by the concentrations of
MBr fumigant now required for quarantine compliance. Thus,
modified temperature requirements in combination with much

lower doses of MBr or magnesium phosphide hold some promise.

OTHER FUMIGANTS

Methyl bromide and aluminum and magnesium phosphide may be
applicable as fumigants for certain crops. Aluminum phos-
phide is applicable to fumigation of grain and other stored
products but can damage many perichable crops. Methyl bro-
mide is under investigation as to possible carcinogenicity.
Ethylene oxide, carbon disulfide, hydrogen cyanide, and
other fumigants tested to date, both singly or in combina-
tions, do not look promising because of lack of efficacy,

toxic residues, or toxic hazard to personnel.

Methyl Bromide

Methyl bromide (MBr) fumigation has received approval for
citrus fumigation as a substitute for EDB. Commercial fumi-
gation of citrus with MBr in Mexico caused little or no
damage to grapefruit and tangerines. One thousand tonnes of
early oranges, however, were so severely damaged that they
could not be marketed as fresh fruit. Tnis problem limits
MBr's treatment use. The dosage must be increased as the
temperature decreases. Tolerance to MBr fumigation varies
by crop and variety and the temperature at which fumigation

is conducted.

Aluminum and Magnesium Phocphide

Aluminum and magnesium phosphide have long been used as
stored products fumigants, but have received little or no

consideration on tropical fruits because of the increased
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fruit decay and the relatively long fumigation time (3 days)
in comparison to EDB (2 hours). New formulations of mag-
nesium phosphide may cut the fumigation time by one-half and
reduce or eliminate the decay problem. Tests supported by
EID's S&T/AGR are under way in Costa Rica on mangoes and
papaya, and by the Government of Mexico in northeastern Mex-

ico on grapefruit, oranges, and mangoes.

Hydrogen Cvanide

Hydrogen cyanide is used in some nations for citrus fumiga-
tion to kill scale insects. It is highly toxic and diffi-
cult to use. Since it does not penetrate products well at
atmospheric pressure, vacuum fumigation chambers are usually
required. Hydrogen cyanide fumigation has not appeared
attractive for use in most nations because it is complicated
to use and requires a very expensive initial investment for
vacuum-type chambers. It is no longer used by USD2 as a

quarantine treatment.

Ethylene Oxide

Ethylene oxide causes severe injury to most tropical fruits
and vegetables. It is highly flammable (explosive), so it

is normally mixed with carbon dioxide at a 1:9 ratio. It is
used principally as a quarantine treatment for the elimina-

tion of cnails.

Acrylonitrile

Acrylonitrile is highly toxic to both man and insects. It
is also highly toxic to nursery stock and growing plants.
It heavily damages most tropical fruits and vegetables. It

i1s no longer used by the USDA as a quarantine treatment.
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Carbon Disulfide

Carbon disulfide has a relatively low toxicity to insects.

Its low ignition temperature makes it a dangerous fire haz-
ard. Although some fruits and berries are tolerant of car-
bon disulfide, its low toxicity to insects does not make it

suitable as a plant quarantine treatment.

LOW-DOSE FUMIGATION PLUS HOT WATER DIPS

Tests being conducted by the USDA show promise on certain
fruits. A shortened time period or lowering of the tempera-
ture of the hot water dip can be better withstood by fruits
such as papaya and mango. However, even with the lowered
fumigant dosage, many tropical fruits will still be unable
to withstand the MBr fumigation. Thus, applicability of
this procedure will be limited by crop variety and pest.

INSECT GROWTH REGULATORS

Methoprene has shown promise in Hawaii for the elimination
of fruit flies in papaya. AID is supporting tests of this
material on mangoes and grapefruit in Mexico. Methoprene
will not kill fruit fly eggs or larvae in fruit. It pre-
vents the pupae from reaching the adult stage and repro-
ducing. Methoprene is registered for a number of uses, but

not as yet on fresh fruits.

Current APHIS quarantine requirements call for Probit 9 mor-
tality of the pest. The use of methoprene would not qualify
as a quarantine treatment procedure under this criterion.

It has been proposed that the quarantine criterion be
changed from mortality to "inability to produce viable off-
spring." Such a change would enable insect growth regula-
tors to be considered as viable alternatives. Their use,

however, would have to be supported by an effective field or

67



orchard control program that would allow for only minimal
insect infestation. Under the proposed quarantine criterion
change, live larvae detected in a fruit supposedly would not
eliminate its entry into the importing nation if the fruit
is properly certified. It could be grounds for rejection on

the basis of quality standards, however.

ERADICATION OR MAINTENANCE OF THE PEST BELOW THE DETECTION
LEVEL

The applicability of either of these approaches must be
weighed on the basis of cost versus benefit. The eradica-
tion of the Mediterranean fruit fly from the State of
California at a cost of $100 million had a high benefit-to-
cost ratio when weighed against the potential damage that
could be inflicted and the loss of international markets.
The eradication of the Medfly from Mexico also provides a
highly favorable cost-to-benefit ratio when considering the
value of the Mexican winter vegetable production (tomutoes,
bell peppers, eggplant) and the reliance of the United

States on this source of fresh winter vegetables.

The eradication of the Medfly from all of Central America is
a more tenuous proposition, however, from a developmental
standpoint. Except for a few crops, such as those specified
for Mexico above, other fruit flies of the genus Anastrepha
will quickly fill the ecological niche that would be left

vacant by the elimination of the Medfly.

Maintaining the pest population below a detectable level is
being considered in the citrus producing areas of northern
Mexico with respect to the Mexican fruit fly. However, most
nations quarantine on the presumption that if a pest is
found anywhere within a nation, all portions of the nation
are suspect. Therefore, it is anticipated thac this
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approach being taken in northern Mexico will have limited

applicability elsewhere.

REGULATORY HISTORY GF FOOD IRRADIATION

Irradiation research programs for the preservation of food
have been conducted for many years. The U.S. Atomic Energy
Commission, USDA, and U.S. Army sponsored considerable
research in the 1950's and 1960's that explored the possibi-
lity of using irradiation for such purposes as insect disin-
festation, sprout inhibition, and extending the shelf 1life
of food. The FDA granted approval to irradiate wheat, wheat
flour, white potatoes, and bacon during the 1960°'s.

In 1968, the FDA rejected a petition for irradiated ham and
cancelled the approval for bacon because of concerns raised
about wholesomeness, This change in requlation caused an
abrupt halt in much of the irradiation research and develop-
ment being done in the U.S. private sector. However, re-
search continued in many other countries. Clearances have
been provided to irradiate a wide variety of foods in sev-
eral foreign countries. Some examples include potatoes and
onions in Chile, Israel, Italy, the Netherlands, South '
Africa, Spain, the USSR, and Canada; garlic in South Africa
and Italy; mushrooms, chicken, froglegs, shrimp, malt,
spices, fish and fish products, rice, eqgg powder, cocoa
beans, strawberries, and asparagus, in the Netherlands;
papaya, mangoes, strawberries, bananas, and chicken in South
Africa; and dried fruits, grain, and dry food concentrates
in the USSR. Approvals for use of irradiation on white
potatoes, wheat and wheat flour, spices, and vegetable
seasonings, dried enzymes, and pork exist in the United
States. 1In general, irradiation has not been used because
of cheap chemical fumigants. The industry now estimates
that over 2,700 tonnes per year or roughly 10 percent of the

U.S. spice volume is currently irradiated. This trend
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toward irradiation processing is growing because of the in-~
creasing feasibility of irradiation, and the hazards and

costs of using ethylene oxide for spice disinfestation.

In recent years there has been a renewed interest in food
irradiation in the United States. This is due in large part
to indications by the FDA of a willingness to reconsider

its position on irradiating food. On February 14, 1984, the
FDA issued a proposed requlation that will permit food irra-
diation to an absorbed dose of 1 kilogray (100 kilorad) for
fruits and vegetables and 30 kilogray (3 megarad) for
spices, without any further toxicological testing for whole-
someness. It is anticipated that the final regulation will
be published in 1985. Regulations for higher dose levels
will then be addressed by the FDA, but the l-kilogray (100-
kilorad) dose will provide adequate disinfestation of agri-
cultural commodities of interest in Central America and the

Caribbean.

Lending impetus to the potential for changes in FDA's posi~-
tion is the support of prestigious international organiza-
tions for the approval of food irradiation. The Joint Expert
Committee on Food Irradiation (JECFI), under sponsorship of
the Food and Agriculture Organization of the United Nations
(FAO. and the World Health Organization (WHO), together with
the International Atomic Energy Agency (IAEA), has concluded
that there is no toxicological hazard caused by irradiating
any food for preservation up to an overall average dose of

10 kilogray (1 megarad).

In mid-1983, the Codex Alimentarius Commission adopted the
Codex General Standard for Irradiated Foods [Reference
No. Codex Stan 106-1983]. The General Standard approves

irradiation up to an overall average dose of 10 kilogray

(1 megarad), cites approved energy levels, and indicates

that irradiation is a process and not an additive. FDA
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approval of irradiation of spices, natural flavorings, and
dehydrated vegetable seasonings to an absorbed dose of

10 kilogray (1 megarad) was published in the Federal Register
of July 5, 1983, Vol. 48, No. 129, pages 30613-14, 21 CFR
Part 179.

Additional motivations for the renewed food irradiation re-
search are (1) interest in replacing currently used fumi-
gants {(methyl bromide and ethylene dibromide), (2) the
potential for replacing or lowering amounts of preserva-
tives, such as nitrite, (3) the reduction of food spoilage,
particularly in developing countries, (4) the ability to
control trichinosis from pork, (5) the reduction in enteric
pathogenic organisms such as Salmonellae and Campylobacter
in poultry, (6) decreased rehydration times in dried vege~
tables, (7) increased juice extraction from fruits,

(8) delay of ripening in some tropical fruits such as
bananas and papayas, (9) delay of senescence in some fruits,

and (10) increased shelf life.

BUILDING AND OPERATING AN IRRADIATION FACILITY

Two main types of radiation sources can be used in a food

irradiation facility:

o Radioisotope sources (gamma rays)
- Cobalt-60
- Cesium-137

o Machine-generated radiation sources (electrons,
X-rays)

The FDA-proposed ruling on irradiation permits irradiation
with the radioisotopes cobalt-60 and cesium-137, or with
machine-generated radiation beams of electrons (10 million

electron volts maximum energy) or x-rays (5 million electron
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volts maximum energy). On the molecular level, similar
results can be obtained with either type of radiation since
gamma rays and x-rays transfer their energies to secondary

electrons within the absorbing materials.

Practical and economic considerations have favored the use
of low-energy electron accelerators for applications requir-
ing intense radiation with limited penetration, such as the
modification of plastic and elastomeric materials. About
400 machines are being used worldwide for these purposes.
For relatively dense products where diffuse, penetrating
radiation is needed, such as in the sterilization of medical
devices and the preservation of food, gamma ray and high-
energy electron sources have been preferred. The complemen-
tary nature of these technologies is destined to become more
competitive in the future (Cleland and Pageau, page 2).

The viability of irradiation as a treatment for agricultural
commodities in the Caribbean Basin is not expected to depend
on the specific type of radiation source being used. Many
of the irradiator components are the same for either source.
Therefore, for the purposes of this study, it was decided to
focus on radioisotopic irradiators (primarily cobalt-60)
because radioisotopes are the most prevalent radiation
source in the world today in food irradiation applications.
This is in no way intended to relegate machine—geﬂerated
radiation sources to an inferior position with respect to
radioisotopes. Each type of source has certain advantages
and disadvantages that should be carefully studied when spe-
cific irradiation parameters have been defined for a partic-
ular application. A brief discussion of electron beam

sources 1is presented in Appendix F.

BASIC DESIGN CRITERIA

The principal criteria that ultimately control the design of
a radioisotopic irradiator are (1) the physics of gamma
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radiation, (2) product response to radiation, and (3) pro-
tection for operating personnel in the vicinity of the radi-
ation source. Each criterion will be discussed in turn.

Physics of Gamma Radiation

Gamma radiation consists of photons released from the
nucleus of a radionuclide during its decay into a more sta-
ble element. The decay process follows a fundamental law
which states that the probability per unit time that a

nucleus will decay is a constant, independent of time.

The rate at which atoms decay in a gamma source is called
the activity. Activity is measured in units of curies,
where one curie, denoted as Ci, is defined as 37 billion
disintegrations per second. Since the probability of decay
is a constant, the activity of a radionuclide will decrease
exponentially with time. A half life is the time required
for 50 percent of a radiocactive source to be depleted. For
cobalt-60 and cesium-137, the half lives are 5.2 years and

30.5 years, respectively.

The emitted photons exhibit both particle and wavelike
behavior; they have zero rest mass and zero charge, and
travel in a vacuum at the speed of light. Photons radiate
in all directions and in straight lines from the source.
They do not bend like magnetic flux. They are not convec-
tive in nature like thermal radiation, nor do they radiate
in concentric circles like sound. They contain a fixed
amount of energy, which averages 1.25 million electron volts
for each of the two photons released per disintegration from
cobalt-60, and 0.66 million electron volts for the single
photon released per disintegration from cesium-137. At
these energy levels, it is not possible to activate or
induce radioactivity in any materials since the energy
threshold for activation by x-ray or gamma irradiation is
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above 5 million electron volts.1 Therefore, regardless of
the length of time of radiation expusure, or the amount of
absorbed energy or dose in the product, the food product

irradiated cannot become radioactive.

Product Response to Radiation

Two basic processes occur when ionizing radiation such as
gamma rays interacts with matter. The primary or direct
process causes the formation of ions, excited molecules, or
molecular fragments. The secondary or indirect process
involves the interaction of products formed in the primary
process, and can lead to the formation of compounds differ-
ent from those originally present. Thus the biological
effects of radiation are due to chemical changes in the
material, much as with any other energy process. The damage
caused by radiation in insects or living organisms is pri-
marily associated with the impairment of metabolic reac-
tions. For irradiation to be useful as a disinfestation
technique, the biological effects of radiation must be more
significant for the pest than for the commodity. This is

determined on a commodity-by-commodity basis.

The purpose of irradiati~-. is to achieve a desired product
response to some absorbed dose. The dose of gamma radiation
that is absorbed in any homogeneous material decreases expo-
nentially as a function of distance into that material. The
minimum dose is the dose required to obtain the desired
technical effect, such as disinfestation or sprout inhibi-
tion. The maximum dose is that dose above which undesirable
side reactions in the product may occur, such as changes in
texture, color, or flavor. 1t is essential to obtain a dose

1The energy threshold for activation using electron beam
irradiation is above 10 million electron volts.
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that falls within the acceptable maximum and minimum dose
range for a particular food. For thin foods, single-side
irradiation may be acceptable; however, most products are
irradiated from both sides. Since the ionizing effect of
the radiation is additive, the combined dose from both sides
must fall within the product's desired maximum-to-minimum

ratio.

The measurement of absorbed dose distribution, or dosimetry,
is a well-developed technology. However, new and improved
methods continue to evolve and be tested. Dosimetry stand-
ards for food irradiation in the United States are currently
being developed by the Task Group E10.07 (Radiation Metrology
for Food Processing) of the American Society for Testing and
Materials (ASTM).

The maximum-to-minimum absorbed dose ratio tolerated by the
product, and the dose actually absorbed throughout the prod-
uct during exposure to a source of gamma radiation, will
determine the source configuration, conveyor speed, conveyor
configuration, and the system control sequence. The dose
requirements also determine whether the product must be
treated individually, or can be boxed, bagyged, or palleted.
In addition to control of the dose profile in the product,
control of desired side reactions can sometimes be achieved
by use of temperature (chilled or frozen), pH, aﬂd the pres-
ence of various types of atmospheres, chemical gases, or
chemical additives that can act as gamma sensitizers or

protectors.

Operating Personnel Protection

The design of an irradiator that provides a safe environment
for its operating personnel is governed by the American Na-
tional Standards Institute (ANSI) standards, being prepared
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by ANSI Subcommittee N43-3, and by the U.S. Nuclear Regqula-
tory Commission (NRC) Licensing Guide. These criteria are
used for licensing action in the United States and shculd be
used for local licensing of any facility using AID assist-
ance. The permissible dose for radiological workers is

50 millisievert (5,000 millirem) per year. In DOE and NRC
facilities, the requirement is to lower the absorbed dose to
less than 50 millisievert (5,000 millirem) per year with a
target of 10 millisievert (1,000 millirem) per year. The
principle used is defined by the phrase "As Low As Reason-
ably Achievable" (ALARA). Commercial irradiators installed
in the United States by one firm permit no more than

2.5 microsievert (0.25 millirem) per hour at the external
wall of the irradiation chamber. Workers would thus poten-
tially receive a maximum annual dose during a 40-hour work
week for 50 wecks a year of 5 millisievert (500 millirem),
which is the maximum dose allowed for the "public or occa-
sionally exposed individual." 1n reality, the workers re-

ceive much less.

As a comparison, an individual flying in an airplane above
10,000 meters (33,000 feet) receives radiation at a dose
rate of 5 to 10 microsievert (0.5 to 1 millirem) per hour.

The exposure increases with increasing altitude and latitude.

SYSTEM COMPONENT DESIGN

A food irradiation system is simple in concept. The princi-
pal components for an isotopic irradiator or a facility with
a machine-generated source (see Figures 2 and 3

respectivelv) include:
1. A radiation source

2. A conveyance system Lo bring the product into the

source flux field and back out again
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3. Shielding

4. System controls to operate and manage a safe process

Gamma Source

The gamma or radionuclide source for the irradiator can be
packaged as a metal, ceramic, or salt. The penetration and
dose requirements determine the quantity and type of
radionuclide. Cobalt-60 gamma rays have a higher energy and
therefore a slightly greater target penetration than those
emitted by cesium~-137. The more energetic gammas would be
desirable for very dense materials and large product confi-
gurations. Allowable maximum-to-minimum ratios are also a

consideration in source selection.

The cobalt-60 nuclide is produced via a neutron capture re-
action by bombarding cobalt-59 in the core of a réactor with
neutrons. Most of the world's supply comes from reactor
complexes in Canada. The cesium-137 nuclide is a fission
product of nuclear reactor fuel (uranium or plutonium). It
is concentrated through reprocessing of the spent nuclear

fuel and then encapsulated for future use,

The source geometry and the product path around the source
directly affect source efficiency, size, ceost, and facility
economics. The objective is to permit the product to absorb
the maximum amount of energy as uniformly as possible. Pos-
sible configurations include two sources at the centers of
two circular paths (in the form of a figure eight); a single
source with one or more paths and with appropriate product
rotation so all sides are exposed; and source plaques
(trays) with the conveyor going over and under the plaques.
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Again, maximum-to-minimum ratios, absorbed dose, product
configuration, flux field uniformity, and other factors

interact to determine source design and efficiency.

Conveyor System

The conveyor system is simply a mechanical trolley or rail
system designed to hold the product in a desired configura-
tion or alignment and expose it to the source for a speci-
fied time period. Because the radiation will degrade
organic materials, caution must be exercised in selecting

lubricants and conveyor materials.

Shielding

Shielding is required to protect operating personnel fron
excessive gamma-radiation exposure as previously described
in the section entitled "Operating Personnel Protection."
For a cesium-137 irradiator, with a source strength on the
order of a megacurie, adequate protection can be provided by
11 feet of water, 5 feet of concrete, or 9 inches of lead.

A cobalt-60 irradiator requires slightly more shielding

because of its higher-energy gamma rays.

The shielding design must allow for replenishment of the
radionuclide source as it decays, for maintenance access to
the irradiation zone, and for normal flow of the irradiated
product. In most commercially available systems, the radia-
tion source is stored in a clear-water pool to make the
irradiation chamber accessible for majintenance and source
replacement. Dry-storage options for these same functions
also have considerable merit. To prevent the transmission
of high-energy gamma rays along the conveyor path when the
source is exposed, the conveyor must change directions to
provide at least three reflections of gamma rays between
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the source and the ehtrance-exit. Sufficient shielding must
be presented along the conveyor path to absorb these gamma

rays.

An irradiator does not create any nuclear waste. 1In fact,
the isotope decays to lower rates of activity with time,
which in turn creates the need for source replenishment on a
periodic basis. Since the enerygy level is too low to induce
radioactivity in the facility c.. the product being irradi-
ated, decommissioning consists simply of renoving the iso-
tope with the same transportation casks used to bring the

source to the facility initially.

Control System

The control system for the irradiator is designed to follow
the product's progression through the irradiation cycle, to
control the conveyor operaticn, to control the gamma source
position and shielding, and to control the internal environ-
ment. To preclude the possibility of operator exposure to
radiation, sophisticated interlock systems are used. Stan-
dard practice calls for double interlock systems (mechanical
and electrical) to ensure that the operator will not be

jeopardized by the failure of a protective device.

ESTIMATED COSTS FOR AN IRRADIATION FACILITY

Total costs for operating an irradiation facility include
the capital cost, operation and maintenance (O&M) costs, and
other miscellaneous costs associated with its use. An
irradiation facility is capital-intensive because of the
significant expenditures needed for radiation sources, bio~
logical shielding, product conveyors, warehouse and storage
areas, and control equipment with its associated mechanical
and electrical safety interlocks. O&M costs are relatively

low because of the simplicity of the operational activities.
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Unfortunately, the high capital and low 0&M cost relation-
ship is just the opposite of what is desirable in a less
developed country. However, the difference between the high
capital and low O&M cost can be reduced somewhat by avoiding
automation of the product-handling system and making the
operation more labor intensive. 1In any case, it must be
understood that facility and operatinnal costs are extremely
gscenario- and site-specific. Dose rate, commodity density,
package size, throughput, maximum dose distribution ratios,
irradiation source, and Fflux tfield shape are among the con-

ditions that significantly affect costs.

From a practical standpoint, a commercial irradiator should
have sufficient capacity to handle the anticipated product
throughput and growth in throughput over the long term.
Since the capital cost of an irradiation facility is
significant, the owner of the facility may select a plant of
lower capacity in order to minimize the initial financial
outlay. However, the future consequences of building a
facility of ultimately inadequate capacity are often costly
in terms of the necessity for a second irradiator at an

earlier date than originally planned (Cuda, page 6).

Conceptual-level cost estimates were developed for four dif-
ferent sizes of cobalt-60 irradiators for Guatemala. The
irradiators are assumed to be "free-standing" facilities
with a full complement of auxiliary support space (such as
offices and a refrigerated warchouse). The breakdown of
capital and O&M costs includes domestic labor, domestic
materials and equipment, imported (or foreign) labor, and
imported materials and equipment. These costs, as well as
some of the assumptions underlying the cost analysis, are
presented in detail in Appendix G. The cost information is
summarized in Table 8. General comments about the cost of

high energy accelerators are presented in Appendix F.
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Table 8
CAPITAL AND O&M COSTS FOR FOUR DIFFERENTLY SIZED COBALT-60
IRRADIATORS LOCATED IN GUATEMALA

a Alternative 1 Alternative 2 Alternative 3 Alternative 4
T roughput” (kg/hr) = 16,000 12,000 8,000 4,000
Source (MCi) = 0.6 0.45 0.3 0.15
Domestic Import Domestic Import Domestic Import Domestic Import
Cost Category (Qx1000) ($x1000) (Qx1000) {$x1000) (Qx1000) (5x1000) (Qx1000) (S$x1000)
CAPITAL
Facility 856 980 775 801 689 712 599 577
Source -0- 731 -0- 552 -0- 374 ~0- 195
Engineering 27 285 26 281 25 274 24 266
Contingency (30%) 265 600 240 490 214 408 187 311
Subtotal 1,148 2,599 1,041 2,124 928 1,768 810 1,349
Total Capital Cost in, U.S.
Equivalent Dollars” (x1000) 3,369 2,823 2,391 1,892
&M
Labor 82 -0- 74 -0- 74 -0- 68 -0~
Maintenance -0- 114 -0- 96 -0- 77 -0- 58
Utilities 19 -0- 18 -~0- 16 -0- 15 -0-
Administration 9 -0- 9 -0~ 9 -0~ 9 -0-
Subtotal ‘ , Lo 114 101 96 99 77 52 58
Total O&M Cost in U.Sa
Equivalent Dollars® (x1000) 188 164 143 126

throughpuL based on a 500 gray (50 kilorad) absorbed dose.
bExc‘hange rate is 1.49 quetzales per dollar.

Note: Costs are atr 1984 prices.



The cost estimates shown, based on information available at
the time of the estimate, have been brepared for guidance in
project evaluation and implementation. The final costs of
‘he project will depend on actual labor and material costs,
competitive market conditions, final project scope, imple-
mentation schedule, and other variable factors as they
occur. Substantial variations in costs can be anticipated
from one country to another, and from one site to another
within a given country. As a result, the final‘project
costs will vary from the estimates presented herein. Be-
cause of this, project feasibility and funding needs must be
carefully reviewed before specific financial decisions are

made, to help ensure proper evaluation and adequate funding.

It is generally well known that, because of the substantial
initial capital costs, large quantities of food commodities
must be processed to achieve reasonable average unit costs
(Morrison, page 1). This relationship of declining total
average costs per unit of output (unit costs) with
increasing throughput capacity of the irradiation facility
is termed "economies of scale." Economies of scale are

further addressed under "Economic Feasibility" in Chapter 5.

MULTIPURPOSE VERSUS SINGLE-USE IRRADIATORS

Because of the high initial capital cost, it is most cost-
effective to operate an irradiator at design capaciiy for as
much of each 24-hour day as possible. Since crops are
seasonal, it therefore becomes imperative that the utility
of such a facility in a multipurpose mode be evaluated.
Different commodities may require different doses based on
the technical eifects desired. This results in facility
design compromises, which probably lower efficiency in most
cases. However, the opportunity to operate more hours per

year by irradiating additional products generally offsets
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this inefficiency in a way that increases the desirability

of this option.

When multipurpose facilities are considered, however,
quality control parameters such as cleanliness, cross
contamination between commodities, microbiological control,
and other such constraints must be compatible. The maximum
degree of flexibility will be required at a research facil-
ity and will decrease as the facility objectives become more
focused. Again, the design of such a facility is extremely
scenario-dependent. The tradeoffs have to be considered and
integrated into the design in such a way as to maximize the

utility and minimize the cost of the facility.

STAFFING AND TRAINING REQUIREMENTS

The operation and maintenance of a commercial irradiation
facility is not labor-intensive. Between 6 and 10 people
per shift would probably be adequate for staffing the
irradiation facility. The actual number depends on the
volume and types of commodities, the level of automation
designed into the facility for materials handling, and
whether the facility includes food processing or warehousing

capability.

Irradiation operators would need training in radiation biol-
ogy, chemistry, and physicr, as well as radiation safety
(health physics). High school graduates with a 6-week train-
ing cource in these areas could serve as technicians in the
operation of the irradiator. Atomic Energy of Canada, Ltd.
(AECL), Rockwell International at Canoga Park, California,
and CGR MeV in France have such programs in place. Training
programs will have to be presented in Spanish in Guatemala

and French in Haiti.
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Chapter 5
PROJECT FEASIBILITY

This chapter contains an analysis of the feasibility of in-
troducing food irradiation technology into the Caribbean
Basin and the study team's recommendations.

The study team examined feasibility from five perspectives:

o Technical feasibility: What are the engineering
and logist.ical requirements that must be met be-

fore an irradiation project will be feasible?

o Economic feasibility: What are (1) the national
costs and benefits of building an irradiator and
(2) the volumes of fruits and vegetables that must
be treated to make the irradiator economically

feasible?

o Financial feasibility: 1Is building and operating
an irradiator feasible from a private investor's
viewpoint, and will government financial assist-

ance be necessary?

o Social feasibility: How will an irradiator affect
social conditions? Are undesirable social changes

involved and, if so, can they be avoided?

o Institutional issues: How will public and private
institutions in the Caribbean Basin and the United
States affect the feasibility of building and op-

erating an irradiator?
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TECHNICAL FEASIBILITY

A food irradiation project is technically feasible if its
engineering and logistical components can all be implemented

in a complementary, practical way.

ENGINEERING

Irradiation can help expand trade for fruits and vegetables
by serving as a quarantine treatment. It can also solve
specific food-loss problems and could complement established
technologies such as refrigeration in a way that would im-

prove the quality and wholesomeness of food.

Approximately 25 countries have approved a total of 40 food
items for irradiation. The number of countries that have
not only approved the practice but are actually using it as
a commercial process is growing. Thus, in many parts of the
world food irradiation is already an established technology.
A list of commercial irradiation facilities, either
completed, under construction, or planned, that are or will
be used for the treatment of food is shown in Table 9.

PRODUCTION AND MARKETING LOGISTICS

‘Marketing chains for farm commodities can usually be divided
into four major activities: harvesting, assembly, process-
ing, and distribution. Product quality is strongly dependent
on harvesting technology. Poor practice guarantees poor
quality and rapid deterioration. 1In the assembly stage, raw
agricultural products from many individual farms and ranches
are usually collected for processing at a centralized facil-
ity. 1In the pProcessing stage, the commodity is treated or
handled in a way that will increase or maintain its value to
the consumer. Processing includes such functions as rapid
removal of field heat, cleaning, sorting, grading, polishing
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Table 9
COMMERCIAL ACTIVITIES IN FOOD IRRADIATION AS OF JANUARY 1985

Commercial Irradlator Products Approximate
Country Location Status Treated Capacity
Bangladesh Multipurpose irradiator Under Paotatoes, -—
Dhaka construc- onions,
tion fish
Belgium MEDIRIS facilities Completed Spices, 2,000 t/vear
Fleurus animal feed
Brazil Embrarad® Completed
Bulgaria Sofia Completion -——-
in 1985
Chile Multipurpose irradiator Completed Onions ——
Santiago
Fruit irradiator Planned Fruits —
France Pallet irradiagar Completion Dried food ~---
(2 million Ci ""Co) in 1986 products,
Marseille spices
CGR MeV Completion  Frozen, —-—
accelerator in 1985 deboned
poultry
CARIC LABO irradiator Completion  Spices, ——
in 1986 chicken,
frog legs
German 60Co irradiator Completed Onions 10,000
Democratic . t/season
Republic
Ghana Multipurpose irradiator Planned Cocoa ——
beans,
maize
Hungary Onion irradiator Completed Onions 6,000
t/season
AGFOSTER Joint Co. Planned Spices, -
Budapest onions,
potatoes,
corks,
seeds

aMainly used for sterilizing medical supplies.
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Table 9

(continued)
Commercial Irradiator Products Approximate
Country Location Status Treated Capacity
Israel Mobile gamma irradiator Completed Garlic, -
Tel Aviv onions,
potatoes
Electron accelerator Completed Animal feed ---
in 1985 poultry
Italy Commercial vegetable linder Potatoes, 25,000
irradiator, construc- onions, t/season
Fucino tion garlic
Japan Shihoro potato Completed Potatoes 20,000
irradiator, ' t/season
Shihoro, Hokkaido
Republic of Multipurpose irradiator Planned —— ———
Korea
Mexico Multipurpose irradiator Planned Fruits 100,000
(disinfes- t/year
tation)
Netherlands Pilot plant for food Completed Frozen 1,500 t/year
irradiation, chicken,
Wageningen frog legs,
organic
dyes,
spices
Gammaster - 2 Completed Spices, 20,000 t/year
Ede shrimp, dry
ingredients
Gammaster - 12 Completed Animal feed =~~~
Nigeria Multipurpose irradiator Planned Yams, -
onions,
maize
Pakistan Multipurpose irradiator Planned Potatoes, ———
dried
fruits
Poland Vegetable irradiator Planned Potatoes, —
onions,
mushrooms

aMainly used for sterilizing medical supplies.
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Table 9

(continued)
Commercial lrradiator Products Approximate
Country Location Status Treated Capacity
Sri Lanka Multipurpose irradiator Planned — ——
Colombo
South Africa Fruit and vegetable Completed Mangoes, 7,000 t/year
irradiator, strav-
Tzaneen berries,
potatoes,
onions
Iso-Ster (Pty.), Ltd.2 Completed Fruits, —
Kempton Park vegetables,
coconut
powder
Multipurpose irradiator Completed Fruits, ———
Atomic Energy Board vegetables,
Pretoria chicken
Taiwan Multipurpose irradiator Completed Vegetables  —--
Thailand Multipurpose irradiator Planned Food in 500 t/year
Bangkok general
United Isomedix, Inc. Completed Spices, -
States Parsippany, New Jersey seasonings
International Nutronics, Completed Multi- -
Inc. purpose
Irvine, California
Radiation Technology, Completed Spices, 500 t/year
Inc. seasonings
Rockaway, New Jersey
West Memphis, Arkansas
Burlington, No. Carolina
Neutron Froducts, Inc.> Completed Spices, 100 t/day
Dickerson, Maryland seasonings
Port Salem, New Jersey Under con- Food in -
struction general
U.S.S.R Two 20 kW EhLV-2 Completed Grain 200 t/hour
accelerators (disinfes- each
Odessa tation)

aMainly used for sterilizing medical supplies.
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(making the product attractive, e.g. waxing and wrapping),
and packaging. In the distribution stage, finished goods

are dispersed through various outlecs and sold to the buyer,
Since many fresh commodities have a short shelf life, it is
critical that the market chain activities operate efficiently

and without delay.

Theoretically, irradiation of agricultural commodities could
occur at any point along the marketing chain. However,
economies of scale play an important part in the overall
feasibility of an irradiation facility (see "Economic Feasi-
bility," this chapter). It is therefore important that
irradiation of agricultural commodities occur at those
points in the marketing chain at which the commodities are
gathered together in large quantities--for example, at a
storage site, processing plant, shipping point, or port.
Timing of the irradiation can be a critical consideration,
depending on the agricultural commodity and the pest of con-
cern. Early irradiation is mandated for quarantine in order
to minimize pest damage to the commodity and prevent insect

escape.

These strategic points in the marketing chain at which a
commercial irradiation facility might be located could be in
the exporting nation, the importing nation, or in an
intermediary nation that serves as a transshipment point for
the product. 1If the irradiation facility were sited in an
intermediary nation, the quarantine laws of the intermediary
nation would have to be changed to allow products to enter
untreated for irradiation. 1In addition, Caribbean Basin
exporters would have to competc: for irradiator time with
each other and with other nations. Delays might occur that
could appreciably reduce the products' marketable shelf
life.
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If the irradiation facility were located in the importing
nation, specifically the United States, then the impcrts
from the Caribbean Basin nations would have to be processed
at irradiators located only at North Atlantic ports (from
Baltimore northward). To a large extent this requirement
would rule out the use of commercial passenger aircraft as a
means of transportation because most of these aircraft enter
the United States through southern air terminals. Upon
reaching the North Atlantic ports, the Caribbean Basin ex-—
porters might have to compete for irradiator time with each
other and with other nations, particularly those of Europe.
Once irradiated, products to be consumed in the southern
United States and elsewhere across the nation would accrue
additional transportation charges, adding to consumer cost.
However, for Caribbean nations with relatively small quan-
tities of export-marketable produce, this may still be a
viable alternative. For Haiti and the Central American
nations, with relatively large existing or potential pro-
duction for export, irradiation within the exporting nation
would likely be preferable, because’'it would permit greater
marketing flexibility, lessen the hazards of delay, and

reduce transportation costs.

Bottlenecks in the Production System

Although implementation of irradiation in Central America or
the Caribbean Basin is only one link in the marketing chain,
the throughput of commodities treated by irradiation is af-
fected by all other links in the chain. The following para-
graphs briefly discuss several other concerns that would
have to be addressed if the Caribbean Basin Initiative

legislation is to achieve its full impact.

Technology Transfer. 1If nontraditional crops are to be pro-
moted, farmers will have to be nade aware of their cultiva-

tion requirements. Most nontraditional crops require more
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production effort, especially labor, than traditional crops.
Mechanisms must be designed--through governmental extension
services, development banks, or private suppliers--that will
extend the necessary technical information toc farmers in a
cost-effective and efficient manner. Public- or private-
sector-supported irradiation facilities should also examine
the potential posicive role of assisting in providing infra-
structure development support and in providing information
to the farmer regarding production and postharvest techno-
logy. Appendix H addresses more thoroughly the problem of
educating growers and producers to respond to opportunities

for expanded exports.

Quality and Other Standards. The potential produce quality
assurance standaxds problem is parallel to the technology

transfer problem: the resolution of both requires education.
The markets of the United States and other developed coun-
tries require high-quality produce. 1In addition, the var-
ious markets also demand specific varieties, colors. and
sizes of produce. Information on quality requirements,
tastes, and preferences must be provided to shippers, pack-
ers, and farmers. Without it they run the risk of losing
whole shipments of procduce or of being forced to accept. much
lower prices. Because irradiator capacity may be limited
during seasonal harvest periods, and becausé irrediation
facility operators will desire that an image of high quality
be associated with irradiation products, assistance in
establishing grades and standards for producers and packers
may have to be provided by irradiation firms in cooperation

with the public sector.

In Guatemala this informational exchange and educational

process 1s being undertaken by the Non“raditional Exporters'
Guild ("La Gremial"), an association of packers and shippers
of nontraditional commodities. While only in its fledgling
stage, the guild appears to be well staffed and is keginning
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promotional activities. A soon-to-be designed project by
AID's Regional Cffice for Central America and Panama (ROCAP)
will fund coordination of the activities of the several
similar export promotion crganizations throughout Central
America. This coordination role will assist greatly in the

promotion of nontraditional exports.

Credit Availability. New crops often require the purchase
of additional labor and supplies. In addition, many farmers

may need funds for family income until the harvest, espe-
cially if they often forego the planting of their traditional
subsistence food crops in order to plant the new crops.

Both of these factors increase the ovrerall credit needs of

farmers.

Packers and shippers will also require increased amounts of
credit to expand current product lines or add new ones.
Guatemala, for example, is attempting to resolve this bottle-
neck. A recently approved AID project will provide funds to
four of Guatemala's intermediary financial institutions
(financieras) dealing in agricultural credit. Packers and
shippers will be able to borrow from the financieras for
business expansion and working capital. The project also
will provide credit to agricultural producers' cooperatives
for expansion activities. Similar financial support proj-
ects are being designed and implemented by AID missions

throughout the Basin countries.

Bottlenecks in the Marketing System

There are potential bottlenecks in the marketing and distri-
bution system that could impede the current promotional ef-
forts to expand nontraditional exports and the associated
use of irradiation. Some of the potential bottlenecks are

discussed below.
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Transportation. Currently the methods of produce transport

between the Basin countries and the U.S. markets are air,

sea, and land for produce from Central America and air and
sea for produce from the island nations. For the Central
American countries, the land transport of fresh produce
through Mexico has never been economical because of exces-
sive delays that result in losses and because of legal and

other expenses,

The quality of air transport throughout the region varies a
great deal. Many shippers of highly perishable produce must
depend on "space available" arrangements on passenger air-
lines to transport their produce to U.S. markets. 'Other
shippers have complained of high transport costs, including gy
surtaxes and fees charged by the government-held national
airline in Guatemala. An additional problem mentioned by p
shippers is a scarcity of shipping containers, because more:,
container cargo goes from south to north than from north to.p
south. This leads to either periodic container scarcities 1
or adc¢itional surcharges to the shipping companies for sendT;
ing empty containers south. _ )
Ha
Reqgular sea transport exists for all of the Central American.
countries. Several ccuntries (Belize, Honduras, and El Sal-
vador) truck their produce across other countries for even-
tual sea transport to the U.S. The l&rger Caribbean island
nations (Jamaica, the Dominican Republic, and Haiti) also
benefit from reqular shipping; however, most of the smaller

islands do not.

Because of the highly perishable nature of many of the non-
traditional exports, sea transport is often not practical.

Sea transportation takes longer and shortens the shelf life
of the product. This is especially true for melons, canta-

loupes, cut flowers, and many of the exotic fruits.
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In-Countrv Storage and Other Export Infrastructure

The export infrastructure of the Basin countries varies from
the sophisticated and modern processing facility to rudimen-
tary, thatched packing huts. As the promotion of nontradi-
tional exports expands, there will be a need for substantial
improvements in the export infrastructure of the Basin coun-
tries. Credit programs for packers and exporters must be-
come available if these types of activities are to be suc-

cessful.

Market Development in Importing Countries

Efforts to develop the market for irradiated food in import-
ing countries such as the U.S., Canada, Europe, and Japan

should be concentrated in three main areas:

o Regulations and legislation
o Quality assurance standards
o} Consumer acceptance

The economic viability of food irradiation requires regula-
tory clearances and institutional assurances in an importing
country that the irradiated commodities can be satisfactorily
marketed over a wide area. It is therefore necessary that
the importing country promote national legislation that will
allow for import sales of irradiated food. For the purpose
of trade in irradiated food among countries, compatibility

of national legislation is required in order to enhance con-
fidence in trading nations that foods irradiated in one coun-
try and offered for sale in another have been irradiated in
facilities licensed and registered by the competent national
authority. Guatemala is currently the only country in Cen-
tral America that is known to have enacted regulations for
licensing irradiation facilities. Therefore, introduction
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of irradiation technology into countries other than Guate-
mala would require the enactment of national legislation for
licensing and permitting. If the countries are sincerely
interested in being competitive in this technology, it is
probable that the time needed for the enactment would be

relatively short.

Market development among trading nations requires that the
commodities be subjected tc commonly acceptable standards of
good irradiation practice and control. Good quality control
measures include (1) adherence to safe, efficient, and hy-
genic food processing practices, (2) adequate staffing and
training of irradiator personnel, (3) development of exper-
tise in product dose mapping, and (4) maintenance of ade-
quate records showing identity and radiation history of the
product and compliance with applicable regulations and good

manufacturing practices.

In mid-1983, the Codex Alimentarius Commission adopted the
Recommended International Code of Practice for the Operation
of Radiation Facilities Used for Treatment of Foods [Refer-
ence No. CAC/RCP 19-1979 (Rev. 1)]. The Code of Practice
has been distributed to the Member States for acceptance.
The Member States are not bound to incorporate the standards

without change into their respective national laws; rather,
the standards serve as a guideline to help the Member States
develop national legislation on the control and utilization
of irradiation for food. However, unrestricted incorpora-
tion of the provisions and basic policy statements from a
single standard into food laws of different nations around
the world would certainly simplify international trade in

irradiated foods. Such harmonization is encouraged.

As mentioned previously, the JECFI concluded in 1980 that
irradiation of food up to an overall average dose of
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10 kilogray (1 megarad) presents no toxicological hazards or
special nutritional or microbiological problems to consumers.
However, there are still doubts about the safety of irra-
diated foods among some consumers. In addition, some public
health authorities are still reluctant to permit irradiated
food imports. It is therefore critical that information
dissemination efforts be streamlined by the scientific com-
munity in order that industry can successfully use the
information to promote and encourage the marketing of irra-

diated foods.

Over the short term, the main application for irradiation in
the Caribbean Basin and Central America is for quarantine
treatment of export commodities. Food commodities sold do-
mestically do not need the quarantine treatment because the
pest already exists in that country. The local markets re-
main unaffected unless there is a technical benefit (e.g.,
increased shelf life) that would outweigh the associated
costs. Therefore, it is expected that consumer acceptance
will really be a marketing issue only for sellers in the
exporting country and buyers in the importing country.
Investment in a facility in Guatemala will not be feasible
if acceptance of irradiated food by the U.S. consumer is
negative. The issue of consumer acceptance is addressed

more thoroughly in Appendix I.
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ECONOMIC FEASIBILITY

The econcmic analysis was conducted in two phases. 1In the
first phase, irradiation technology was compared with
alternative methods of meeting U.S. quarantine requirements
(described in Chapter 4). These comparisons were made for
each crop with significant potential for export to the
United States. Comparisons of dosage required, status of
regulations, beneficial and harmful effects, and relative
costs for each alternative by crop are presented in

Appendix E. This information was used to identify those
crops for which irradiation appears to be the most promising

method of quarantine treatment.

In the second phase, an irradiation project in Guatemala was
formulated to serve as a case study. Guatemala was regarded
as having good potential for the use of irradiation as a
quarantine treatment because (1) its climate permits the
production of a wide range and diversity of crops, many of
which are suited to irradiation, (2) there is considerable
interest in the export of agricultural commodities to the
U.S., (3) it appears that a substantial exportable amount
above domestic needs can be produced if markets are estab-
lished and transportation bottlenecks removed, and

{4) substantial experience has been gained by Guatemalans
with irradiation (research on fruit irradiation was begun by
the Central American Institute for Research and Industrial
Technology-~ICAITI-~-in 1968). The time and budget available
for this study did not permit the same level of attention to
the potential for irradiation treatment for other countries
in Central America and the Caribbean area. llowever, brief
visits were made to Haiti, Trinidad, and Barbados and sec-
ondary data were collected for other countries so that
inferences could be made from the case study regarding the

potential in these other countries.
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The case study economic analysis helped to determine the
most appropriate type and size for the irradiation facility
and whether, from the Guatemalan national viewpoint, the
benefits would exceed the costs. Benefits and costs were
measured on a monetary basis to the extent practical; those
that could not be measured in monetary terms because of
their intangible nature or a lack of data were described in

qualitative terms.

PROJECT FORMULATION

A program to transfer irradiation technology to Central
America and the Caribbean area could take several forms:

(1) private firms could establish commercial service irra-
diators, (2) government organizations could establish a
regional research and demonstration facility, or (3) a
commercial demonstration facility could be established that
could both conduct research and irradiate commodities for
export on a limited commercial basis. The economic and
financial analyses presented in the following discussions

were designed to help select a recommended program.

The initial project formulated for evaluation was a commer-
cial facility located in Guatemala. It was reasoned that
AID assistance would not be warranted if the private sector
has the capability of developing the necessary facilities.
On the other ‘hand, AID's assistance would be appropriate if
irradiation were determined to have good potential as a
quarantine treatment, but additional research and demon-
stration facilities, technical training, financing assist-
ance, or other required activities could not be provided by

the private sector.
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PROJECT BENEFITS

The potential benefits of installing an irradiation facility
were measured on the basis of the "with and without"
principle. Future conditions with the irradiation project
were compared with conditions without the project. Net im-
provements are benefits attributable to the project. These
benefits were related to project construction and operéting

costs to determine economic feasibility.

The potential beneficiaries of an irradiation facility in-
stalled to meet U.S. quarantine requirements include the
owner and operator of the irradiator, the farmers or other
businesses producing the commodities irradiated, the commod-
ity processors and exporters, the individuals and firms pro-
viding goods and services to these entities, the governments
of the countries adopting irradiation technology, and the
U.S. consumers. Those adversely arfected might include en-
terprises providing alternative methods of meeting quaran-
tine requirements, farmers or exporters that do not have
access to the irradiation facilities, and domestic consumers.
These potential benefits and adverse effects are discussed

and analyzed in the following paragraphs.

Benefits to the Irradiator Owner

The owner of a commercial service irradiator typically char-
ges a fee for use of the facilities. The revenues generated
by the fees must be sufficient to cover the operating and
maintenance costs of the facilities and provide a satis-
factory return on the investment. However, the fees must
also be low enough to be competitive with alternative
methods of meeting quarantine requirements and to maintain a
competitive positioun for the commodities in the export market.
Private sector investors cannot be expected to participate

in an irradiation program unless these conditions are met.
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The potential for private sector participation is evaluated
in the "Financial Feasibility" section of this chapter.

Benefits to Farmers

Farmers would be the major beneficiaries of a successful
irradiation program. Many farmers in Central America and
the Caribbean are producing fruits and vegetables for export
to the United States (e.g., mango producers in Haiti). The
potential for additional marketing of these crops domesti-
cally is limited, and transportation costs and the value of
the U.S. dollar preclude effective penetration of alterna-
tive markets such as in Europc. Therefore, if an effective
U.S. quarantine treatment such as irradiation cannot be"
developed, these farmers will, in the short term, be forced
to go out of production or revert to growing lower-valued
basic commodities such as corn, beans, and wheat. 1In
addition, there are many farmers in countries like Guatemala
with the willingness and capability to shift from the pro-
duction of basic commodities to higher-valued crops for ex-
port. 1In fact, recent trends in production indicate farmers
were beginning to make these shifts in cropping patterns in
response to the Caribbean Basin Initiative (CBI) and other
such programs. Unless a satisfactory quarantine treatment
can be developed, much of the progress in agricultural devel-
opment that was beginning to occur will be lost.

The national agricultural benefits realized at the farm level
from a successful irradiation program have been esti-

mated as 0.12 quetzales ($0.08) per kilogram of irradiated
fruit and 0.08 quetzales ($0.05) per kilogram of irradiated
vegetables. These benefits were measured on the basis of
cost and return studies (crop budgets) for representative
crops likely to be grown with and without an irradiation
program. These crop budgets are presented in Appendix J and
are summarized in Table 10. The difference in net income
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Table 10

SUMMARY OF CROP BUDGETS?

Yield Price Gross Income

Representative Per Received Per Hectare
Crop Hectare (quetzales) (quetzales)
Basic Crops
6

Beans 29 qqd 23 67
Wheat 55 qqd 14 770
. d ’
Corn 65 _qq 9 585
Average ‘
(unweighted) 50 qq or 674

2.3t
Vegetables
‘Tomatoes ],000e 2.50 2,500

boxes

d

Okra 290 qq 12 3,480
Average
{unweighted) 12.3 t 2,990
Fruit
Mango 10,800 0.75 8,100

No. 12 c

cartons

or 58.9 t

h
Net Income

Total Cost
Per Hectare Per Hectare
(quetzales) (quetzales)
491 176
550 220
415 110
505 169
1,766 734
1,945 1,535
1,856 1,134
620° 7,480

®For more detailed breakdown of costs and returns for each crop, see Appendix J.

b : .
Includes returns to management and land along with any profit,

cchresent costs for maintaining productivity of established orchard.

Tree estahlishment costs are assumed to be a sunk cost.

d
1 qq equals 45 kilograms (100 pounds).

ean of tomatoes weiglhs about 11 kilograms (25 pounds).

1
Carten of No. 12 mangoes weighs about 5 kilograms (12 poundes),
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was defined as the national agricultural benefit from irra-
diation due to higher return on irradiated exportable crops
versus nonirradiated internal marketing. A summary of these

calculations is presented in Table 11.

It should be noted that cne of the reasons the benefits for
fruit crops are relatively high is that farmers have a
substantial sunk investment in developing their orchards.

For example, it typically takes about 5 years to develop a
mango or orange grove. The trees' productivity can then be
maintained at relatively little cost for as long as 50 years,
Therefore, the Benefits of preventing the loss of estab-
lished orchards are very high. The benefits foregone from
orchards that could be established in the future are also
substantial, but would be less on a per kilogram basis than

from established orchards.

Benefits to Exporters

The benefits to commodity exporters would vary substantially
from one firm to another, Some firms have the flexibility
to shift their operations to other crops not affected by the
EDB ban. nNthers have substantial investments in specialized
facilities and equipment or are located in areas where al-
ternative crops are not available for processing or export.
To these latter firms, the benefits of irradiation would be

substantial.

At minimum, the benefits from irradiation to exporters would
be equal to the amount they are presently paying for fumiga-
tion. Interviews with several mango exporters in Haiti
indicate fumigation costs are about $.03 to $.04 per kilo-
gram. Another measurement of the benefits of irradiation “to
exporters is the vendibility of the process in terms of its
cost. Intervicws with exporters in Guatemala and Haiti
indicate a willingness to pay from $.01 to $.05 per kilogram
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Table 11
CALCULATIOMN OF ECONOMIC BENEFITS TO FARMERS BY COMMODITY

Value Value
Income Item (quetzales) (dollars)
Vegetables
Net farm inccme per hectare with
irradiation (from Table 10) 1,134
Net farm income per hectare without
irradiation (from Table 10) 169
Increased net farm income per hectare®? 965
Increased net farm income per
kilogram irradiated: 965 Q + 12,300 kg
(from Table 10) 0.08 0.05
Fruit
Net farm Iincome per hectare with
irradiation (from Table 10) 7,480
Net farm income per hectare without
irradiation (from Table 10) 169
Increased net farm income per hectare® 7,311
Increased net farm income per kilogram
irradiated: 7,311 Q + 58,900 kg
(from Table 10) 0.12 0.08

®Assumes crop intensity of 1.0 (one crop grown per season) both with

and without irradiztion. The use of this assumption probably causes
an understatement of benefits to vegetables since multiple cropping

is likely to occur as export markets are developed.
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for irradiation treatment of fruits and vegetables. It
should be noted that these responses represent the initial
reaction of the exportars during brief interviews and it is
possible they would be willing to pay more if the costs of
irradiation warrant it. It appears $.05 per kilogram would
be a conservative estimate of the benefits exporters would

receive from irradiation services.

Secondary Benefits

Secondary benefits will be generated from a successful irra-
diation program by helping to maintain and expand the agri-
cultural economic base for countries in Central America and
the Caribbean. Secondary benefits fesult from forward pro-
duction linkages ("stemming-from" benefits) that increase
the income and employment of those who process agricultural
output (e.g. the exporters discussed above), or backward
production linkages ("induced-by" benefits) that increase
the income and employment of those who provide goods and
services to the agricultural sector. These types of bene-
fits can be measured by the use of input-output models
developed for specific geographical areas. However, the
development of these models is a time-consuming and costly
process. No suitable existing models were discovered on the
field trips or in a library search. However, a rough esti-
mate of the magnitude of such benefits can be developed on
the basis of models developed for similar crops in other

countries.

In general, crops that require more fertilizer, farm labor,
pesticides, improved seeds, and other inputs or that require
intensive processing before they reach consumers generate
relatively high secondary benefits. Fruits and vegetables
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do require greater farm inputs than the traditional subsis-
tence crops (corn, beans, and wheat), as indicated by the
farm budget analysis. Since the fruits or vegetables that
would be irradiated are for fresh consumption, they require
relatively little processing, and therefore generate limited
employment or other secondary benefits on their way to the
market. The processing required for the basic crops is also
of limited economic consequence. Therefore, the net in-
Ccrease in secondary benefits that can be anticipated from a
shift in cropping pattern firom basic crops to export fruits
and vegetables is relatively limited. An exception would
occur in situations where crop intensity (multiple cropping)
is increased. A rough estimate of the "simple" multiplier
is 2.2 based on past expericnce in developing countries.
This takes into account only the direct and indirect changes
in income resulting from a one dollar increase in agricul-
tural sector output. Thus, an increase in direct income of
one dollar in the agricultural sector can be expected over
time to lead to a total increase in income to the regional

economy of about $2.20.

Benefits to Governments

Maintaining and potentially expanding the production of
fruits and vegetables affected by the EDB ban would be of
substantial benefit to the governments of the involved coun-
tries. The benefits would be in the form of improved em-
ployment, higher standards of living, increased national
output, and better balance of payments. It appears there is
also the potential for a more desirable distribution of in-
come to relatively poor people, since farmers are a major

recipient of benefits.
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Benefits to U.S. Consumers

The benefits of a successful irradiation program to U.S.
consumers would occur as a result of maintaining an adequate
supply of fresh fruits and vecetables, with fewer toxic
residues, during periods when U.S. production is limited by
weather and other conditions. These consumers would receive
monetary benefits in the form of relatively low and stable
prices for these commodities. Quantifying these benefits
would require studies of the elasticity of demand for the
imported crops, which are beyond the scope of this study.
However, it does appear on the basis of available informa-
tion that the cost savings to consumers, as well as the

nutritional benefits, are substantial.

Other Benefits

The above discussion has been limited to an analysis of
benefits associated with the irradiation of agricultural
products. It should be noted that irradiation technology
can be used for a variety of other purposes, such as the
sterilization of medical supplies. These other applications

warrant further investigation in subsequent studies.

Adverse Effects

The potential adverse effects on enterpirises providing al-
ternative methods of meeting quarantine requirements appear
to be limited or nonexistent. This is because alternatives
are practically nonexistent for the crops being considered
for irradiation treatment. The owners of fumigation cham-
bers are the most seriously effected, but the cause of their
problems is the EDB ban rather than +the threat of competi- ]

tion from irradiation facilities.
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Farmers or exporters that do not have access to the irradia-
tion facility could be adversely affected. It is highly
recommended that requlations be adopted to govern the opera-
tion of any irradiation facility to prevent it being used to
create a production or export monopoly. This is necessi-
tated by the capital intensive nature of an irradiation fa-
cility and the likelihood that most local production areas

will not warrant the construction of more than one ftacility.

Domestic (Central American or Caribbean) consumers could be
adversely affected if the shift in production toward export
markets causes local prices to rise. It appears unlikely
that the price increases would be great since the potential
for increasing the yields of these basic crops is relatively
high. Furthermore, any increase in prices should be more
than offset by improved general economic conditions. How-
ever, this issue does appear to warrant further investiga-

tion in more detailed studies.
As the imports into the U.S. increase, some competitive
pressure on U.S. producers will undoubtedly surface, parti-

cularly for the citrus, papaya, and avocado markets.

PROJECT COSTS

The capital and operating cacts for installing a cobalt-60
irradiation facility in Guatemala were estimated in Chap-
ter 4 for four differently sized irradiators. These costs
are summarized here for use in the economic analysis and are
used in a slightly different way in the next section for the

financial analysis.

In an economic analysis, costs are viewed from a national

perspective. Consequently, the taxes and duties are
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excluded and shadow prices1 are used for the estimates where
appropriate. They are based on price levels in 1984. Local
costs have been converted to dollars on the basis of an ex-
change rate of 1.49 quetzales per dollar. The assumed use-
ful life of the facilities is 20 years and the discount rate
is assumed to be 10 percent.2 A summary of the economic

costs for the irradiation facilities is presented in Table 12.

COMPARISON OF BENEFITS AND COSTS

There is considerable uncertainty about the quantities of
fruits and vegetables requiring irradiation treatment for
any of the countries in the study region over the useful
life of an irradiation facility. The plantings and result-
ing supply of annual cash crops depend in large part on
farmers' anticipation of crop marketability. For perennial
crops such as mangoes, the supplies are more predictable,
As shown in Table 12 and Figure 4, the costs of irradiation
treatment vary substantially as the volume of throughput
changes. Consequently, a general economic model was
developed, based on conditions in Guatemala, to determine
the approximate throughput required for an irradiation fa-
cility to be feasible from the national economic viewpoint.

This model is summarized in Figure 4. Only benefits to

l"Shadow prices" are measures of the "true" values of pro-
ject inputs and outputs with the influence of market dist-
ortions removed. A detailed analysis of prices was beyond
the scope of this study; however, it does not appear that
any of the prices used in this analysis are sufficiently
distorted to affect the study conclusions.

2A discount rate is the expression of the time value of
capital used in equivalency calculations comparing alter-
natives. The ideal discount rate would achieve a rate of
capital formation maximizing social welfare. Therefore,
the rate selected involves value judgments of the govern-
ments of the participating countries. The decisionmakers
in these countries may choose a different rate than the
10 percent assumed for this analyses,.
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SUMMARY OF ECONOMIC COSTS FOR FOUR DIFFERENTLY SIZED COBALT-60 IR

Table 12

LOCATED IN GUATEMALA

{($ x 1,000)
1
Throughput (kg/hr) = 16,000
Item Source (MCi) = 0.6
Capital Cost 3,369
Interest During Construction 337
Total 3,706
Annual Equivalent (0.11746) 2 435
Annual Operating Cost 138
Total Annual Cost 623
Unit Costb
8,000 hr/yr $0.005/kg
6,000 hr/yr 6.G06
4,000 hr/yr 0.010
2,000 hr/yr 0.019
1,000 hr/yr 0.039
500 hr/yr 0.078

a . . .
Amortization factor assuming a

10 percent.
Units are dollars
hours per year.

per kilogram of throughput as a fun

[
(=)}
F =N

(2]
N
\0

$0.096/kg
0.007
0.011
0.022
0.044
0.088

$0.007/kg
0.009
0.014
0.028
0.057
0.113

useful life of 20 years and a discount rate of

ction of workload in

XADIATORS

4,000
0.15

1,892

$0.011/kg
0.015
0.023
0.046
0.091
0.182
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HYPOTHETICAL EXAMPLE (See dashed lines on diagram )

Assumptions

— Annual throughput of 21 million kilograms of mangoes

Capacity of 16,000 kitograr~ per hour to meet peak seasonal needs

— No increase in throughput over 20-year useful life of facilities

Constant price levels and 10 percent discount rate

Conclusions

— Annual farm benefits are $1,680,000 (21 million kilograms X $.08 per kilogram)

Annual project costs are $630,000 (21 million kilograms X $.93 per kilogram)

Benefit-cost ratio is 2.7 {$1,680,000--$630,000)

Project is economically feasible

Figure 4

FARM BENEFITS AND COSTS OF
IRRADIATING FRUITS AND VEGETABLES
AT VARIOUS LEVELS OF THROUGHPUT
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farmers are included in the model because they are the most

substantial and measurable.

Elthough the other benefits are important, they are diffi-
cult, and in some cases inappropriate, to relate to project
costs. For example, in estimating project costs, considera-
tion was not given to pctential indirect or induced costs to
provide infrastructure (such as roads and utilities) for the
irradiation facility. Therefore, including secondary bene-

fits and not secondary costs might bias the analysis.

The cost curves shown in Figure 4 are for irradiators de-
signed with a capacity of 4,000 kilograms of throughput per
hour and 16,000 kilograms of throughput per hour, respec-
tively. Both curves indicate that the cost per kilogram for
irradiation falls uramatically as the annual throughput in-
creases from 2 million kilograms to about 30 million kilo-
grams. The cost per kilogram continues to decline as
throughput is increased to over 90 million kilograms, but at
a decreasing rate. This illustrates how critical the quan-
tity of throughput can be in determining the economic feasi-
bility of an irradiatior facility, particularly if the
potential throughput is limited.

The vertical distance between the cost curve for the 4,000~
kilogram-per-hour facility and the 16,000-kilogram-per~hour
facility indicates the savings in costs that can be realized
if a given level of throughput can be accomplished with the
smaller capacity facility. However, the larger-capacity
facilities might be recessurv to meet processing needs dur-
ing peak seasons, such as the months when highly perishable

crops are harvected.
The points of intersection of the cost curves with the bene-

fit curves indicate the throughput required for benefits to

equal costs. The points of intersection in Figure 4 occur
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for an annual throughput of approximately 10 million kilo~-
grams (15 million kilograms) per year. For greater through-
puts, the facility would have a favorable benefit-cost
ratio, and for lesser throughputs the ratio would be unfavor-
able. Therefore, the model can be used as a crude tool to
estimate benefits and costs for irradiators with varying
capacities, annual throughputs, and types of crops.

Figure 4 indicates that irradiation has good potential from
an economic viewpoint as a quarantine treatment for fruits
and vegetables at annual throughput levels cf approximately
10 million kilogram or more (this assumes that the Guatemala

model is valid for general inferences).

A hypothetical example was developed to illustrate the use

of the model for estimating the farm benefits and costs of
installing a facility in Haiti to irradiate mangoes. It was
assumed that the costs would be similar to those for install-
ing and operating a cobalt-60 irradiator in Guatamala and
that the annual throughput would be 21,000 tonnes of mangoes
per year.1 It was further assumed that, because of the sea-
sonal nature of the mango market, an irradiation facility
with a capacity to handle 16,000 kilogram per hour would be
required to handle peak processing period needs. The facil-

ity would be idle during the off-season.

The curves in Figure 4 indicate that the annual benefit at
the farm level alone would be $1,680,000 (21,000 tonnes at
$.08 per kilogram) at 1984 prices. The annual costs would
be approximately $630,000 (21,000 tonnes at $.03 per kilo-
gram) . Thus, the ratio of farm benefits to project con-
struction and operating costs would be about 2.7 to 1.0,

assuming that throughput remains constant at 21,000 tonnes

1The 21,000 tonnes represents a rough estimate of potential

mango exports to the U.S. from Haiti in the year the irra-
diator would become operational (1988). It is based on
current plantings and recent production trends.
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per year over the 20-year useful facility life. The inter-
nal rate of return, given the same assumptions, would be
37 percent,

It should be remembzred that the model was developed to pro-
vide generic, order-of-magnitulde estimates of farm benefits
and costs. Site-specific feasibility studies should be con-
ducted prior to any decision to construct an irradiation
facility at a particular location.
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FINANCIAL FEASIBILITY

A project is financially feasible if sufficient funds can be
raised to pay for project construction and operating costs.,

A project financed strictly as a private sector enterprise
must generate sufficient revenues to cover the operating
costs and provide a satisfactory return on investment. How-
ever, as seen in the discussion of benefits in the economic
analysis, the beneficiaries of a project such as an irradi-
ation‘facility frequently include many parties in addition

to thellnvestors in the facilities. Consequently, when a
project is not financially feasible from a private investor's
viewpoint, there is often justification for a public entity,
which views benefits from a broader perspective, to subsidize
the project. The primary purpose of this analysis is to
consider the feasibility of an irradiation facility from a
private investor's viewpoint so as to determine whether

government assistance appears warranted,

PROJECT COSTS

The costs of an irradiation facility from a private inves-
tor's viewpoint are basically the same as those given in the
economic analysis, but there are some important differences.
For example, market rather than "shadow" prices are used in
estimating costs. 1In other words, taxes and duties must be
included as costs, subsidies are not included as costs, and
the influence of inflation must be considered. The private
investor must also consider the risk of the venture and re-
flect this in the amortization period for debt and rate of

return on investment.

A summary of the financial costs of four differently sized
irradiators is presented in Table 13. For simplicity, it
was assumed that the construction costs are financed with a

2-year ioan at 12 percent interest. Interest is paid as
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SUMMARY OF FINANCIAI COSTS FOR FOUR

Table 13

DIFFERENTLY SIZED COBE

LOCATED IN GUATEMALA

($ x 1,000)
. 1
Throughput (kg/hr) = 16,000
Item Source (MCi) = 0.6
Capital Cost 3,369
Impcrt Fees 461
Cost Escalation 96
Interest on Construction Loan 471
Total 4,397
Annual Debt Service (0.19171) A 843
Annual Operating Cost? , 207
Total Annual Costa 1,050
Unit Costa’b‘
8000 hr/yr $0.008/kg
6000 hr/vr 0.011
4000 hr/yr 0.016
2000 hr/yr 0.033
1000 hr/yr 0.066
500 hr/yr 0.131

a .
Year One of operation.

Units are dollars
hours per vyear.

2
12,c00
0.45
2,823
372

80

$0.009/kg
0.012
0.018
0.037
0.074
0.147

ALT-60 IRRADIATORS

w
N
[Xe]

w
~

o
(=}
~l

$0.012/kg
0.016
0.023
0.047
0.093
0.187

per kilogram of throughput as a function of workload in

$0.018/kg
0.025
0.037
0.074
0.148
0.295



part of a 10-year loan taken out when the project becomes
operational. The interest on the latter loan is assumed to
be 14 percent and debt service begins in the first year of
facility operation. Costs are assumed to escalate at an
annual rate of 5 percent. Import fees are assumed to be

25 percent of the capital cost for import materials and

equipment.

PROJECT REVENUES

Service fees must be established at rates that will generate
sufficient revenues to provide a positive cash flow over the
useful life of the facilities and provide a satisfactory
return on investment. If revenues are not sufficient to
cover costs in each year of the analysis, then an alterna-
tive method of financing or method of covering the shortfall
must be found. Obviously, the service fees cannot exceed

the amount customers are willing and able to pay.
As discussed in the section on benefits to exporters, it
appears that about $0.05 per kilogram could be charged for

the irradiation treatment of fruits and vegetables.

CASH FLOW ANALYSIS

Relating the assumed service fee of $0.05 per kilogram to
the unit costs at the bottom of Table 13 indicates the
capacity and utilization requirements that an irradiation
facility must meet to have a positive cash flow in the first

year of operationl. For example, a facility designed with

1According to Allan Chin, President of Radiation Sterilizers,
Inc., the financial benchmarks used by the medical industry
in the commercial sterilization of medical devices are that
the short-term income should be about $1.25 million per
year, with long-term potential of several million dollars
per year.
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a capacity of 4,000 kilogram per hour that is operated
6,000 hours per year (24 million kilogram of throughput per
year) would have financial costs of about $0.025 per kilo-
gram, given the assumptions used in this analysis. Thus, if
exporters were willing to pay $0.05 per kilogram as a ser-
vice fee, the facility would have a positive cash flow in
the first year of operation; the revenues-to-cost ratio
would be 2 to 1. On the other hand, if the facility oper-
ated only 2,000 hours per year (8 million kilograms of
throughput per year), the cost per kilogram would increase
to about $0.074. This would exceed the assumed service fee
and result in a negative cash flow. The facility would not
be financially feasible unless some other form of financing

or assistance could be arranged.

SOURCES OF FINANCING

The sources of financing considered in the analysis include
the private sector, host country governments, multilateral
lending institutions, U.S. Trade and Development Program
(TDP), and AID. A brief assessment of the potential for

financing from each of these sources follows.

Private Sector

The potential for private sector financing of irradiation
facilities in the Caribbean or Central America appears lim-
ited unless some government guarantees and assistance are
provided. Cooperation by the host government is critical if
delays in construction and operation are to be avoided.

Such delays can be financially disastrous to a private ven-
ture. Another major obstacle to private sector financing is
the uncertainty over the quantities of throughput that would
be available for processing by an irradiation facility,

With the possible exception of the Haiti mango crop, agri-

cultural assistance programs appear necessary to assure the
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farmers that they will have an adequate market if they qrow
the crops, and to assure those financing the irradiation
facility that the supply of commodities necessary for a
profitable operation will be available. Obviously, the
acceptability of irradiation treatment to the U.S. Govern-

ment and ccnsumers must be demonstrated.

As shown by the foreqgoing economic and financial analyses,
the potential rewards to private investors in an irradiation
facility can be substantial if sufficient levels of through-
put can be attained. Therefore, if appropriate levels and
types of government cooperation and support can be devel-
oped, it is anticipated that the private sector could play
an important role in the transfer of irradiation technology

to the area.

Interviews were conducted with a few firms to obtain a pre-
liminary indication of interest in financing irradiation
facilities. Some commercial jirradiation firms have expressed
an interest in installing a facility to irradiate mangoes in
Haiti. No other active negotiations for the installation of

agricultural service irradiators were discovered in the area.

Trading companies are another potential source of private
sector financing. These companies have been formed by a
wide variety of institutions ranging from commercial banks
to local entrepreneurial groups, often with access to fund-
ing from development agencies such as AID. They provide a
wide range of export related services including facilitating
joint ventures, becoming investors, and providing financing,

warehousing, market support, and access to foreign exchange.

Another possibility is private investment and development
companies, such as the Latin American Agribusiness Devel-
opment Corporation S.A. (LAAD). LAAD serves as a develop-

ment bank and is also permitted to take equity positions in
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projects. It has financed and developed agribusiness
projects in Latin America involving all phases of produc-

tion, processing, services, technology, and marketing.

Host Country Government

As indicated in the economic analysis, the potential national
benefits from installing an irradiation facility are sub-~
stantial. Consequently, there are strong incentives for
host country governments to participate in the financing of
irradiation facilities and related infrastructure needs.
However, most of the Central American and Caribbean coun-
tries already have serious debt problems. These problems
have reached the critical stage in rece' sears because of
(1) difficulty in expanding exports to the industrialized
countries, (2) high interest rates, and (3) continued de-~
cline in net lending to the region, especially by commercial
banks. Therefore, it appears that the financial support
that can be provided by the host country governments for the

transfer of irradiation technology will be rather limited.

Multilateral Lending Institutions

International lending institutions such as the World Ba.k
and the Inter-American Development Bank are potential
sources of financing for technology transfer. The central
purpose of the World Bank, which consists of the Inter-
national Bank for Reconstruction and Development (IBRD) and
International Development Association (IDA), is to promote
economic and social progress in developing nations by help-
ing raise productivity. This is also the central purpose of
the International Finance Corporation (IFC), which is affil-
iated with the World Bank. The IFC works closely with pri-
vate investors and invests in commercial enterprises in
developing countries, if the ventures cannot be undertaken

in a timely or appropriate way without IFC participation.



The Inter-American Development Bank (IDB) was created to
help accelerate the economic and social development of its
member countriec in Latin America. It has become the prin-
cipal source of external public financing for most of the
countries in the Latin Ame.sizan region. Recently, the
Inter-American Investment Corporation (IIC) was established
as an affiliate. Its purpose is to promote economic devel-
opment by encouraging the establishment, expansion, and mod-
ernization of private enterprises in such a way as to

supplement the activities of the IDB.

The projects financed by the 1ERD, iDA, and IDB tend to be
much larger and require more lead time (18 months or more)
for approval than is desired for the irradiation technology
transfer program. They are also reluctant to finance proj-
ects requiring research and development work. However,
there does appear to be the potential for obtaining finan-
cial assistance as part of one of their ongoing projects,
particularly if it could be demonstrated that irradiation
technology transfer would contribute to the success of the
project. For example, many of the projects of the IDB have
been to promote agricultural dcvelopment and improve the
balance of trade in Latin American countries. Iu those situ-
ations where the lack of a suitable quarantine treatment
might jeopardize the success of such projects, the IDB may
be receptive to financing an irradiation facility. It also
appears worthwhile to consiier the potential for IFC or IIC

participation.

Trade and Development Program

The United States Trade and Development Program (TDP) pro-
motes economic development in Third World countries, partic-
ularly the middle-income developing countries, by financing
planning services for development projects leading to the
export of U.S. goods and services. Feasibility studies are
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financed by TDP on a cost-sharing "reimbursable grant" basis
to assist investors in obtaining risk capital for the
development of prospective projects. Funding for project
implementation must be available from the host country's own
foreign exchange, international financial institutions, U.S.
Export-Import Bank credits, commercial borrowing, foreign

investments, or counter-trade.

UC.S. Agency for International Development

The potential for financing by AID appears to warrant fur-
ther consideration. &As indicated in the economic analysis,
the potential benefits appear to be great in relationship to
the costs. It appears that a large portion of the benefits
will flow to poor farmers. Thus, the program would support
economic growth with equity, which is a primary policy ob-
jective of AID. Furthermore, there is evidence that the
success of other agricultural development projects supported
by AID could be enhanced by developing a suitable alterna-

tive to EDB as a quarantine treatment.

In addition to the potential for irradiation technology
transfer fitting into the general AID Development Assistance
Programs, there is the possibility of obtaining financial
assistance from the Bureau for Private Enterprise. The aim
of the Bureau's program is to help AID offices in the field
use private enterprise to promote development. Loans can be
made from a revolving fund for commercially viable projects
with a strong development rayoff. These loans are managed

by the Bureau's Office of Investment.
CONCLUSIONS

It appears that irradiation as a quarantine treatment for
fruits and vegetables is financially feasible if the through-
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put is sufficient to reduce unit costs, as reflected in ser-

vice fees, to affordable levels. However, as described

elsewhere in this report, the suitable export crops
ited in most countries, and there is a general need
search and demonstration facilities. Therefore, it
that financial assistance in the form of grants and

interest lcans will be needed if this technology is

are lim-
for re-
appears
low-

to play

a significant role in the agricultural development of most

Central American and Caribbean countries. It alsc appears

that this type ol assistance is warranted in view of the

potential excess of public benefits over public costs as

identified in the ecoromic analysis (Figure 4).

125



SOCIAL FEASIBILITY FOR HAITI

This section summarizes important factors in the social
soundness of low-dose irradiation in Haiti. This subject is

treated in greater depth in Appendix K.

EXISTING CONDITIONS

As the least developed nation in the Western Hemisphere,
Haiti depends heavily on agriculture as a basis for its
economy and society. But fundamental weaknesses severely
limit agricultural performance: high rural population
growth, lack of arable land, extreme deforestation and soil
erosion, cultivation practices that lead to soil exhaustion,
inadequate extension and credit services, poor rural roads,
and limited agricnltural technology. The grim consequences
have been insufficient food supply for the growing popula-
tion, high food prices that particularly affect the poor,
declining rural incomes, and heavy migration to cities in

search of nonexistent jobs.

Mango production stands in sharp contrast to much of the
generally bleak agricultural picture. Fresh mango export

has become a vital industry of Haiti; it has experienced a
2l1-percent annual growth rate for the last 10 years. Mangoes

are now second only to coffee in export value.

Peasant cultivators with small, fragmented landholdings pro-
duce almost the entire crop of fresh mango exports. The
peasant production is strongly oriented toward market sales
rather than household consumption or subsistence agriculture.
Peasants throughout the country purchase substantial amounts
of the food they eat and sell substantial amounts of what
they grow. To provide some security against fluctuating
markets or unplanned setbacks, the peasants are multivoca-

tional and their crops are diversified. Fresh mango exports
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(11,000 tonnes in 1984) directly affect approximately
6 percent of the population and make up slightly over 20

percent of the producers' total cash income.

Fresh mangoes are the only Haitian export crop that depends
on EDB for quarantiné treatment. After August 31, 1985,
when mangoes fumigated with EDB will no longer be allowed to
enter the United States, Haiti stands to lose at least

90 percent of its fresh mango export market. Irradiation is
seen by many as the only long-term alternative to EDB. The
initial development of the mango export market provided not
only many obvious economic benefits to the producer, inter-
mediary, and exporters, but also important social benefits

as well. These include:

o} The creation of a new market for an agricultural
commodity that producers have in such surplus that

it often goes to waste

o The crcecation of new jobs in the rural areas and in

the capital city

o An increase in rural incomes because of elevated

prices for the export variety mango

o The exportation of an agricultural crop for which
no new technology and no retraining of farmers are

needed
o The development of an agricultural export crop
that does not compete for space with other food

crops that are needed to feed the population

o An incentive for landowners to plant mango trees
and let existing trees stand, thus preventing de-
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forestation and soil erosion, which are critical

problems in Haiti
By keeping the mango export market open through the use of
an acceptable alternative to EDB, such as irradiation, these

social benefits of the mango industry can be continued.

SOCIAL IMPACTS OF CROP IRRADIATION

Impacts are usually identified by comparison of "with proj-
ect” and "without project" conditions. This conventional
approach is difficult owing to the special circumstances of
the mango export market: it has grown vigorously in the
past decade and probably could double in the next few years,
but it faces the threat of serious decline until a replace-
ment for EDB fumigation proves feasible. The longer re-
pPlacement is delayed, the more serious (and perhaps perman-
ent) that decline will be. Under the "with" condition, an
irradiation facility would not become operational until
about 1988. By that time, social and economic deterioration
would be similar under both "with" and "without" conditions.
This damage from the EDB ban makes it difficult to clearly
isolate project impacts through the normal "with" and "with-

out" contrast.
What is clear is the severe disruntion af +ho manma mvmaei

tions. Farmers unable to export their Francis mangoes would
probably keep their trees for domestic sale and home con-
sumption, or cut the trees as Jumber to raise cash.

Even if they are able to keep their Francis mango trees,
farmers in need of cash for survival who lose export sales
may be forced to cut down their local trees (for fuel,
furniture, or other plantings) and thus lose an important

source of family nutrition (vitamins C and A) and income.



The interruption of mango exports, even for only a few
years, would result in inevitable, costly deterioration in
equipment for washing, sorting, packing, and storing
mangoes. These threats to cash farming, subsistence living,
and export processing indicate the significant social bene-
fits that could result from the rapid development of a suit-

able replacement for EDB fumigation.

The integration of a food irradiator into the fresh mango
export market chain would have less potential for social
innovation or change than most development projects. Irra-
diation would merely replace the fumigation step in the pro-
cessing line; it would not alter either the sequence or the
relative priority of any of the other steps. Thus, the har-
vesting, storage, packing, and distribution stages would
remain unaffected and proceed as before. This would help
maintain the status quo of the current social benefits

created by the mango export industry.

The individual export firms in the fresh mango industry are
extremely competitive and mistrustful of each other. More-
over, new firms continue to enter the market and intensify
the competitive climate. Two benefits from this competition
are (1) higher prices for the farmers and (2) an incentive
to plant (or not cut down) the export variety mango trees,

which help conserve the soil.

This competition could, however, stifle general access to
the irradiation facility if any one export firm or associa=-
tion were able to control it. By excluding other exporters
from the plant, the controlling firm would drive his compe-
titors out of business. Thus, whatever the financing or
managerial arrangement, it is critical that all groups pres-
ently involved and new groups who wish to enter the industry

all have equal access to the irradiator.
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If a decision is made by the government to license an irra-
diator, public acceptance of it in Haiti should not be a
major issue. Not only is opposition to any government reso-
lution muted at best, but widespread public concern for en-
vironmental issues has yet to develop. If such concern does
exist, it is subordinated to that of concern for the impact
of the EDB ban on Haiti.

Consumer acceptance of irradiated mangoes would probably not
be an issue in Haiti. Currently, only unfumigated mangoes
are sold in the domestic market, and there is no reason to
anticipate that this practice would change substantially

because of irradiation.

Several problems surround irradiation of Haitian fruit be-
cause of social factors external to Haiti. The.first factor
involves the long-range acceptability of low-dose irradia-
tion as a method to meet United States quarantine require-
ments. Individuals in the Haitian mango industry have
expressed the opinion that United States government accept-
ance of low-dose irradiation could be as transient as that
of EDB. However, this is not a factor over which either the

Haitian government or the mango industry has any control.

The second factor concerns American consumer acceptance of
mangoes and other produce that have been irradiated. Most
informants were skeptical that the United States buyers will
purchase treated mangoes. The most disconcerting opinion is
that the United States will "use" Haiti to "experiment" with
irradiation's acceptability. According to this reasoning,
Haiti is the most vulnerable country in terms of the EDB
ban; it will have no choice but to agree to the construction
of an irradiation facility. If the experiment works and
irradiated Haitian mangoes are acceptable to U.S. consumecrs,
the United States will then build more such facilities at

home and in other countries.
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MITIGATING MEASURES

To respond to concerns about consumer acceptance, it is rec-
ommended that market research first ascertain the accept-
ability of treated mangoes and other produce among American
buyers. Once market research has answered these questions,
the Haitian government, the mango exporters, and other
interested parties could make informed decisions concerning
the construction of a facility. If no market research is
done and an erroneous decision is made, the result will be

an avoidable strain in U.S.-Haitian relations.
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SOCIAL FEASIBILITY FOR GUATEMALA

The potential for food irradiation in Guatemala depends on
the ability and willingness of small farmers to shift pro-
duction to nontraditional export crops. This chapter sum-
marizes findings related to this subject; Appendix L
contains the full analysis. It is based on field work in
Guatemala that involved key-informant interviewing with
people representing the entire range of the agricultural

cycle and on as analysis of secondary data sources.

EXISTING CONDITIONS

Existing conditions for farmers are related to a rapidly
growing population and skewed land distribution.. The annual
rate of growth during the last thrce decades has been over

3 percent, which doubles the population every 23 years.

From 4.3 million in 1964, the population rose to 5.2 million
in 1973, and was projected at 7.5 million in 1981 (Hough

et al., 1982). One recent study indicated that 94 percent
of the arable land in the country was being used with cnly
small variations between regions {BID 1977). The skewad
land distribution is one of the most extreme in Latin
America: 1In 1979, 78 percent of the farms were less than
3.5 hectares; 88 percent of all farms were too small to pro-
vide for family needs (Hough et al., 1982). The number of
landless rural people has increased, leading to urban mi-

gration and rural unemployment and underemployment.

Widespread poverty has characterized the highlands in Guate-
mala, the area that would be affected by expanded production
opportunities made possible by irradiation. With increasing
population pressures and a limited arable land base, Indians
have responded in various ways: (1) permanent urban migra-

tion; (2) seasonal labor migration (although the Indians

have practiced seasonal migration from the highlands into
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the lowlands for generations to offset low farm income, it
disrupts the family and workers sometimes contract malaria) ;
and (3) more intensive land use, which has resulted in signi--

ficant erosion on the steep hillsides.

Particularly in the last several years, people have re-
sponded to the market growth of nontraditional export crops
(citrus, mangoes, papayas, strawberries, stone fruits, broc-
coli, brussel sprouts, snow peas, and others). For crops
that are labor-intensive, the small-farm family, because of
its labor contribution, has been able to out-compete the

large~farm operations that must depend on hired labor.

International development assistance programs have generally
been aimed at promoting export production and increased small
farm income through fostering local leadership and agricul-
tural cooperatives; educational programs in new crops and
farming methods; local infrastructure improvement (roads);
environmental enhancement measures (terracing, small-scale
irrigation); food processing plants; and credit shared-risk
programs among farmers, lending institutions, and food

processors.

SOCIAL IMPACTS OF CROP IRRADIATION

For the most part, these assistance programs have accom-
plished significant results. Farmers have demonstrated an
ability and willingness to expand production of nontradi-
tional export crops; the stereotype of the conservative
peasant resistant to change is clearly not supported in
Guatemala. This expansion has been the key to economic
advancement for many farm families. However, certain guali-
fications are necessary to understand the potential effects

of a food irradiation facility.
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First, subsistence requirements have remained a priority.
High population densities and small farm size have meant
marginal survival for most people. The smallest of farms
(the larger percentage) have, as a matter of survival, been
excluded from economic gains resulting from development
projects. Other small farmers have experienced food short-
ages when failed market conditions have not captured
expected returns on export crops. Second, the vagaries of
the international market have militated against full confid-
ence in expanding export crop production, leading many far-
mers to choose the lower-risk option of subsistence produc-
tion. Lack of credit and credit programs whose procedures
are too complicated or that fail to share the risk with pro-
cessors and brokers are a third obstacle to expanded export
production. Fourth, both local and international transporta-

tion have been bottlenecks in marketing export crops.

An additional factor affecting export production has been
periodic waves of political violence that have occurred over
the last 30 years. Informants have indicated that the most
recent program of systematic violence peaked in 1982 and
that some degree of normality has since been returning to
the area. The case must be made, nonetheless, that politi-
cal violence is related to development prospects. Five so-
cial effects nave been noted: (1) debilitating effects on
the rural economy in terms of food production, labor migra-
tion, tourism, and commerce; (2) significant reduction of
educational and health-care programs in the highlands;

(3) breakdown of local religious and family institutions;

(4) massive displacement; and (5) loss of local leadership.
Thus, political violence from opposition or government
forces could seriously limit the ability of rural develop-
ment institutions and farmers to create the new physical and
social infrastructure needed to shift from traditional crops
to new commercial crops suited to irradiation treatment and

export.



A final factor in understanding possible social effects of
food irradiation is the difference between capital-intensive
and labor-intensive crops. Generally, if market conditions
favor capital-intensive Crops, negative impacts could result
for the poor and small farmers. For example, in the Eastern
Highlands, where farm tenancy is more prevalent, if economics
favor capital-intensive crops of citrus and mangoes over the
labor-intensive crops of tomatoes and okra, plantation-style
farming could develop, displacing tenant farmers. If, how-
ever, market conditions favor labor~intensive crops, the
expanded production opportunities could be assumed to have
positive effects in fuller employment and, possiﬁly, higher

wages for this group.

Potential effects on various rural groups can be summarized
as follows: (1) Landless laborers would benefit through
employment opportunities and secondary econcmic growth, par-
ticularly if conditions favor labor-intensive crops, de-
Creasing the need for undesired labor migration; (2) subsist-
ence farmers could become more vulnerable since stimulated
land prices from economic growth has in the past resulted in
the loss of some farms; (3) small farms could be expected to
benefit most directly if labor-intensive Crops are economi-
cally more advantageous, especially those farmers with ac-
cess to irrigation; (4) larger farms would benefit if
capital-intensive crops become predominant; (5) tenant farm-
ers could become more vulnerable through potential displace-
ment with capi.al-intensive conditions or fuller employment
and secondary business opportunities with labor~intensive
conditions; (6) the mistreatment of chemicals and chemical
containers by uneducated rural workers would be reduced
through this irradiation project since postharvest fumiga-

tion would not be necessary.
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MITIGATING MEASURES

This brief summary has described the existing conditions for
small farmers in Guatemala, the factors that have inrluenced
their ability and willingness to respond to expanded export
opportunities, and potential effects on rural groups. At
the same time, opportunities exist to strengthen sociocul-
tural feasibility through possible mitigation measures.
Thece could be expected to enhance the success of the irra-
diation preoject and promote and spread its effect into other

areas:

o) Education and consultation. Farmers need informa-

tion on apvropriate strategies, guality control
procedures, and technology in order to compete
effectively. Often, timely information does not

reach potential beneficiaries.

o Formation of cooperatives. Cooperatives, despite

some shortcomings, have been appropriate vehicles
for farmers with small net harvests and limited
marketing skills. Direct attempts to facilitate
their formation could be undertaken in conjunction

with this project.

o Development of market and export capabilities. As

cooperatives have developed in skills and compet-
ence, their interest has turned to direct market-
ing and export of their members' crops, especially
since the relaticnship between producers and
exporters has at times not been positive. The
development of necessary skills and data banks
could be facilitated through food processing and
exporting. Cooperatives may join the exporters
guild that has been the recent recipient of AID
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funds for a market information dissemination pro-
gram; this is expensive and the interests of the
two groups do not always coincide. A program

through the cooperatives could be appropriate.

Providing credit assistance. Continued credit

assistance is important for long-term expansion of
export production. The risk should be spread out
along the production chain so that undue burden is

not placed on the small farmer.

Improving transportation. The transportation

bottleneck out of Guatemala is limiting export
expansion, as is th¢ lack of adequate roads in the
highlands. It is poszible that funds for road
construction could be tied to export production
levels so that attainment of certain thresholds
would trigger government and donor financial sup-
rort for expanded road construction.

Public- and private-sector coordination. A number

of public and private agencies have responsibility
and interests in rural development. Their assist-
ance and coordinated effort will be needed during
implementation of various phases of an irradiation
project, especially those related to rural educa-
tion and market development. Past problems indi-
cate the need for attention to this issue during

pre-project planning.

Address employment and migration problems. Con-

cern has been growing that increased small-farm
employment may be affecting seasonal and migratory
employment patterns in the lowlands. Further

study could determine if lowland employers are
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experiencing labor shortages and identify oppor-

tunities to resolve the issues.

Study feasibility of domestic food irradiation.

The quality and quantity of domestic consumption,
especially in urban areas, could be improved if
plant siting, additional transportation, and cost
logistics could be worked out. It is possible
that economies of scale to achieve necessary vol-
umes could be achieved as well. A feasibility
study for domestic markets would be appropriate at

a later stage.
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SOCIAL FEASIBILITY CONCLUSIONS FOR HAITI AND GUATEMALA

Development projects are judg.d to be socially feasible on
the basis of four general tests. These tests show simi-

larities and differences for Haiti and Guatemala.

MUTUAL ADAPTABILITY

The project and the people's way of life (in this case, the
organization of productive activities) should be effectively
fitted to each other. Since an alternative to EDB fumiga-
tion of mangoes in Haiti would not change the existing prac-
tices or relationships among farmers, intermediaries, and
exporters, the social fit between people ard project has
already been achieved there. The major adaptations required
in Guatemala would be the activities proposed in the pre~
vious section, to create agricultural services enabling
farmers to raise new crops suitable for irradiation proces-
sing and export. Such social adaptations in rural Guatemala
are essential to achieving results for the farmers and also
for an economically feasible food irradiation facility. As
the analysis in this chapter demonstrates, the economic
feasibility of a food processor depends on the total volume
of food it processes each year. An adequate volume of
throughput would require the development adaptations pro-

posed in the social mitigation measures cited above.

PARTICIPATION

The project should enable the pecple involved to participate
ir ways that make project benefits more likely and realistic.
A major concern of key people interviewed in both countries
is their uncertainty about whether United States consumers
will accept irradiated imported food. 1In this sense, United
States consumers will be key participants in a successful
project. Consumer acceptance is more pressing for Haiti but

139



is important for both countries. The active participation
of Guatemalan farmers in the experimental and commercial

growth of new varieties of export crops is essential.

SPREAD EFFECTS

Project benefits should diffuse widely among the population
and should continue after the construction of project facil-
ities. The benefits of mango export in Haiti have spread
rapidly in the past decade to a substantial number of farmers
and will probably continue if exporting remains possible.
Benefits from raising export crops could spread widely in
the highlands of Guatemala if the types of agricultural ser-
vices mentioned above under mitigating measures were devel-
oped along with a food processing center. The longer-term
durability of project benefits in both countries would de-
pend on the continuity of market demand for imported fresh
horticultural food in the United States and other importing

countries.
EQUITY

Project benefits should be targeted toward poor people, and
adverse impacts should be mitigated. Rural beneficiaries in
Haiti are almost entirely small farmers owning a few trees,
and the distribution of the added export price seems reason-
able among growcrs, middlemen, and exporters. 1In Guatemala,
small farmers and even landless workers could benefit from
raising labor-intensive export crops. Research and develop-
ment work on processing labor-intensive crops would produce
greater equity gains than processing capital-intensive crops.
The mitigation measures cited above would also improve the
equity results substantially. Equal access to the food pro-
cessor is also a crucial equity issue in both countries, as

covered in the social analyses.
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INSTITUTIONAL FEASIBILITY

The institutional issues that will affect the feasibility of
building food irradiation facilities in the Caribbean Basin
region fall into three categories:

o United States legal and regulatory processes that

affect food imports
o Caribbean regional activities and programs
o National policies and requlations

INSTITUTIONAL ISSUES IN THE UNITED STATES

Throughout the field investigation for this study, two
issues were mentioned almost universally by packers and
exporters: (1) the status of current U.S. laws and regula-
tions concerning irradiated food and (2) the acceptance of
irradiated food by U.S. consumers. The former will be
summarized here; the latter is discussed in Appendix I.

The regulations and laws affecting the importation of pro-
duce into the U.S. are governed by four agencies: the
APHIS, EPA, FDA, an:i U.S. Customs Service. If food irradi-
ation is adopted, all four of these agencies will not only
have to coordinate their policies and programs, but each
agency also will have to revamp its procedures, internal
regulations and, in some cases, its enabling legislation.
Furthermore, each commodity variety from each exporting
country will have to be approved separately on the basis of
extensive research on both efficacy and phytotoxity. Though
this research has already been performed for certain vari-
eties of papaya, a great deal remains to be done for the
other commodities. Questions yet to be answered are who

will perform this research, who will pay for it, and how
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detailed must it be. Many researchers, both public and
private, are hesitant to begin this research until the FDA
issues its determination that irradiation to a given dose
provides a wholesome product and no further toxiconlogical

testing is required.

The APHIS regqgulations, which currently require fumigation
treatments to the Probit 9 level (99.9968 percent mortal-
ity), should also be reviewed. In the case of many pests,
low-dose irradiation has the effect of sterilizing the
insect or otherwise making it incapable of reproducing,
thereby eliminating any potential threat to U.S. agricul-
ture. 1In a report to Congress regarding alternative
treatments for fruits and vegetables cn February 15, 1985,
the Secretary of Agriculture stated that, with the use of
irradiation as a plant quarantine treatment, "the inability
of treated, emerged adults to fly is an acceptable
criterion.” Nevertheless, current rules are based on
mortality only and require greater doses than is necessary

to maintain quarantine objectives.

Another food irradiation issue yet to be resolved is whether
irradiated foods in the United States should be specially
labeled. The major issue here is whether an open, informa-
tive approach to consumers, through a labeling campaign,
might produce an adverse reaction among consumers who would
associate food irradiation with other forms of nuclear tech~-
nology. The FDA will play the major role in the labeliing
decision and has involved other agencies and consumer groups

in soliciting their opinions.

In summary, the institutional problems involved in the
acceptance of food irradiation technology in the United
States must be addressed. The technology has been available
for years and has been adopted in a number of countries
around the world. Nevertheless, the institutional problems
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of vested interests, resistance to change, and lack of
coordination among agencies have combined to impede its
adopticn in the U.S. It remains to be seen whether the EDB
ban will be the catalyst for its approval in time to avoid
serious economic losses for those growers, packers, and

exporters involved with the ban-affected crops.

REGIONAL ISSUES

The principal regional issues concerning the adoption of
food irradiation technology center on the location of the
facilities and the necessary coordination among countries
for its use. Because of the produce volumes required to
make the technology economically feasible, it is unlikely in
the short term that every country will have its own irradia-
tor. (This issue also extends to regions and producing
areas of specific countries.) Therefore, it is highly
likely that the produce of certain countries will be trans-
shipped through and to other countries for treatment and

then re-exported to foreign markets.

This issue will most likely pertain to El Salvador and Hon-
duras, and possibly Belize, which would probably export their
produce through Guatemala. Other countries, espeqially the
island nations, could also benefit from this type of

cooperation,

This transshipment of produce and sharing of facilities
will, however, pose three problems: (1) higher transporta-
tion, loading, and unloading costs, (2) a reduction in pro-
duce shelf life, and (3) resistance from some governments
not wanting to risk the introduction of new pests from other
countries. The first two problems can be minimized through
more efficient marketing and transshipment procedures. The
last problem, pest in.roduction, will have to be dealt with

on a commodity-by-commodity basis.
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Inter-country cooperation and coordination will be

essential.

There are at least three regional institutions

that can play important roles in this effort:

The Central American Institute for Research and
Industrial Technology (ICAITI) conducts research
and disseminates the results at the request of the
public and private sectors of the five Central
American countries, Field visits to ICAITI estab-
lished that this regional organizatio~ has not
only been involved in past irradiation research,
but it would be very interested in establishing a
food irradiation research facility at its central
offices in Cuatemala City. Additionally, ICAITI
has offered to provide many of the facilities
needed for a food irradiation research effort

(land, buildings, equipment, and staff).

Since ICAITI is chartered to respond to the needs
of its five members, any research results could
easily be obtained by any or all of these coun-
tries. The training of irradiation technologists
and other necessary staff from all of the Central
American countries could also be performed by
ICAITI.

The Caribbean Agricultural Research and Develop-
ment Institute (CARDI) is ICAITI's counterpart
organization in the English-speaking Caribbean.
Discussions with CARDI's administration revealed
similar jinterest in, and support of, food irradia-
tion technology. Research, training, and advisory
activities could all be performed by CARDI under
its present mandate. As with ICAITI, at least
partial funding and specialized training would

have to be provided by outside sources.
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o The Inter-American Institute for Cooperation on
Agriculture (IICA), with offices in virtually all
of the Basin countries, could also be relied on
for many of the necessary steps in introducing a
new technology at the producer level. Data col-
lection, analysis, and dissemination would be the
main strengths of IICA. It could also be instru-
mental in educating extension agents and farmers
as to the varieties, quality, and grade specifica-
tions of produce to be irradiated. Production
volume forecasting could be conducted by IICA to
moderate potential gluts or shortages of commodi-
ties to be treated by the irradiation facility.

INSTITUTIONAL ISSUES IN GUATEMALA AND HAITI

Guatemala

Guatemala was not affected greatly by the EDB bhan, but it
produces relatively large amounts of exported fresh produce
that could benefit from irradiation. After recognizing this
potential, the government of Guatemala recently established
the General Directorate for Nuclear Energy (DGEN), within

its Ministry of Energy, Mines, and Hydrocarbons. This agency
is currently involved in registering and supervising all
nuclear facilities in the country. It also conducts research
into some of irradiation's applications in agriculture

(potato and onion sprouting, seed germination, plant breeding,

and disease control).

The DGEN vigorously supports the concept of food irradiation
and would assist an irradiation project's sponsor in making

valuable contacts with both the public and private sectors.

Together with the Nontraditional Exporter's Guild, the DGEN

would also promote information dissemination activities.
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In examining the issue of who would build and own an irradi-
ation facility in Guatemala (public sector, private sector,
or a combination), it is useful to know that several private
sector interests (two Guatemalan and one North American)
have expressed a willingness to discuss financial involve-
ment. ICAITI has also expressed interest and is willing to
serve as an institutional home for a research and training

facility and to operate a pilot commercial irradiator.

AID/Guatemala recently established a fund for financial aid
to the processors, packers, and exporters of nontraditional
agricultural commodities. Though money from the fund would
probably not cover the cost of an entire irradiator,, support
facilities (such as an information system, packing and
shipping equipment, and storage facilities) could be

financed out of this fund by private sector entrepreneurs.

The only institutional issue that could have a negative ef-
fect on project success would be the accessibility of a com-
mercial facility once it was established. Because of the
relatively large volumes required for the efficient opera?
tion of an irradiator and the high construction costs, free
market competition in irradiation services from more than
one or two irradiators cannot be expected in the foreseeable
future. Therefore, it is important that these services be
made available to as large a number of growers, packers, and
exporters as is feasible. To do otherwise would be to

Create a potential monopoly.
In swwmary, there dc not appear to be any institutional con-

straints on the adoption of irradiation technology in

Guatemala.
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Haiti

The institutional issues in Haiti differ from those in
Guatemala. The government of Haiti supports the adoption of
the technology but has no direct experience with it, has no
agency addressing nuclear issues, and would have no infra-
structural support to offer. Additionally, Haiti does not
have the benefit of a regional organization such as ICAITI,
although IICA could be of assistance in collecting and dis-

seminating information.

Despite these drawbacks, Haiti is in almost desperate need
of irradiation technology to save its mango industry, and
several institutional activities have begun in support of
the technology. At least one United States firm has
expressed interest in financing and operating a commercial
irradiation facility for the treatment of Haitian mangoes.
The threat of a suspension of mango exports has also sparked
the interest of the Industrial Development Fund (FDI), which
is amenable to the partial financing of a joint-venture for

the operation of an irradiation facility.

Last, and potentially the most important institutional issue,
the members of the Mango Exporters' Association (ASDEM) and
the Fruit Exporters' Association (ASDEF) have recently
agreed to examine the feasibility of jointly operating an
irradiator. If these Jdiscussions continue, and if the U.,S.
firm maintains its interest in building a facility, it
appears that the private sector alone will implement an
irradiation project and that the government need only be

involved in its licensing and regulation.

As in Guatemala, accessibility to the irradiation facility
is also an issue in Haiti. ASDEM has a far greater market
share than does ASDEF and there are several other indepen-

dent mango exporters as well. Nevertheless, the United
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States firm interested in building the plant has insisted
that, to ensure processing of an economically efficient vol-
ume of mangoes, all exporters must be allowed access to the
facility.

CONCLUSIONS

The institutional feasibility of introducing food irradia-
tion technology in the Basin appears to be good. Fortu-
nately, most of the institutional problems that exist have
been identified and can be resolved by the United States
government and its appropriate agencies. The governments of
the developing countries of the Basin appear ready to adopt
the technology and to give it the necessary institutional
support. The rest is up to the United States, particularly
if it wishes to continue pursuing the goals of the Caribbean

Basin Initiative.
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PROJECT RECOMMENDATIONS

A summary of the study team's project recommendations, based
on the feasibility analysis, is presented in Table 14. The
summary focuses on Guatemala and Haiti, two nations that
could benefit greatly from an irradiation facility. The

analysis also focuses on the three main irradiation options:

o Research facility, which would evaluate the tech-

nical effects of irradiation and train Caribbean
Basin participants. Evaluation of other feasibi-
lity issues would follow if the technology is

deemed appropriate.

o Commercial facility, which would be based on a

proven technology that is reasonably economical.
Future markets would be expected to sustain the

financial investments.

o Combined research and demonstration facility,

which would encompass the goals of both technology
transfer and practical, economic demonstration of
irradiation techniques. The facility would be
dedicated to personnel training and development of
other potential gquarantine treatment protocols as

wgll.

RECOMMENDATIONS FOR GUATEMALA

The prcject team recommends that Guatemala act as the host
site for a regional quarantine treatment development center
including a combined food irradiation research and demon-

stration facility.

The diversification of Central American agriculture into

nontraditional crops for export could be abruptly halted
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Table 14
THE FEASIBILITY OF FOOD IRRADIATION PROJECTS 1IN
GUATEMALA AND HAITI

Item - Guatemala Haiti
Key irradiable products Numerous tropical Mangoes
affected by EDB ban (new fruits
commodities with potential
for irradiation are shown
in Appendix D)
Initial irradiator Adequate for R&D 21,000a
throughput (tonunes/year) facility
Technical feasibility
Engineering Established Established
technology technology

Logistics and
development

Production

bottlenecks

Marketing
bottlenecks

Economic feasibility (see

Figure &)

Cost at annual
throughput ($/kg)

Adapting commercial

crops to local
environment

o Transportation

0 Quality assurance

Not applicable

Farm benefits at annual 0.05 to 0.08

throughput ($/kg)

Project will
maintain an existing
production system

o Quality assurance
0 Decline of exports
after EDB ban and

before an

acceptable
alternative

0.02 to 0.03

0.05 to 0.08

%potential throughput in 1988 assuming a 1984 U.S. import base of
10,000 tonnes and an annual growth rate in imports of 21 percent.
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Item

Table 14
(continued)

Guatemala

Haiti

Financial feasibility

Social feasibility

Institutional feasibility

AID or similar
assistance raquired

o

Need rural social
infrastructure to
enable farmers to
raise export crops

U.S. consumer
acceptance is long-
term issue

Equal access to
irradiator required

Support exists at
regional (ICAITI)
and national (DGEN)
levels

U.S. import
regulations and
domestic crop
production interests
need to be resolved
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Private investors
might sponsor
protect; some AID
cooperation
required

o U.S. consumer
acceptance is
urgent issue

o0 Equal access to
irvudiator
required

0 Support at
regional (CARDI)
level

0o U.S.~based
irradiation
facility
requirements
should be
established



if importing nations' plant quarantine requirements cannot
be met. Irradiation research is necessary to determine
minimal dosage levels necessary to eliminate pests and to
measure the effect of irradiation on crops;  However, since
irradiation cannot solve all plant quarantine problems, the
facility should be able to support research on other treat-
ment methods such as chemical fumigants, biolegical agents,
growth regulators, heat, and refrigeration. 1In other words,
it should be a regional center for the developmeﬁt of plant

quarantine treatments and the training of area participants.

A regional hybrid facility, rather than a gingle-purpose
research or commercial irradiator facility, is recommended

because:

o Private investors in Central America do not appear
ready to accept the risk of building and operating
a commercial service irradiation facility. They
must be convinced that irradiation treatment will

provide revenues that will exceed costs.

o Individual Central American countries currently do
not export a large enough volume of irradiable
crops to justify economically a commercial service
facility. However, volumes of existing irradiable
crops do appear adequate to support an irradiation
facility designed with enough capacity for re-
search and development, training, product market-
ing tests, technology transfer demonstrations, and

limited commercial service.

o Researcl capability is required because the ir-
radiability of some commodities, and the radiation
dose required to rid some commodities of pests,

are not well known.
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Training of Latin American participants is crucial

for the successful adoption of quarantine

treatment and food irradiation technologies. The

regional center will develop training programs

related to the following:

1.

Quarantine treatment development
methodologies

Rearing technologies for insect pests of

economic significance

Food irradiation protocols for tropical food
products, fresh and proce: sed

Research design of food irradiation programs
for sprout inhibition, shelf-1life extension,
quarantine disinfestation, microbial and
parasite control, and combination processing
for treatment of foods of regional

significance to Latin America

Physiclogy of insect pests of economic
importance, includ'ng trapping and monitoring
techniques and host commodity preference

determination

Facility operation and maintenance technical

training

Safety in use of fumigants and othex
pesticides and proper disposal of empty
containers

.Inspection procedures for plant quarantine

inspectors at ports of entry
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9. Training to be in Spanish, French, and
English ‘

Guatemala was chosen as the host for the regional center
because of its enthusiasm for irradiation work, its past
support for scientific and commercial uses of radiation
and because it could potentially be a large producer of
nontraditional, high-value export Crops.

The primary purpose and goal of the facility would be to
support the CBI in Central America. Because the objective
of the CBI is not the development of irradiation per se, but
rather the development of a thriving agricultural community
leading to economic well-being, it would seem both prudent
and desirable to be able to study and test all quarantine
requirements and treatment options at the regional facility.
Parallel activities seeking the best treatment option for
each commodity would provide the highest probability for
success in achieving the objectives of the CBI. Specific

tasks would include:

o Providing additional research on the quarantine
compatibility of irradiation and other alternative
technologies for current and future, traditional

and nontraditional, crops grown in Central America.

o Demonstrating to the government and private
sectors the cost efficiency, suitability, and
marketability of irradiation and other postharvest
technologies at near-commercial throughput levels.
New concepts, such as using irradiation for
quarantine purposes, require demonstration prior
to adoption and full technology transfer.

o Incorporating a regional program of cooperation
between the public and private sectors of Central
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America to facilitate rapid commercialization and
use of food irradiation technology. Establishment
of a regional center will help sustain financial,
material, and personnel support for the center's
long~term research and demonstration efforts.
Intercountry research and private sector coopera-
tion will be strengthened by this regional center.
By using the center as a training ground for sci-
entists and facility operators, the technical

capability of each participating country will grow.

The regional, combined research and demonstration facility
would be a joint venture between the Nontraditional Ex~
porters' Guild and ICAITI with the former organization
managing the commercial pcrtion of the program, and the
latter being responsible for developing irradiation
protocols and initiatives for Central America. ICAITI also
would be responsible for the dissemination of research
results and other pertinent information to its member
countries. Representatives of this regional organization
have already expressed interest in developing a program
along these lines, and have offered the possibility of such
forms of administrative and logistical support as land,

buildings, and some equipment and staff.

Financing for the research and training component would most
likely have to come from AID because it is not expected that
these activities could be economically viable in the immedi-
ate future. The Guatemalan nuclear agency, DGEN, would ex-
ercise oversight responsibilities but, more important, could
collaborate with and coordinate its research with that of
ICAITI's.

The technical specificatiouns for the regional facility

should include multi-use capability--multi-use in the sense

of research, technology demonstration, and semicommercial
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market development. It must also be multi-use as to kinds

of agricultural commodities, packaging configurations, dose
requirements, and dose distribution ratios that it can han-
dle. All of these production elements will be tested at the
facility. Because of the dersity of the agricultural commo-
dities being evaluated, the variety of package shapes and
sizes, and the relatively low initial throughput requirements,
it is recommended that the facility use either cobalt-60 or
cesium-137 isotopes as its radiation source. Electron beam

equipment is not yet adequate for such use.

RECOMMENDATIONS FOR HAITI

It is critical that an alternative to EDB be found to help
save Haiti's fresh mango export crop. Much is known about
the response of mangoes to irradiation, so developing the
dose necessary for disinfestation of the particular pests in

Haiti could be done fairly quickiy.

For Haiti, the project team recommends, first, that market
research be conducted to determine the acceptability of
treated mangoes and other produce to United States buyers.
If the market trials are successful, the team recommends
that an engineering firm, preferably financed by private
venture capital (or AID co-financing), undertake a site
feasibility study and preliminary design for a commercial-
size mango irradiator. This work will help establish more
clearly the feasibility of such a facility. It is critical
during these early stages of market research and design that
program supporters urge APHIS to develop an approved and

acceptable protocol for irradiated food imports.

Safety considerations are a common part of commercial irra-
diation technology in the United States. It is recommended
that the same requirements that are placed on United States

facilities be used as a basis for the design, construction,
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and operation of these facilities. At this time, the NRC
does not require an environmental impact statement for the
construction of an irradiator beccuse the technology is so
well developed in the medical products industry and in other
commercial applications. The government of any other
country where an irradiator was to be sited would have to
make the final decision on the need for an environmental

impact evaluation.
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Chapter 6
RECOMMENDATIONS FOR AID INVOLVEMENT

The following actions to promote food irradiation technology
transfer to the Caribbean Basin area appear to be appropriate
technical activities for AID. They are offered as possible
actions that would contribute significantly to promoting the
objectives of the CBI. Setting priorities for these activi-
ties is recognized as a policy issue and is therefore left

to the Agency.

INFORMATION DISSEMINATION ACTIVITIES

o] Coordinate roundtable discussions with host
country government institutions and local and U.S.
privaté sector orgaaizations to resolve issues and
promote rapid development of private sector food

irradiation facilities.

o Develop training tools for radiation safety suit-
able for food irradiators; for example, video
disks with multiple audio tracks (English/Spanish/
French or Instructor/Student), which can promote
interest through the video disk visual interactive

mode when coupled to a personal computer.

o Provide additional funding to the newly estab-
lished National Food Irradiation Information
Center at the National Agricultural Library,

.Beltsville, Maryland. This funding should be
directed toward supplying developing country
requests for technical food irradiation literature
services and free document or computer search
delivery to Caribbean Basin clients.
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FEASIBILITY ANALYSIS

o Use existing co-financing programs of the Bureau
for Private Enterprise to promote feasibility
analyses of, on a country-specific basis, possible

locations for irradiation processing facilities.

o Use local currencies generated from the sale of
Public Law 480 (AID Food for Peace Program) food-
stuffs to finance local research and training
activities related to food irradiation. Some
commodity research is needed to determine com-
modity phytotoxicity and appropriate quarantine
doses. These activities may be too costly for

single private sector firms to undertake.

o Provide short-term technical and marketing
assistance to help private sector entities
evaluate the investment feasibility of irradiation

processing.

o Fund or co-fund feasibility studies as a loan
origination device for specific sites within

developing countries.

o Encourage the TDP to finance site-specific
feasibility studies for food irradiators when
there is a strong likelihood that it will generate
exports from the United States' business com-

munity.

o Provide research and development funds for the
development of less costly machine-generated
radiation sources for irradiation processing at

disinfestation dose levels.
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MITIGATION OF REGULATCRY BARRIERS

o Provide technical assistance and legal advice upon
request in order to draft legislation needed for
appropriate legislative and licensing environments

for irradiator facilities.

o Provide liaison with local and regional plant pro-
tection and quarantine control officers and organi-
zations in order to promote rapid aa.ption of
procedures related to irradiation quarantine

treatment deployment.

MITIGATION OF FINANCIAL BARRIERS

o Support preinvestment surveys in cooperation with

U.S. private sector firms.

o Provide access to credit for assistance in

financing irradiator facilities.

o Provide liaison with local firms or organizations
interested in possible joint ventures with U.S.
private sector irradiation construction and

operating firms.

o Cooperate with the Export~Import Bank to provide
official guarantees and insurance for U.S. export
financing, thereby enabling U.S. firms to export
food irradiation equipment, products, and service

without undue risks of nonreceipt of payment.
o Cooperate with the Overseas Private Investment

Corporation in pioviding analysis needed for
investment insurance of overseas food irradiators.
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MARKETING

Provide matching funds to local banks and techni-
cal personnel for financial analysis of loan
requests in order to promote the understanding of
irradiation processing for adequate irradiator

financing.

AND INFRASTRUCTURE ACTIVITIES

Provide guidance in the establishment of free
zones (areas within which goods may be received
and stored without payment of duty) if appropriate

for import and export of irradiation services,

Cooperate with INCAE and the International Execu-
tive Service Corps to help transfer management
skills to Caribbean Basin food irradiation com-
Panies and joint venture entities for sound
management of irradiation processing firms,

particularly during startup operations.

Cooperate with the World Trade Institute to pro-
vide educational assistance to Caribbean Basin
personnel with responsibilily to market irradiated

products internationally.

Provide technical assistance for the development
and acceptance of grades and standards for novel
tropical fruits and vegetables that can benefit
from irradiation processing or require quarantine
treatment. This activity can support other
development projects aimed at crop diversification
and export marketing, particularly within the

Caribbean Basin.
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o Provide development assistance to establish pro-
ducers' cooperatives for the production of com-
modities suitable for irradiation and subsequent

domestic and international marketing.

The study team recommends that steps be taken to estakiish
food irradiation facilities in the Caribbean Basin. The
team further recommends that Haiti and Guatemala be the
first sites for these facilities, once the necessary legal

and reqgulatory steps are completed in the United States.

Haiti was chosen because of its dependence on Imango exports
to the United States as a mainstay of its economy, and
because the interested parties are already laying the
groundwork for the technology's adoption. Guatemala was
chosen because of the broad acceptance and awareness of the
technology in the country's agricultural industry and gov-
ernment agencies, the presence of ICAITI as a coordinator
for the adoption of the technology, and the relatively large
volumes of potentially irradiable export commodities.

Each of the food treatment facilities is different in terms
of food groups to be irradiated, degrees of emphasis on
research and commercialization priorities, and support
equipment and service. The differences in food irradiation
protocols necessitate that special efforts be afforded each
facility. It is anticipated that, with proper management
and direction, each of the facilities will go a long way
toward answering the needs and requirements of their re-
spective food industries. Howeve:, unless there is proper
management. and directiocn, the supporting infrastructures may
falter and the facilities may become underutilized. AID
should make a commitment to nurture adoption of the techno-
logy and sustain organization and training activities beyond
just the design and construction of facilities. Such nur-

turing and training should include investments not only at
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the processor level, but also at the production level by
helping the farmer grow quality crops in quantities suf-
ficient to support commercialization, and at the marketing
level by helping the exporter incorporate appropriate
strategies for nontraditional crops. AID's efforts should
include encouragement of irradiation facility personnel to
integrate their work with the work of other personnel in the
marketing chain. Specific recommendations for AID involve-

ment in the countries of Haiti and Guatemala are given below.

INVOLVEMENT IN HAITI

The study team believes that AID should strongly enconrage
and support the use of irradiation technology as a post-
harvest quarantine treatment in Haiti. The integration of
irradiation technology in Haiti will help meet the objec-
tives and goals of the CBI. A crucial step in the integra-
tion of the technology is the assessment of appropriate
marketing strategies. 1In cooperation with the Government of
Haiti and the private sector, AID should finance a consumer

acceptance and marketing study of jirradiated Haitian mangoes,

The team also believes that, because of the large Haitian
mango export market, the economic incentives are conducive
to the establishment of a food irradiation facility funded
principally by private interests. All the necessary
participants in such an undertaking (growers, packers,
exporters, financial backers, and United States investors
and managers) have agreed that the use of irradiation
technology is necessary for the long-term survival of the
mango industry. The United States brokers and importers
cannot wait passively, however, and expect the Haitian mango
industry to initiate use of the technology. There must be a
stimulus and indication of willingness to cooperate. The
United States government, through AID, should provide that

stimulus and cooperction.
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Working with FDA, AID should encourage early approval of
fruit and vegetable irradiation. Working with Uusba, AID
should encourage the acceptance of irradiation as a valid
plant quarantine treatment. The quarantine treatment should
be based on the inability of an insect to emeryge as an adult
or for an emerged insect to reproduce, rather than Probit 9
mortality of larvae. Through its Bureau for Private
Enterprise, AID should work with financial institutions to
make credit available for local entrepreneurs and to seek
out and encourage United States food industry support. If
sufficient private financial support cannot be generated,
tnen AID should consider providing direct financial

assistance.

AID should become actively engaged in the transfer of irra-
diation technology by participating in the training of
Haitian nationals in irradiator operation, maintenance, and
safety. It should also assist in the periodic updating of
those skills. AID should assist in the development of the
management c¢kills necessary for economical irradiator opera-
tion and should ensure that all exporters have equal access

to the irradiator.

INVOLVEMENT IN GUATEMALA

Implementation of an irradiation project in Guatemala would
greatly benefit from direct AID involvement. The study team
recommends a regional quarantine treatment development center,
including a semi-commercial pilot and demonstration irradia-
tor that would offer unusual possibilities for research and
training. The commercial operations could probably be con-
trolled by the Nontraditional Exporters' Guild or some other
private interests. The research and training components
would be under the supervision of ICAITI with oversight and
assistance from the IAEA and DGEN. The facility would
therefore be a shared one, with the commercial operations
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established on a for-profit basis. The study team does not
believe, however, that these commercial operations would be
able to fund trainirg and research, particularly during the

early stages of irradiation operations.

The exact level of private financial interest in an irradia-
tor, in the United States or Guatemalan private sectors, is
not known at this time; however, this information would be
critical in determining the extent of AID's involvement,
Ideally, the commercial portion of the facility {such as
warenouses, processing and packaging equipment, and
vehicles, plus a prorated share of the cost of the irradia-
tor) should be financed by its users and beneficiaries. 1If
enough self-generated capital is not available, funding
through AID's Guatemala Agribusiness Development Project
should be explored. This project, together with a scheduled
ROCAP project to strengthen organizations such as the
Nontraditional Exporters' Guild through improved information
systems and training, will adeguately support the
private~sector activities of the recommended facility.

Public sector activities—-demonstration, training, and re-
search--will also require AID involvement. The Government
of Guatemala, through DGEN, would be willing to provide
infrastructural support, and ICAITI has offered administra-
tive support, some staff, buildings, equipment, and land.
Despite this assistance, however, there will be a signifi-
cant need foir the funding and technical expertise that AID

could help provide.

it is therefore recommended that a project to establish a
regional quarantine development center, including a semi-
commercial food irradiation facility, be developed for the
Central American region. ROCAP would be the most logical

AID organization to oversee this project, although additional
staff and S&T/AGR technical guidance for program management
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would probably be required. The project would include plant
construction, the irradiation unit, related equipment, staff
training, a technical advisor, and some working capital,
Additional related components would include {1) scholarships
for technicians from other countries in the region, who
would be trained at the Guatemalan facility, (2) a research
budget for experiments on commodity suitability for irradia-
tion, and (3) rural development efforts to increase the
production and shipment of export crops to the processing
facility (these efforts should include rural research and
development, agricultural extension services, roads, expan-
sion of credit, teaching of marketing skills, and development

of cooperatives).

Provisions for general plant quarantine research at this
facility, covering both irradiation and other treatment
options for the region, would offer the best opportunity for
solution of specific crop treatment problems. This research
flexibility would help provide the teclknically feasible,
timely, and economic crop treatment altcrnatives that are

needed for successful implementation of the CBI.

The Bureau for Private Enterprise of AID should evaluate the
regional irradiation facility in Guatemala as a target of
opportunity for the types of activities they sponsor. The
Bureau recognizes that it is extremely difficult for

Third World countries to achieve economic growth without
developing and maintaining an adequate agricultural base.
Using market forces, the Bureau seeks fresh solutions to
problems that frustrate developing countries. The lack of
appropriate postharvest technology, which hinders the growth
of Caribbean Basin agribusiness performance, appears tailor-

made as an issue for the Bureau's evaluation.

A Bureau loan assisting startup of a regional facility,
which eventually could be expanded to become a commercial
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facility, would help diversify and expand domestically pro-
duced commodities and help clear roadblocks to productive
private business investment. Certainly it would create a
large number of new jobs. It would also be extremely help-
ful to the economic climate of the country, since it would
add to exports and improve balance of payments as well as

attract hard currency.

The Bureau recognizes that a lagging export base keeps

Third World earning power weak and curbs the accumulation of
foreign exchange. The study team therefore recommends that
the Bureau be made aware of the lack of an EDB replacement
and its crippling affect on the CBI, and that it be invited

to participate in solving the problem.

CONCLUSIONS

The study team recommends AID's involvement in the introduc-
tion of food irradiation into the Caribbean Basin. The team
recommends that AID take steps to establish a regional
quarantine treatment development center in Guatemala. This
center will conduct training and research programs related
to quarantine and food irradiation technologies. A goal of
this regional center will be tc involve private sector
semi-commercial irradiation processing in not-for-profit
research and training activities relating to quarantine
disinfestation by various technologies including irradiation,

chemical, or thermal means.

The team recommends that AID facilitate private sector
investment in a commercial irradiation facility for Haiti
and coilaborate in development and funding of a U.S. market
study of irradiated Haitian mangoes. The team also
recommends AID involvement in additional site-specific
feasibility studies for countries such as the Dominican
Republic, Jamaica, Honduras, and Costa Rica, as the volume
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of nontraditional crop exports grows. The recommendation
for a regional center can promote CBI export-oriented
activities throughout Central America and the Caribbean.
The recommendation for AID involvement in a private~sector
commercial facility for Haiti can alleviate an immediate

need for mango exporters.

An AID management decision to support the transfer of food
irradiation technology %to the Caribbean can assist CBI
goals, promote export trade, and facilitate needed research

and training programs.
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Appendix A
TREATMENT REQUIREMENTS FOR SOME CARIBBEAN BASIN AND
CENTRAL AMERICAN FRUITS AND VEGETABLES ADMISSIBLE
INTO THE UNITED STATES
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Table A-1
TREATMENT REQUIREMENTS FOR SOME CARIBBEAN
JRUITS AND VEGETABLES ADMISSIBLE INTO THE UNITED STATES

No Treatment Treatment Required
Required Candidate fog
Commodity at This Time Avallalle Not Available Irradiation
Apricot MBr from X
Haiti
Artichokeb X b
Asperagus X X
A.vocadob X Low levels
Banana X X
Bean®© Wing bean from X
Dominican Rep.
to Hawaii
Beet X N
Breadfruit X
Cabbage X
Carrot X X
Cassava X
Cauliflower X X
Celery X
Chestnut MBr X
Citrus From most West Indian MBr from
Countries--not to Mexico only
CA, V.I., or P.R.
Cucurbit X _ Melons
Cilantro X
Dill x

aCandidate crops for irradiation have either been proven feasible for irradi-
ation or appear feasible and need further study.

bNot admilssibie into California.

cAdmissible cnly into the North Atlantic states, Virgin Islands, and Puerto
Rico.

dImportable only to the North Atlantic.
®Not admissible to Hawaii.
fAdmissible only to the North Atlantic and North Pacific.



No Treatment
Required

Commodity at This Time
Durian P4
Eggplant X
Ginger p
Grapesd
Lemon X
Lettuce X
Lime (sour) X
Litchid From West Indies

only

Mango To V.I. only
Mangosteen
Mint X
Mushroom X
Okra To North

Atlantic

and V.I,
Palm Heart p 4
Papayae X
Parsley X
Parsnip p 4
Pea X

Table A-1
{continued)

Treatment Required
Candidate fog
Available Not Available Irradiation

Refrigeration p 4
from Dom. Rep.

EDB X

For delayed
cap opening

MBr for South X
Atlantic and
Gulf Ports
X
X

Candidate crops for irradiation have either been proven feasible for irradi-
ation or appear feasible and need further study.

bNot admissible into California.

cAdmissible only into the North Atlantic states, Virgin Islands, and Puerto

Rico.

dImportable only to the North Atlantic states.

®Not admissible to Hawaii.
fAdmissible only to the Norch Atlantic and North Pacific.



Table A-1

(continued)
’No Treatment Treatment Required
Required Candidate for
Commodity at This Time Available Not Available Irradiation®
Peanut X
Pepper X X
Pigeon Pea® X Refrigeration
Pineapplee X x
Pomegranatef MBr X
Radish X
Rhubarb X X
Sapote To V.I. from all EDB
Spinach pls
Strawberry X
Sweet Potato To V.I. from all; MBr X
to P.R. from
Dominican Rep.
Swiss Chard X
Tomato X X
Turnip X X
Watercress p 4
Yam To V.I. MBr x

dCandidate crops for irradiation have either been proven feasible for irradi-
ation or appear feasib}e and need further study.

bNot admissible into California.

CAdmissible only into the Nerth Atlantic states, Virgin Islands, and Puerto
Rico.

dImportable only to the North Atlantic states.
®Not admissible to Hawaii.
fAdmissib]e only to the North Atlantic and North Pacific.

A-3



Table A-2

TREATMENT REQUIREMENTS FOR SOME CENTRAL AMERICAN
FRUITS AND VEGETABLES ADMISSIBLE INTO THE UNITED STATES

No Treatment
Required

Treatment Required

Candidate for
Available Not Available Irradiationa

Commodity at This Time
Artfchokeb X

(globe)
Artichokeb X

(Jerusalem)
Asparagus X X
Banana X X
Beet X X
Broccoli X X
Brussel Sprouts X X
Cabbage X
Carrot X X
Cassava X
Cauliflower X b
Celery X
Chayote X
Chestnut MBr p 4
Coconut® X

Landidate crops for irradiation have either been proven feasible for irradi—
ation or appear feasible and need further study,

bAdmissible only to North Atlantic ports.

“Coconuts are admissible only when they are imported without husk

or without milk.
dNoc admissible to Hawaii.

Admissible only to North Atlantic and North Pacific ports. Shipments to
South Atlantic ports must be in sealed containers unde+ customer bond for
clearance to North Atlantic ports.



Table A-2

(continued)
No Treatment Treatment Required
Required Candidate for
Commodity at This Time Available Not Available Irradiation®
Cucurbits pd Melons
{cucumber,
melon, squash)
Cilantro X
Ethrogs Refrigeration EDB
Garlic X %
Ginger X X
Grapefruitb MBr and vapor X
' heat from Mexico
only
Lemon x X
Lettuce X
Lima Beanb X
Lime (sour) b X
Mangob _ EDB X
Mushroom X For delayed
cap opening
Okra x X
Onion X p 4
Orange MBr for X

Mexico only

“Candidate crops for irradiation have elther been proven feasible for irradi-
ation or appear feasible and need further study.

bAdmissible only to North Atlantic ports.

®Coconuts are admissible only when they are imported without husk
or without milk,

dNot admissible to Hawaii.

®Admigsible only to North Atlantic and North Pacific ports. Shipments to
South Atlantic ports must be in sealed containers under customer bond for
clearance to North Atlantic ports.



No Treatment
Required

Table A-2
(continued)

Treatment Required

Candidate for

Commodity at This Time Available Not Available Irradiation®
Palm Heart 4
Papayab EDb X
Pea x
Peanut (raw) X X
Pigeon Peab X
Pineappled X b
Plum Refrigeration From other
Guatemala only C.A, nations
Rutabaga p 4 X
Spinach X
Strawberry X X
String Beans Guatemala only
Swiss Chard X
Tangerine MBr for X
Mexico only
Tomato® Northern U.S. Southern U,S. p 3
Truffles X
Turnip X X
Watercress %
Yam MBr X

aCandidate crops for irradiaticn have eithier been
ation or appear feasible and need further study.

bAdmissible only to North Atlantic ports.

cCoconuts are admissible onl

or without milk.

dNot admissible to Hawaii.

eAdmissible only to North Atlantic and North Pacific ports.
South Atlantic ports must be in sealed containers under cust

clearance to North Atlantie ports,

proven feasible for irradi-

vy when they are imported without husk

Shipments to
onier bond for



FRUIT FLIES OF

Appendix B
ECONOMIC IMPORTANCE IN THE CARIBBEAN BASIN
AND THEIR MAJOR HOSTS
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Host Crop

Achra zapota
Anacardium occidentale
Anona sp.

Averrhoa carambola
Bumelia laeterirens
Calocarpum sp.
Calyptranthes tondusii
Capsicum sp.

Carica papaya

Carissa grandiflora
Casimiroa sp.
Chaenomeles sp.
Chrysobalanus sp.
Chysophyllum sp.
Citrus sp.a

Coffea arabica

Cydonia oblonga
Diospyros ka2ki
Dovyalis hebecarpa
Eriobatrya japonica

Eugenia sp.

a_
Except lemons and limes.

E. uniflora only.

Note: Includes those edible fruits

Med Fly
C. capitata

x

x

Mex Fly

A. ludens

x

Appendix B
FRUIT FLIES OF ECONOMIC IMPORTANCE IN THE CARIBBEAN BASIN AND THEIR MAJOR HOSTS

South American

A.

Fruit Fly

{raterculus

West Indian
Fruit Fly

A. obliqua

x

x

A.

Sapedilla
Fruit Fly

serpentina

x

and vegetables in the CB1 that would require treatment if marketed internationally.

Guava
Fruit Fly
A. striata



Med Fly
capitata

Host Crop c.

Ficus sp. x
Fortunella japonica x
Fragaria vesca x
Hylocereus sp. x
Inga sp. x
Juglans regia

Lycopersicon sp. x
Malpighia sp. x
Malus sp. x
Mamnmea americana x
Mangifera sp. x
Manihot escalenta

Hanilkara zapotilila x
Mirusops coriacea x
Musa sp.f x
Myrciaria sp.

Opuntia sp. x
Passiflora sp. x
Persea americana x

I. Unicueil only.
I. Spuria only.
I. Laurina only.

Uf the 80 some species of banara,

only one or two species are considered hosts.
y

Mex Fly
A. ludens

X

Appendix B
{continued)

South American
Fruit Fly
A. fraterculgg

@
X

X

West Indian
Fruit Fly

A. obliqua

X

X

Sapodilla
Fruit Fly

A. serpentina

x



Appendix B

(continued)
South American West Indian Sapodilla Guava
Med Fly Mex Fly Fruit Fly Fruic Fly Fruit Fly Fruitc Fly
Host Crop C. capitata A. ludens A. fraterculus A. obliqua A. serpentina A. striata
Phaseolus sp.
Phyllanthus acidus x x
Ponteria caimito x x
Prunus sp. x x x x x
Psidium sp. x x x x x x8
Punica granatum x x
Pyrus sp. x x x x
Sargentia greggii x x x
Sideroxylon sapota x x X
Solanum melongena x
Spondias sp. x x x x x x
Terminalia catappa x x x
Theuetia peruviana x
Turpinia pariculata x
Vitis vinifera x x x
Ximenia americana x x x
Zschokkea panamensis x

Ep, Guaiava oniy.

Source: Estudio sobre las hospederas potenciales de las Mosca del Mediterraneo, Luis Orlando Tejada, 1980.
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Appendix C
TECHNIQUES EXPLORED FOR THE ESTIMATION OF
POTENTIAL CROP VOLUMES

In addition to describing the current production data, where
the commodities are produced, and their values and volumes,
an attempt was made to gauge the potential for expanded
production as a result of irradiation technology and other
export promotion activities. This effort was unsatisfactory
for the following reasons:

o} Potential cropping data of this type are only
availahle from the basin countries themselves,
since the USDA does not currently forecast
production volumes for the countries and com-
modities concerned. Field data of this type were,
therefore, sought in Guatemala and Haiti, during
visits by the study team to those countries.

o In general, crop forecasting for the countries
under consideration is based on three criteria:
(1) Soil survey, rainfall, altitude, and other
data arc analyzed to derive potential land use
plans for the appropriate crops; (2) estimates are
made on the basis of past production levels
combined with potential commodity price estimates,
which will either stimulate or suppress the
various acreages and the mix of different crops
planted; and, most commonly, (3) extrapolations
are made on the basis of past production trends to
forecast the future.

In the case of Guatemala, the first method of involving land
use planning was employed for selected provinces (the most
agricultural). These data are quite old and do not deal
with many of the specific fruit and vegetable crops being
considered in this study. 1In the case of Haiti, this type
of analysis has never been done.

The second alternatir.:, estimating future fruit and vegetable
prices in the importing countries and then estimating farmer
and exporter responsiveness to these prices (elasticity of
supply for the farmers and exporters), is quite complicated
and beyond the scope of this study.

The process of using past production increases as a basis
for predicting future trends was also considered. A suf-
ficient data history for the crops of interest was not
available for the countries under consideration. However,
in the case of mango production in Haiti it was ascertained
that harvestable yields had increased an average of

21 percent per year for the period 1974 to 1984. This was

c-1
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due to increased prices paid on the part of exporters who,
in turn, had been stimulated by in.izased market demand in
the importing countries. Using this figure, and assuming
that a solution vo the EDB ban can be found, it was
estimated that this yearly production increase will hold for
at least the near future. However, as social science
investigators warn, these data are to be used with extreme
caution since the number of variables that can impact future
production trends are many and most often are bevond the
ability of investigators to iorecast. Therefore, this
method was also discarded as being too arbitrary.

o
!
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SELECTED U.S.

Country

Aprendix D

CARIBBEAN BASIN IN 1984

Commodities Affected

IMPORTS OF FRESH PRODUCE FROM THE

Commodities
With Potential

Bahamas

Cabbage
Cucumber
Peppers
Tomatoes
Live Plants
Grapefruit
Limes
Avocado
Rananas
Melons
Papayas

Bahamas Totals
Barbados

Frogs Legs
Berries
Endive
Nutmeg

Barbados Totals
Belize

Endive

Okra

Live Plants
Limes
Mangoes
Cantaloupe
Garden Sceds

Belize Totals

by EDB Ban For Irrvadiation
Volume Value Volume Value
(tonnes) ($ x 1,000) (tonnes) ($ x 1,000)
9 4
7,397 687
50 17
71 23
2
56 5
3,196 129
64 6
8,473 2,153
45 11
491 233
238 3,042
3 8
9 9
1 4
- - 2 _8
29
1 4
1 1
42
6 8
439 290
20 24
_ —_ A L
291 79

Note: This table lists commodities by volume and value.

measure shown for volume is "tonnes."
actually used for most of the commodities, a few of the commodity
For this reason, the

volumes use different units of measure.
tabulated numbers shown in the volume column have not been

totaled.

The unit of
Although "tonnes" is

i
[
A



Appendix D

(continued)
Commodities
Commodities Affected With Poteutial
by EDB Ban For Irradiation
Volume Value Volume Value

Country (tonnes) (% x 1,000) (tonnes) ($ x 1,000)
Bermuda
Fresh Fruit 98 41
Spices, Pepper ]
Bermuda Totals ‘ 41
Costa Rica
Dasheen 753 278
Onions 18 8
Yams 138 73
Cabbage 132 33
Cucumbers , 49 10
Endive 6 2
Okra 20 6
Peppers 12 7
Squash 85 20
Tomatoes 1 .3
Chayote 4,394 1,405
Pumpkin 50 11
Other Vegetables 6 |
Cut Flowers 1,331
Live Plants 4,774
Limes 23 10,384
Avocado 231 169
Bananas 623,626 158,254
Strawberry 6 12
Cantaloupe 54 11
Watermelon 19 2
Melons 566 358
Papayes 20 12
Pinearple 7,442 2,374
Plantain 6,493 1,669
Tamarindo 3 2
Spices 193 150
Seeds, Various 8 3,685
Costa Rica Totals 9] 184,950



Country

Appendix D
(continued)

Commodities Affected

Commodities
With Potential

Dominican Republic

Pulses
Sesame
Beans
Dasheen
Garlic
Onions
Radishes
Parsnips
Yams
Potatoes
Cabbage
Celery
Cucumbers
Endive
Eggplant
Lettuce
Okra
Peppers
Squash
Asparagus
Tomatoes
Chayote
Pumpkin
Live Plants
Cut Flowers
Grapefruit
Lemons
Limes
Oranges
Bananas
Mangoes
Cantaloupe
Watermelon
Melons
Papaya
Pineapple
Plantains
Tamarind
Other Fruits
Ginger
Spices

Dominican Republic

Totals

by EDB Ban For Irradiation
Volume Value Volume Value
(tonnes) ($ x 1,000) (tonnes) ($ x 1,000)
10 10
5 3
2,406 1,741
1,688 5,798
80 23
66 34
272 28
5 2
8,719 1,714
2,347 471
751 142
2 2
623 71
9,031 322
635 223
18 4,908
2 1
3,859 1,441
1,674 632
2 2
528 142
17 6
1,941 350
448
456
13 4
80 32
57 20
1,450 339
873 286
214 53
2,959 2,054
30 5
947 233
20 8
5,583 1,214
3,205 845
200 64
190 61
8 4
220
2,119 22,293



Country

El Salvador

Beans
Cauliflower
Okra

Limes
Cantaloupe
Melons

Papayas

Fruits, Various
Garden Seed

El Salvador Totals

Guatemala

Pulses
Sesame
Beans/Peas
Root Crops
Cabbage
Cauliflower
Cucumbers
Okra

Squash
Tomatoes
Brussels Sprouts
Pumpkin
Broccoli
Nursery Products
Cut Flowers
Limes
Avocado
Bananas
Strawbarry
Apples
Cherries
Mangoes
Cantaloupe
Watermelon
Melons
Olives
Pineapple
Plantains

Appendix D
(continued)

Commodities Affected

Commodities
With Potential

by EDB Ban For Irradiation
Volume Value Volume Value
(tonnes) ($ x ,000) (tonnes) ($ x 1,000)
57 24
9 13
207 174
47 46
22 6
1,882 507
44 14
4 4
S 133 111
188 711
3 3
5,624 5,230
2,067 2,081
40 10
243 63
96 89
680 75
561 410
10 8
42 50
18 12
4 8
1 3
2,635
987
48 14
15 2
197,528 27,225
2 5
402 408
2 9
5 3
257 57
60 f
8,832 1,462
490 46
57 10
251 46




Appendix D
(continued)

Commodities Affected

Commodities
With Potential

by EDB Ban For Irradiation
Volume Value Volume Value

Country (tonnes) ($ x 1,000) (tonnes) ($ x 1,000)
Guatamala (continued)
Fruits, Various 7 31
Kumquats 52 9
Spices a3 807
Flower Seeds 2 2,220
Other Seeds — 137
Guatemala Totals 413 43,750
Haiti
Frogs Legs 1 3
Beans/Peas 4 3
Root Crops 48 9
Cucumber 54 13
Okra 55 13
Peppers 4 3
Tomatoes 10 3
Pumpkin 13 15
Live Plants 215
Cut Flowers 1,872
Grapefruit 34 19
Limes 161 82
Bananas 6 2
Mangoes 7,311 3,613
Cantaloupe 16 6
Melons 19 10
Papayas 9 7
Tamarinds 5 2
Fruits, Various 67 18
Spices 54 27
Sisal 40 21
Seeds 3 27
Haiti Totals 3,652 2,331
Honduras
0il Seeds 320 323
Beans/Peas 4 1
Root Crops 2 1
Cabbage 57 13
Cauliflower 3 4



Country

Honduras (continued)

Cucumbers
Nuts
Nursery Products
Cut Flowers
Limes
Avocado
Bananas
Cantaloupe
Watermelon
Melons
Olives
Pineapple
Plantain
Spices
Seeds

Honduras Totals
Jamaica

Beans/Peas
Yams

Root Crops
Cabbage
Cucumber
Endive

Okra

Peppers
Squash
Tomato
Pumpkin
Other Vegetables
Nursery Products
Cut Flowers
Oranges
Other Citrus
Bananas
Cherries
Guava
Mangoes
Cantaloupe
Watermelon

Appendix D
(continued)

Commodities Affected

Commodities
With Potential

by EDB Ban For Irradiation
Volume Value Volume Value
(tonnes) ($ x 1,000) (tonnes) ($ x 1,000)
1,442 143
14 7
1,595
67
456 238
365 102
496,960 128,635
1,248 606
173 48
1,510 491
15 9
20,042 5,666
310 69
125 257
2 194
138,469
16 7
2,997 1,913
614 276
5 2
43 35
3 1
29 46
401 414
195 91
339 424
941 373
22 15
1,011
149
155 53
334 185
5 1
9 2
15 5
7 6
37 25
179 37
D-6
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Country

Appendix D

Jamaica (continued)

Melon

Papaya
Plantains
Fruits, Various
Spices, Various
Seeds, Various

Jamaica Totals

Leeward/Windward Islands

Yams

Pumpkin

Other Vegetables
Cashew Nuts
Nursery Products
Spices, Various

Mexico

Pulses
Peanuts
01l Seeds
Beans/Peas
Beets
Carrots
Dasheen
Garlic
Horseradish
Onion Sets
Onions
Radishes
Turnips

- Jicamas

Cabbage
Cauliflower
Celery
Corn-on-Cob
Cucumbers
Endive
Eggplant

(continued)
Commodities
Commocities Affected With Potential
by EDB Ban For Irradiation
Volume Value Volume Value
(tonnes) ($ x 1,000) (tonnes) ($ x 1,000)
316 208
35 27
9 5
5 2
467 1,294
12 20
2,230 4,397
1 A :

4 2
3 1
6 15
2
66 89
A 109
10,352 4,908
13 11
26,439 23,605
17,454 16,344
43 12
4,477 530
145 79
13,127 6,954
2 1
341 57
92,572 28,348
6,131 2,561
147 52
7,705 2,339
47,082 5,500
1,097 513
52 12
3,142 1,024
165,750 33,599
197 174
17,564 7,918
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Appendix D
(continued)

Commodities Affected

Commodities
With Potential

by EDB Ban For Irradiation
Volume Value Volume Value

Country (tonnes) ($ x 1,000) (tonnes) ($ x 1,000)
Mexico (continued)
Lettuce 6,614 2,937
Okra 19,929 3,810
Peppers 91,264 78,386
Squash 57,546 26,828
Asparagus 5,552 6,128
Tomatoes 377,127 171,351
Brussels Sprouts 4,881 1,584
Chayote : 495 284
Ferns 12 3,785
Pumpkins 920 489
Broccoli 1,363 506
Other Vegetables 3,302 1,269
Edible Nuts 4,668 7,080
Nursery Products 259
Cut Flowers 3,991
Grapefruits 2,017 224
Lemons 1€ 3
Limes 16,579 2,837
Oranges 7,148 1,185
Citrus, Other 16,508 2,909
Apples 11 10
Avocado 17 6
Baranas 33,155 8,351
Strawberry 1,799 1,964
Grapes 11,251 2,401
Mangoes 26,558 15,145
Cantaloupe 271,799 97,389
Melon 19,877 4,967
Watermelon 125,879 12,261
Olives 701 129
Papayas 1,114 353
Peaches 236 220
Pineapple 16,605 1,120
Plantains 237 59
Tamarinds 343 202
Fruits, Various 4,639 1,809
Spices, Various 7,452 5,212
Seeds, Various 547 3,211
Mexico Totals 20,717 584,478
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Cummodities Affected

Appendix D
(continued)

Commodities
With Potential

by EDB Ban For Irradiation
Volume Value Volume Value

Country (tonnes) ($ x 1,000) (tonnes) ($ x 1,000)
Nicaragua
Onions 122 27
Bananas 62,659 21,213
Plantains 1 5
Spices, Various 36 22
Nicaragua Totals 21,263
Panama
Beans/Peas 6 5
Radishes 20 2
Cabbage 14 3
Cucumber 3 .3
Okra 98 128
Chayote 7 2
Nursery Products 9
Cut Flowers 20
Bananas 182,850 51,000
Cantaloupe 50 26
Watermelon 123 40
Melon 337 205
Plantain 280 64
Panama Totals 128 51,376
Trinidad and Tobago
Root Crops 4 3
Peppers 5 11
Oranges 2 1
Avocado 1 1
Bananas 2 1
Mangoes 5 4
Plantains 3 1
Spices ) 9 61
Trinidad and Tobhago
Totals 5 78
Source: USDA/FAS, U.S. Agricultural Imports, Printout 1/25/85.
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Appendix E
ALTERNATIVE METHODS FOR RIDDING ECONOMICALLY SIGNIFICANT CROPS OF FRUIT FLIES

Potential Treatment Methods for Citrus (Orange, Grapefruir, Tangerine, Sweet Lime, Tangelo)

Treazment Fumigation Hot Woier or Pre- or Post-
Characteristic Irradiation Refrigeration EDB MBr M Phosphide Vapor Heat Harvest Inspection
Doszge 0.15-0.25 kGy 10 to 22 days at Treatment no longer Dosage varies with Up to about 124 gn per Vapor heat 43°C for N/A

0°C to 2°C authorized temperature; 2 hours 190 ©? of chamber approximately
at 21°C space; 2 to 3 days 8-3/4 iours plus pre-
fumigation conditioning on some
fruits totals
16 hours
Status Approved by Wi0, Approved treatment N/A Approved treatment Still {n research phase Vapor heat spproved; Used in combination
FAO, IAEA for all hot water dips in with other
foods up to 10 kCy; research treatwents
EDA approval to
1 kGy expected 1985;
aot yet approved as
Juarantine treatment
by USDA
Beneficial No phototoxic effect Oranges withstand N/A Quick and relatively Rapid reduction in No pesticide residues N/A
Effects at dosage required treatoent; no pes- inexpensive residues
to prevent fruit fly ticide residue
production problenms
Harmful Additional shipping Grapefruit can be N/A Bromine residues may Time associated with Marginal treatment; H/A
Effects time from packing to conditioned for cause cancellation treatment bigh percentage of

Relative Cost

Other
Considerations

———

a
Additional storage cost incurrcd for shipping the product at 0°C to 2

Assumes fumigation occurs at point of export rather than in the United States.

irradiator to point
of departure

2.5¢c to 4.0c U.S,
per kilogran in
large volume

Reduces or elimi-
nates disease organ-
isms on fruit
surface

7 days at 16°C
before cold
treatmenc

l.4¢c U.S. per
kllogr:n in large
volume

Highly suitable to
long transit time,
ocean-going vesselc,
relatively small
volume, facilities
aow available at
some U.S. ports,
humidity must be
kept high

3¢ to 4¢ U.S, per
kllogrgm in large
volume

Associated worker
exposure and other
environmental
hazards

of {its use; damage
to some citrus
varieties

Sape as EDB

Associated worker
exposure and other
environmental
hzzards, market
diseases and damage
may increase {f
shipped at 10°C

Same as MBr and EDB {f
time not considered

Associated worker
exposure and other
environmental hazards

°C rather than norma' storage temperatures of 10°C to 16°C,

A USDA inspector sust be onsite tc oonitor the fum! atfon process of
pe & 4

fruit loss, high
energy need

High energy usage
cost equal or greater
than refrigeration;
loss of fruit quality

Applicable only to
citrus varieties not
tolerant to fumiga-
tion or refrigeration

Substantially in-
creases cost when
used in combinstion
with fumigation and
hot water treatment

the foreign supplies.
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Appendix E
{continued)

Potentiel Treatment Methods for Papaya

Treataent Fumigation Hot Water or Pre- or Pnst-
Characteristic Irradiazion Pefrigeration EDB Mr M Phosphide Vapor Heat Harvest Inspection
Dosage 0.15 to 0.26 kGy 10 to 22 days at Varies with tempera- Not applicable. Up to about 124 gr per Double treateent; Pre-harvest combined
0°C to 2°C ture; residue toler- Fruit does not with- 100 »? of chamber treatsent ferformec with hot water
énce zero; treatment stand MBr treatoont space; 2 to 3 days vhen fruit is less treatment; color
no longer applicable fusigation than 1/4 ripe; measurement, fruit
20 minutes at 49°C less than 1/4 ripe
following a fruit
conditioning
treatment
Status Approved by WHO, Approved treatment, Ho longer usable as Approved by EPA as Not yet azpproved as a Approved as quaran- See above--required
FAO, IAEA for all fruit will not with- treatment for quar- fumigant for fruit quarantine treatment or tine treitment for as part of combined
foods up to 10 kGy; stand low tempara- antine compliance fruit fumigant by EPA; solo variety of treatoent; double
FDA approval to ture requirements still in research stage papaya only hot water znd fleld
1 kGy expected 1985; weasurement of frult
not yet zpproved as color prior to
Guarantine treatment harvest
by USDA
Beneficial Effective treatment N/A N/A N/A Lezaves little or no Ko chemical residues, Eliminates nonex-
t3 Effects has potential to residue; easily applied environmental hazard, portable/treatable
I increase fruit shelf in disc or pellet form; or worker exposure fruict in advance of
N life worker exposure hazard hazard grading and packag-
minizal ing pre-harvest
color measurement;
eliminates fruit
loss associated with
post-harvest fruit
cutting
Harnful Additional shipping Fruit unable to Carcinogenic Severe damage to 2- to 3-day fumigation Treatment marginal N/A
Effects tize, packing to withstand treatment fruit; being inves- time; explosive at University of Hawaif

Relative Cost

Other
Considerations

S b
fi:> Assumes fumigation occurs at point of export rather than in the United States.

irradietor to point
of departure; time
critical with short
shelf life, perish-
able product

2.5¢ to 4¢ U.S. per
kilogram in large
volumes

Reduces or elisi-
nates disease organ-
isms on fruic
surface

N/A

*Add1tional sterage cost incurred for shipping the product at

3¢ to 4¢ U.S. per
kilogrgm in large
volume

Environmental haz-
ards associated with
chamber leakage and
exhausting of gas
following fumigation

tigated as possible
carcinogen

N/A; but cost would
be about same as EDB

Environmencal haz-
ards associated with
chamber leakage and
exhausting of gas
tollowing fumigation

1.79 percent concentra-
tion in air

Expected to be about
saoce as EDB {f tioe not
considered

Environmental haz-
ards agsociated with
chamber leakabe snd
exhausting of gas
following fumigation

0°C to 2°C rather than normal storage temperatures of 10°C to 16°C.

A USDA inspector must be onsite to monfitor the tucigation process of th:

(Saul, et al) reports
average 20 percent
loss because of in-
ternal rot as a re-
sult of treatment

Cost high in compari-
son to EDB because of
high energy usage and
low volume-~per-hour
output

Effective only
against early instar
larvae

Cost high; labor tn-
tensive, color meg-
surement equipment
about $20,000 per
unit

foreign supplies.
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Appendix E
{continued)

c
Potentisl Treatment Metho”s for Mangoes

Irradiation

Refrigeration

Fumfgation

EDB

MBr

N Phosphide

Hot Water or
Vapor Heac

:e= or Fose~
Harvest Inspection

Dosage

Status

Beneficial
Effects

Raraful

Effects

Relative Cost

Other
Consiverations

————

a
Additional storage cost fncurred for shipping the product at 0°C to 2

b
Assumes funigaticr

cCencrally applicatle te other tropical frutts su

0.15 to 0.26 kGy

Approved by WHO,
FAO, 1AZA for all
fcods up to 10 kSy;
FDA approval to

1 Gy expected 1985;
not yet approved as
quarantine treatment
by USDA

Does not affect
freit quality; has
vecential to in-
c.erze shelf life;
no residues

Additional shipping
time packing to
irradiation to point
of departure; time
critical to short
shelf life product

2.5¢c to 4c U,S. per
kilogram in Iarge
volume

Reduces or elimi-
nates disease organ-
isms on fruit
surface

10 to 22 days at
0°C to 2°C

Approved treatment

No pesticide

residues

Unable to withstand
cold treatment

l.4¢ U.S. per
kllogrgm in large
volume

¢ccurs ar peint of export rather than in the United States.

Varies with tempera~-
ture; residue toler-
ance 30 ppb

Presently an ap-
proved treatment;
residue tolerance
reduced to zero {n
September 1985

Guick effective
treatment; low ccst

Determined to be
carcinogeai=

3¢ to 4¢ U.S. per
kilograa {n lsrge
volume

Worker exposure and
environmental lhaz-

ards can be associ-
ated with unsafe use

N/A

N/A

N/A

Severe damsge to

mangoes

N/A

Worker exposure and
environmental haz-
ards can be agsoci-

ated with unsafe use

A USDA inspector must be oasite tc aonitor

ch as guava, litchi, kiwl, carumbola, anona, zamey, catmito

Up to about 124 gw per
100 m* of chamber space

Not an approved treat-
ment; still in research
stage

Leaves little or no
residue; adaptable to
existing fumigation
chasbers

2- to 3-day fumigation
time; explosive at

1.79 percent concentra-
tion in air

Approximstely same as
EDB {{ added time
discounted

Worker exposure and
environsental hazards
can be assocfated with
uasaf; use

°C rather than normal stoTage texperatures of 10°C to 1€°C.

» Nance, or sapotes.,

Vapor heat 44°C for
8-3/4 hours and hor
water for 20 minutes
following a condi-
tionfng treatment

Hot water approved by
Uspa

Leaves no residue;
czn be integrated
into present grading
and packing systems

Ireatmeut marginal;
affects fruit and
quality and shelf
life

High energy need;
cozts a3 high or
greater than
refrigaration

Applicable only to
ezrly {nstar larvee
at ‘ow population
levels; requires
early harvest and
instrumentztion to
measure color; appro-

priate instrumentar{ion

required to maintafn
ticatment within
narrow limits

Combined with fumji-
gation and hot
water; inspection
level 1 to 2 percent

N/A

N/A

Fruit cutting
destroys large
quantity of fruit

Cost high when used
in combination with
fumigetion or hot
water; it apprecia-
bly adds to total
treatment costs

the fumigation process of the foreign supplies.



Appendix E
(continued)

Potential Trestrent HMethods for Fruit Vegetebles (Taasto, Pepper, Eggalznt)

Treatment Fuzication flot Water or Pre- or Post-
Characterist{c Irradiac{on Refrigeratf{on =08 MET M Phosphide Vapor Heat Hervest Inspection
Dosage 0.15 to C.26 kGy N/A; will not with- HIA Most will not with- Additional research 44°C for 8-3/4 hours Hot water and re-
stand required stand MBr fumiga- needed preconditioning re- frigeration with
temperatures tion; some tomatoes quired at 43°C, fumigation; no dos-
will withstand MBr L0 percent relative age levels estab-
fumigation hunidity for £ to lished; still {n
8 hours to reduce research phase
damage
Status Approved by WHO, N/A N/A N/A N/A Approved treatment N/A
FAO, 1AEA for ail
foods up to 10 kGy;
FDA approval to
1 kGy expected 1985;
not yet approved as
quarantine treatwent
by USDA
Beneficial At dosage level N/A N/A N/A K/A No problems with Reduced pesticide
3 Effects needed to prevent residues residuees and crop
1 fruit fly reproduc- dazage from
L tion; no damage to treatment
crop
Harmful Damage to peppers Crops will not N/A Crops will not with~ N/A Marginal treatment Crop cdamage from
Effects ®ay result at dosage withstand required stand MBr fumigation damage up to 50 per- treatment though
level needed (see low temperatute Cent can be expected; lower than that ex-
above) to prevent can affect taste; not perienced by single
adult fly emergence suited to lerge hot water, fumfga-
volume tion, or rafrigera-
tfon treatment
Relative Costs 2.5¢ to 4.0¢ U.S. N/A N/A N/A N/A High energy cost; About sawe as vapor

Other
Considerations

W

per kilogram in
large volumes

Irradiation prcbably
only feasible treat-
Dent procedure

high level damage;
2.2¢ U.S. or core per
kilogram

Industry has been un-
willing to use this
treatment; has been
availabdble

heat as single ap-
plication, lowar
energy cost with re-
duced time for heat-
ing or cooling;
higher personnel
costs
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Appendix F
ELECTRON BEAM IRRADIATORS

Electron beam irradiators (Gallien, et al., 1985) differ
substantially from radioisotopic irradiators in a number of

ways:

o

The electrons are generated by a machine rather
than through decay of a radioisotope. Unlike the
radioisotope, which emits radiation over all solid
angles, the electron beam machine accelerates and
focuses the electrons into a tight beam to a pre-
determined area on the product,

Radiation shielding, such as a source storage
pool, is not required when the electron beam
facility is not operational because all radiation
ceases when electrical power is interrupted. The
facility is then as safe as a television set that
has been switched off.

Both the Codex Standard (FAC and WHO, page 1,
1984) and the FDA Proposed Rule (U.S. FDA,

page 5720) specify a maximmm energy for electrons
generated from machine sources of 10 million
electron volts. This energy level is two times
that allowed for gamma or x-ray sources.

The penetration power of electrons is signiticantly

less than that of gamma rays. For example, a
practical irradiation thickness for a 10-million-
electron-volt electron beam irradiating two
opposite sides of a unit density product is only
8.1 centimeters. Thus, electron beams cannot be
used to process densely packaged or relatively
large sized food products. As a general rule,
electron beam accelerators show process viability
in applications characterized by bulk products
conveyed through the beam in a stream form;
low-density products with relatively thin cross
sections; and products requiring only surface or
subsurface treatment.

An advantage of the electron beam system is the
availability of comparatively high dose rates.
Product resicdence time in the irradiation chamber
can be minimal, and product throughputs can be
very high compared to isotopic irradiators.

Licensing in the United States for electron beam
irradiators is not under the NRC but under state
public health offices. This often minimizes
licensing problems.
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e} Concern over the transportation of radioactive
isotopes is obviously completely eliminated with
machine~-generated sources.

o} A higher level of training for operators is re-
quired for an electron beam facility than for a
gamma irradiator because of the management and
maintenance requirements of the linear accelerator.

Apart from the electron beam machine itself, other facility
components (e.g,, shielding and warehousing) do not differ
significantly from radioisotopic irradiators. The wosts are
generally comparable fcr irradiators with one to two mega-
curies of cobalt-60 source equivalent. Like isotopic irra-
diators, the facilities are generally capital intensive and
the same economic comments apply.

When the depth-dose distribution requirements cannot be met
by electron beam for a particular-size commodity, penetrating
photons may be obtained by impacting the electron beam onto

a target material (e.g., tungsten) to produce bremsstrahlung
(x-rays). Conversion efficiencies, however, are quite low

(8 to 15 percent), thereby significantly increasing the unit
costs for treating a commodity.

%



Appendix G
ESTIMATED IRRADIATOR COSTS



Appendix G
ESTIMATED IRRADIATOR COSTS

This appendix presents order-of-magnitude estimates for the
capital and O&M costs of a cobalt-60 irradiation facility
located in Guatemala. The information is provided as an
indicator of the type of costs that might be involved in
design and construction of an irradiation facility. The
costs are generic in the sense that no detailed design has
been performed, nor has a specific site in Guatemala been
selected or investigated. Listed below are sone of the
assumptions upon which the cost analysis was hased:

1. The facility is fully selZ-contained; *hat is, it
contains not only the irradiation chamber and
equipment, but also complete support facilities.
The support farcilities include:

o An equipment room housing such items as
the electrical and pneumatic panels,
pool rhiller, deionization unit, water
pump, air filter controls, air compres-
sor, and fire control system

o A refrigerated warehouse capable of
storing a quantity of food equivalent to
a 4-day supply of irradiator processing
capacity

o An area for the irradiator master
control console and a quality control
(dosimetry) laboratory

o) Loading and unloading docks for
nonirracdiated and irradiated product

(o} Work-related areas such as office space,
a storage room, and toilet facilities

2. The source loading requirement is computed on the
assumption that:

(o} The average packaged density of the food
commodity is 0.48 gram per cubic
centimeter (30 pounds per cubic foot)



o The minimum a?sorbed dose is 500 gray
(50 kilorads)

o The net utilization efficiency is
25 percent (i.e., the useful energy
absorbed in the product is 25 percént of
the total gamma energy emitted by the’
source)

Given these assumptions, the source requirement
computed for four different peak irradiator
capacities is as follows:

Throughput Source Loading
(kilograms per hour) (megacuries)
16,000 0.6
12,000 0.45
8,000 0.3

4,000 0.15

An additional 12.3 percent of the source require-
ment is added during the initial loading (and every
year thereafter) to account for annual decay. The
price per curie of cobalt-60 is $1.

The irradiation facility operates with three
shifts per day.

The exchange rate is 1.49 quetzales per dollar.

The capital costs do not include expenses for
land, paving, landscaping, or working capital.

The O&M costs do not include property tax or
insurance. Also, import fees for imported
materials and equipment are not included here, but
are included as a separate line item in the
"Financial Feasibility" section of Chapter 5.

The distribution of engineering workload between
domestic and foreign engineering firms is ulti-
mately determined by the client. 1t is assumed
for this study that design is allocated as

70 percent foreign and 30 percent domestic.

]A regional combined research and demonstration facility,
as 1s being recommended by the study team for Guatemala
(see Chapter 5), would irradiate product to a broad range
of absorbed doses. The selection of 500 gray as a target
dose, although sowmewhat arbitrary, is an attempt at com-
promise between the higher doses at 1,000 gray and above
for microbial decontamination, and the lower doses at
150 to 300 gray foi disinfestation.
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Construction management is 100 percent foreign.
Licensing, startup, and initial dosimetry is
50 percent foreign and 50 percent domestic.

7. Costs for expatriate lakor at the domestic

facility site are an additional 50 percent of U.S.

labor costs, to account for living and remote
expenses.

8. Domestic labor cousts (in dollars) are 27 percent
of stateside equivalent labor costs.

9. Freight and insurance of imported facility
materials and equipment are an additional
14 percent of cost.

10. Domestic materials and equipment costs are 5 to
10 percent greater than stateside costs.

These assumptions are the basis for the cost analysis for
the four different size (4,000, 8,000, 12,000, and

16,000 kilogram per hour) cobalt-60 irradiators shown in
Tables G-1 through G-4. The analysis includes a breakdown
for both domestic costs (in thousands of quetzales) and
foreign or imported costs (in thousands of dollars).



Table G-1

CAPITAL COST FOR A COBALT~60 IRRADIATOR LOCATEL IN GUATEMALA

Throughput = 16,000 kg/hr
= 0.6 MCi Co-60

Source

Domestic (Q x 1,000) Import (& x 1,000)
Materiale . Materials
and and
Cost Category Labor Equipment Labor Equipment
Site Work 16.9 43,8 -0~ -0-
Concrete Shielding 45,2 340.9 ~0~- -0--
Pool Liner 0.6 -0- 11.2 23.9
Irradiator Equipment
Source Plaque 1.2 -0~ 4,5 16.0
Source Raising Mechanism 2,2 -0~ 8.1 28.7
Product Conveyors 20.2 -0~ 75.0 171.0
Deionizer System 1.9 -0~ -0~ 8.2
HVAC System 4.8 -0- -0~ 20.5
Water System 3.5 -0~ ~0- 15.0
Pool Chiller 2.4 -0~ ~0~ 10.3
Fire Protection System 0.8 -0~ 3.0 6.8
Forklifts -0- -0~ ~0- 34.2
I&C/Electrical 7.3 -0- 54.0 41.0
Refrigerated Warehouse 73.4 187.4 117.0 311.2
Additional Work Areas _36.3 67.3 =0 20,5
Facility Subtotal 216.7 639.4 272.8 707.2
Radioactive Source
Cobalt-60 ~0- ~0- ~0- 674.0
Cask Rental -0~ ~0- -0- 12.0
Shipping -0~ ~0- -0~ 24,4
Installation ~0- -0 21.0 ~0-
Source Subtotal -0~ -0~ 21.0 710.4
Engineering )
Design 16.9 -0- 102.9 -0~
Construction Management -0~ -0- 150.0 -0~
Licensing 6.0 -0- 18.8 ~0-
Startup and Dosimetry 4,4 ~0- 16.5 =0~
Engineering Subtotal 27.3 -0=- 288.2 -0-
Contingency (30 percent) _13.2 191.8 174.6 425.3
TOTAL (Rounded Off) 317.0 831.0

1,843.0




Table G-1

Domestic (Q x 1,000)

Import ($ x 1,000)

(continued)
Throughput = 16,000 kg/hr
Source = 0.6 MCi Co-60
Cost Category Labor
Labor (rumber of shifts,
versonnel per shift)

Manager (1,1) 7.7

Radiation Safety Officer/

Quality Assurance (3,1) 18.3
Operators (3,1) 13.9
Dosimetry Lab Tech (1,1) 4.6
Shipping/Receiving (1,1) 4.6
Product Handling -0~

Conveyor (3,4) 24.5

Shipping/Receiving

(1,3) 6.2
Documentation and

Accounting (1,1) 2.5

Labor Subtotal 82.3

Maintenance
HVAC, Mechanical
I&C, Electrical
Swipe Tests, Detector
Calibration, Consulting
Source Replenishment
Cobalt-60
Cask Rental
Shipping
Installation

Maintenance Subtotal

Utdilities
Administration/Overhead

TOTAL (Rounded Off)

o]
N
o

Materials Materials
and and
Equipment Labor Equipment
-0- -0~ -0~
~0-~ -0~ ~0-
=0~ -0~ -0~
-0- -0~ -0~
~0- ~0- -0~
-0~ -0~ ~0-
=0~ -0~ -0~
-0~ -0~ ~0--
0= =0- =0-
~0- -0~ ~0-
~0- -0~ 6.8
~0- ~0- 3.4
-0- -0~ -0-
-0~ -0- 73.9
-0 -0~ 3.0
-0~ -0- 7.1
~0- 16.5 -0~
-0~ 19.5 94,2
19.4 -0~ -0~
8.9 =0- -0~
28.0 20.0 94.0



Table G-2
CAPITAL COST FOR A COBALT-60 IRRADIATOR LOCATED IN GUATEMALA

Throughput = 12,000 kg/hr
Source = 0.45 MCi Co-60
Domestic (Q x 1,000) Import ($ x 1,000)
Materials Materials
and and
Cost Category Labor Equipment Labor Equipment
Site Work 16.0 41,3 -0~ -0~
Concrete Shielding 43.7 330.3 ~0~ ~0-
Pool Liner 0.6 ~-0- 10.5 22.3
Irradiator Equipment
Source Plaque 1.1 -0- 4,1 14.4
Source Raising Mechanism 2.1 =0~ 7.7 27.1
Product Conveyors 19.4 -0~ 19.4 164.2
Deionizer System 1.9 ~0- -0~ 8.2
HVAC System 4.0 -0~ -0~ 17
Water System 3.5 -0~ ~0- 15.0
Pool Chilier -0~ -0~ ~0- -0-
Fire Protection System 0.7 -0- 2.7 6.2
Forklifis ~0- ~0- ~0- 34.2
1&C/Electrical 6.9 -0~ 51.0 38.8
Refrigerated Warehouse 58.1 148.5 92.7 246.6
Additional Work Areas 33.9 62.8 ~0- 19.2
Facility Subtotal 191.9 582.9 188.1 613.3
Radioactive Source
Cobalt-60 -0~ . =0~ ~-0- 505.0
Cask Rental -0- -0~ -0~ 9.0
Shipping -0~ -0~ -0~ 18.0
Installation ~0- -0~ 19.5 ~0-
Source Subtotal -0- -0~ 19.5 532.0
Engineering
Design 15,7 -0~ 95.6 ~0-
Construction Management -0~ -0~ 150.0 -0~
Licensing 6.0 -0~ 18.8 -0~
Startup and Dosimetry b.b ~0- 16.5 -0~
Engineering Subtotal 26.1 -0- 280.9 ~0-
Contingency (30 percent) 65.4 174.9 146.6 343.6
TOTAL (Rounded Off) 283.0 758.0 635,0 1,489.0



http:Cobalt-.60

Throughput
Source

Cost Category

12,000 kg/hr
0.45 MCi Co=60

Table G-2

{continued)

Domestic (Q x 1,000)

Import ($ x 1,000)

Labor

Labor (number of shifts,
personnel per shift)
Manager (1.1)
Radiation Safety Officer/
Quality Assurance (3,1)
Operators (3,1)
Dosimetry Lab Tech (1,1)
Shipping/Receiving (1,1)
Product Handling
Conveyor (3,3)
Shipping/Receiving
(1,2)
Documentation and
Accounting (1,1)

Labor Subtotal

Maintenance
HVAC, Mechanical
I&C, Electrical
Swipe Tests, Detector
Calibration, Consulting
Source Replenishment
Cobalt-60
Cask Rental
Shipping
Installation

Maintenance Subtotal

Utilities
Administration/Overhead

TOTAL (Rounded Off)

Materials Materials
and and
Equipment Labor Equipment
-0~ -0~ =0
~0- ~0- ~0-
~0- -0~ ~0-
-0~ -0-- -0-
-0~ ~0- -0~
~0- -0~ -0~
-0~ -0~ ~0-
-0 0= -0~
0= _-0- -0-
-0~ -0~ -0-
-0~ -0~ 6.8
-0- -0~ 3.4
-0- 3.0 -0~
-0~ -0~ -0~
-0~ -0~ 55.5
-0~ =0~ 3.0
-0~ -0~ 7.1
~0- 16.5 -0-
-0- 19.5 75.8
17.9 -0- -0~
8.9 -0~ -0~
27.0 20.0 76.0
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Table G-3
CAPITAL COST FOR A COBALT-60 IRRADIATOR LOCATED IN GUATEMALA

Throughput = 8,000 kg/hr
Source = 0.3 MCi Co-60
Domestic (Q x 1,000) Import ($ x 1,000)
Materials Materials
and and
Cost Category Labor Equipment Labor Equipment
Site Work 15.0 38.8 -0~ -0~
Concrete Shielding 42.3 319.6 ~0- -0~
Pool Liner 0.5 -0- 10.1 21.5
Irradiator Equipment
Source Plaque 1.0 ~0- 3.6 12.8
Source Raising Mechanism 1.9 -0- 7.2 25.5
Product Conveyors 18.5 -0~ 69.0 157.3
Deionizer System 1.6 -0~ -0~ 8.2
HVAC System 3.2 ~0- -0~ 13.7
Water System 3.5 ~0~- -0~ 15.0
Pool Chiller -0~ =0~ -0~ -0~
Fire Protection System 0.6 -0~ 2.4 5.5
Forklifts -0- -0~ ~0- 17.1
I&C/Electrical 6.5 -0- 48.0 36.5
Refrigerated Warehouse 41,2 105.2 65.7 174.8
Additional Work Areas 31.4 58.3 -0~ 17.8
Facility Subtotal 167.5 521.9 206.0 505.7
Radioactive Source
Cobalt-60 ~0- =-0-- ~0- 337.0
Cask Rental -0~ -0~ -0- 6.0
Shipping -0~ ~0- -0~ 13.1
Installation -0~ -()~ 18.0 ~(0-
Source Subtotal -0- -0- 18.0 356.1
Engineering
Design 14,5 -0~ 88.2 -0-
Construction Management -0~ -0~ 150.0 -0~
Licensing 6.0 -0- 18.8 -0~
Startup and Dosimetry 4.4 -0- 16.5 -0~
Engineering Subtotal 24.9 . =0~ 273.5 -0~
Contingency (30 percent) 57.7 156.6 149.3 258.5
TOTAL (Rounded Off) 250,0 679.0 647.0 1,120.0




Throughput 8,000 kg/hr

Source

nn

Cost Category

Table G-3

(continued)

0.3 MCi Co-60

Domestic (Q x 1,000)

Import ($ x 1,000)

Labor

Labor (number of shifts,
personnel per shift)
Manager (1,1)
Radiation Safety Officer/
Quality Assurance (3,1)
Operators (3,1)
Dosimetry Lab Tech (i,l)
Shipping/Receiving (1,1)
Product Handling
Conveyor (3,3)
Shipping/Receiving
(1,2)
Documentation and
Accounting (1,1)

Labor Subtotal

Maintenance
HVAC, Mechanical
I1&C, Electrical
Swipe Tests, Detector
Calibration, Consulting
Source Replenishment
Cobalt~60
Cask Rental
Shipping
Installation

Main:enarnce Subtotal

Utilities
Adminiscration/Overhead

TOTAL (Rounded Off)

Materials Materials
and and
Equipment Labor Equipment
-0~ -0- -0-
~0- ~0=- -0-
-0~ -0~ ~0-
-0~ -0~ ~0-
~0- -0~ -0-
-0~ -0~ -0~
-0= -0 -0~
-0~ -0 -0~
0= =0 0=
~(0~ -0~ ~0~-
-0- -0~ 6.8
~0- -0~ 3.4
~0~ ~0~ -0~
-0~ -0~ 37.0
-0~ -0~ 3.0
~0- -0- 7.1
-0~ 16.5 =0~
-0~ 19.5 57.3
16.4 -0~ -0~
8.9 ~0- =0-
25.0 20.0 57.0



Tabhle G--4
CAPITAL COST FOR A COBALT-60 IRRADIATOR LOCATED IN GUATEMALA

Throughput 4,000 kg/hr

Source 0.15 MCi Co-60
Domestic (Q x 1,000) Import ($ x 1,000)
Materials Materials
and and
Cost Category . Labor Equipment Labor Equipment
Site Work 14.0 36.3 ~0~ ~0-
Concrete Shielding 40.9 309.0 ~0- : -0~
Pool Liner 0.5 -0~ 9.7 20.7
Irradiator Equipment
Source Plaque 0.8 0~ 3.2 11.2
Source Raising Mechanism 1.8 ~G0- 6.8 23.9
Product Conveyors 17.7 -0~ 66.0 150.5
Deionizer System 1.9 - -0~ 8.2
HVAC System 2.4 ~0- ~0- 10.3
Water System 3.5 ~0- -0~ 15.0
Pool Chiller ~0- -0~ -0~ =0
Fire Protection System 0.6 -0~ 2.1 4,8
Forklifts -0~ ~0- -0~ 17.1
I1&C/Electrical 6.0 -0- 45.0 34.2
Refrigerated Warchouse 22.6 57.7 36.0 95.8
Additional Work Areas _29.0 53.8 ~0- 16,4
Facility Subtotal 141.7 456.8 168.8 408.1
Radioactive Source
Cobalt-60 ~-0- ~0- ~0- 168.0
Cask Rental -0~ -0~ ~0- 3.0
Shipping -0~ -0~ ~0- 7.1
Installation ~0- -0~ 16.5 =0~
Source Subtocal -0~ ~0- 16.5 178.1
Engineering :
Design 13.3 -0~ 80.9 -0~
Construction Maragement ~0- -0~ 150.0 ~0-
Licensing 6.0 ~0- 18.8 -0-
Startup and Dosimetry 4.4 _ =0~ 16.5 _=0-
Engineering Subtotal 23.7 -0~ 266.2 -0~
Contingency (30 percent) _49.6 137.0 135.5 175.9
TOTAL (Rounded Off) 215.0 594.0 587.0 762.0




Throvghput 4,000 kg/hr

Sourcs

Cost Category

Table G-4

(continued)

0.15 MCi Co-60

Domestic (Q x 1,000)

Import ($ x 1,000)

Labor

Labor (number of shifts,
personnel per shift)
Manager (1,1)
Radiation Safety Officer/
Quality Assurance (3,1)
Operators (3,1)
Dosimetry Lab Tech (1,1)
Shipping/Receiving (1,1)
Product Handling
Conveyor (3,2)
Shipping/Receiving
(1,2)
Documentation and
Accounting (1,1)

Labor Subtotal

Maintenarnce
HVAC, Mechanical
1&C, Electrical
Swipe Tests, Detector
Calibration, Consulting
Source Replenishment
Cobalt-60
Cask Rental
Shipping
Installation

Maintenance Subtotal

Utilities
Administration/Overhead

TOTAL (Rounded Off)

Materials Materials
and and
Equipment  Labor Equipment
-0~ -0~ ~0-
-0~ -0- -0~
-0~ -0~ ~-0-
-0- -0- -0~
-0~ -0~ ~0-
-0~ -0- -0-
-0~ -0~ -0~
=0~ -0~ -0~
-0~ -0~ -0~
~0- -0~ 6.3
-0~ -0~ 3.4
-0~ 3.0 -0~
-0~ ~0- -0~
-0~ -0~ 18.0
-0-- -0~ 3.0
-0- -0- 7.1
-0~ 16.5 -0~
-0- 19.5 38.3
14.9 -0~ ~0-
8.9 -0- ~0-
24,0 20.0 38.0



Appendix H
EDUCATION FOR CROP PRODUCTION AND EXPORT



Appendix H
EDUCATION FOR CROP PRODUCTION AND EXPORT

A number of constraints have limited the ability of Guatemalan
growers in the past to respond to opportunities for expanded
export crop production. These may be summarized as follows:

o Lack of information. Many farmers do not know
what crops to grow.

o} Lack of planning and quality control. FEven with
information about what to grow, farmers need to
know how to grow particular crops. The inability
to meet quality standards for export has limited
the expori market in the past and led to eccnomic
losses as well as hard feelings between growers
and exporters.

o) Lack of organization. The small size of most
farms and consequent small yields make the organ-
ization of small farmers important for expanded
production. Agricultural cooperatives have been
an important vehicle for this as well as for the
provision of the information and technical assist-
ance needs listed here.

o Lack of marketing and export experience. Many
growers have experienced economic losses because
of poor relationships with brokers and exporters.
Some cooperatives, too, have begun to market their
export crops directly in order to increase farmer
income.

With regard to managers and exporters, AID considers their
insufficient number in Guatemala an obstacle to further
development, but not a significant one:

"As the most developed economy in Central America,
Guatemala has a comparably advanced cadre of managers,
exporters, and financial intermediaries. Granted, to
date this human infrastructure has concentrated most of
its skills in managing traditional exports or procuction
for a local or regional market. New skills will be re-
gquired to start or expand the production, processing,
and marketing of fruits and vegetables. Nonetheless,
USAID believes that Guatemala's professional managers,
business schools, and private trade organizations, with
the added support of this project, are more than equal
to the challenge of agribusiness development" {USAID,
1984, p. 6).



Other constraints can be resolved, assuming that the
development and implementation of an irradiation facility
proceeds, if mitigations are developed and implemented in
conjunction with the project. There are numerous public and
private organizations in Guatemala with responsibility in
agricultural development. With proper financial support and
direction, these nrganizations can be mobilized to alleviate
some of the constraints and enhance the benefits of the
project.

Some of the major organizations are described below. No
attempt has been made to rank them by importance or to
suggest that one is more capable than another in addressing
Certain training requirements. Rather, the intent at this
early stage of project formation is to demonstrate the
availability and capability of various organizations.

DIGESA (Direccion General de Servicios Agricolas). As the
Ministry of Agriculture's agricultural extension office, the
objectives of DIGESA are to design, direct, and operate
programs of production, education, and technical assistance
for small and medium farms ind farming organizaticns (DIGESA,
1984, p. 2). Projects relate to small-scale irrigation,

soil conservation, rural schools, juvenile clubs, new and
improved crops, and the training of rural people as guias
agricolas to assist farmers,

Evaluations of projecc implementation -eveal a record of
increasingly skilled technicians. Problems have included
bureaucratic delayc; lack of coordination and communication
with other organizations, between administrative levels. and
within local areas; lack of followup; and lack of adequate
funding and staffing for stated goals (Casasco, 1982).

The overall reputation of DIGESA appears to be plagued by an
historical record of bureaucratic neglect and misplaced
programs. Recent years have tempered this percepticn with
increased performance and professionalism within the agency.,

INTECAP (Instituto Tecnico de Capacitacion y Productividad).
INTECAP offers consultation and technical training to
workers, administrators, and executives in the agriculture,
energy and mines, and livestock and cattle sectors in
Guatemala. Integration and coordination problems with other
agencies, such as DIGESA, have occurred in the past,
resulting in lack of information to local farmers. Although
the focus of INTECAP since 1981 has been more industrial and
less agricultural, they have a cadre of agricultural profes-
sionals to implement their programs.

INTECAP is in the process of developing 2- to 3-year tech-
nical career programs in export policy and production. The
training of mid-level managers will be the major benefit;



the programs are not expected to solve the short-term demand
for export management expertise (Harrison, 1984).

ICAITI (Instituto Centroamericano de Investigacion v Tech-
nogia Industrial). A regional organization, ICAITI performs
research and provides technical assistance to the industrial
sector in Guatemala. They purchased and used & food irradi-
ator from the U.S. in the 1950's under the "Atoms for Peace"
program of the Eisenhower administration. It was later dis-
mantled when the food irradiation program worldwide faltered.
They appear to have the technical expertise to implement an
irradiator, but do not have a training component in their
program. In the last several years, they have undertaken a
number of studies in the area of nontraditional agricultural
exports (Harrison, 1984).

INCAP (Instituto de Nutricion de Centroamerica y Panama) .
Formed in 1949, the objectives of INCAP are to provide edu-
cation and research on nutrition to address the poverty and

malnutrition endemic within much of the population. In
recent years, they have investigated aspects of food
technology and agribusiness development. Studies are now

underway on rural peoples' uses of income as their incomes
have increased with export production. INCAP's knowledge of
rural conditions, its emphasis on self-sufficiency, and its
record of education and rescarch would appear to be useful
in implementing an irradiation project.

INACOP (Instituto Nacional de Cooperativos). INACOP is a
national, autonomcus government agency begun through the
cooperative society law of 1979. It has responsibility for
enforcing laws and regulations related to agricultural
cooperatives, promoting their organization, and providing
technical assistance (USAID, 1980). They do not organize
cooperatives directly but can inform people of legal and
administrative requirements. They can also facilitate
information flow and problem solving between cooperatives;
for example, when a cooperative is interested in direct
exporting, INACOP can direct its members to other
cooperatives with that experience.

ICTA (Instituto de Sciencia y Tecnologia Agricola). While
historically ICTA has been involved in the development of
agricultural technology, during the last 5 years it has
bequn application in the countryside of agricultural proj-
ects, including efforts to upgrade grain varieties and the
development of large-scale irrigation. t emphasizes
agrotechnical and socioeconomic surveys of existing farming
systems and uses survey results to structure its research
objectives and priorities (Johnston and Clark, 1982). TIts
direct experience with farmers would warrant consultation
with and involvement of this group in the promotion of
expanded export opportunities.




INCAE (Instituto Centroamericano de Administracion de
Empresas). A private, nonprofit multinational institution,
INCAE provides only graduate and short-term instruction in
business and public administration. Headguartered

in Costa Rica with a representative in Guatemala, INCAE is
advised by the Harvard School of Business and uses its case
method program. Financially supported by USAID, it has
graduated over 2,500 students. Since 1970, it has offered
an agribusiness management course that includes production,
processing, and marketing. INCAE created a new program on
export marketing and management in 1982 (Harrison, 1984,
contains more complete information on these and related
training programs.)

FUNDECOEX (Fundacion Guatemalteca Fara Desarrollo Empresarial,

Comercio Exterior e Inversion). A nonprofit, private
foundation, FUNDECOEX is just one year old. Their mission
is to offer technical assistance and training to managersg
and exporters, as well as to farmers seeking direction about
new crop opportunities and quality control for exvort.
Staffed with experienced personnel, they seek to assist
people in the aqgricultural scctor traditionally bypassed by
other development cfforts.
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Appendix I
CONSUMER ACCEPTANCE OF IRRADIATED FOOD

There is general agreement in the food and irradiation
industries, as well as the government agencies with respon-
sibilities related to these industries, that consumer
acceptance is the single most critical aspect in the
adoption of food irradiation technology in the U.S. 1In
other parts of this report, government regulation and
support, health issues, technical aspects, and economic
feasibility issues have been addressed in some depth.
Consumer acceptance studies, on the other hand, are not
numerous. This section reviews some of the major ones and
summaxrizes the common issues that appear germane.

The Joint FAO/IAEA Division of Isotope and Radiation Appli-
cations of Atomic Energy for Food and Agricultural Development
(IAEA, 1983) convened a group of consultants in Vienna to
analyze marketing and consumer acceptance factors related to
food irradiation. Two barriers were identified: (1) the
negative association with radiation and (2) the lack of
knowledge of the benefits. A long-range educational program
by the food industry in conjunction with health and agricul-
tural agencies of individual governments was recommended.

The benefits to be communicated include extended shelf life,
delayed ripening, improved quality, freedom from parasites

and germs, reduced dependency on chemicals (preservatives,
fumigants, pesticides), savings in costs (direct and indirect),
as well as the retention of original taste, aroma, color and
texture (IAEA, p. 18). They conclude that information on

the safety of the process and the positive benefits will
facilitate consumer acceptance.

In addition, the Joint FAO/IAEA group adopted the position
that labeling should not be required on irradiated food
commodities. They reasoned that, since food irradiation is
a process and not an additive and no other food process
requires labeling, no scientific justificatios exists to
require a label. Moreover, they considered that labeling is
not a suitable vehicle for education because of limited
space and that alternative, mass media, efforts should
instead be undertaken (IAEA, p. 20).

The consultant group also recommended that national steering
committees on food irradiation be established because of the
lack of appropriate national-level agencies in most countries.
Such committees could coordinate and promote educational
programs as well as government and industry cooperation.

Young (1982), through consumer polls and marketing tests,
identified two major consumer concerns regarding safety and
nutritional effects. Secondary concerns were related to



waste disposal, transportation of nuclear materials, pollution,
and the control and inspection of pPlants. Young recommends
tight regulation and inspection of the food irradiation in-
dustry by both industry and appropriate government agencies

as the surest way to protect industry investment. Without
such effort, Young believes food irradiation technology will
come to be associated with the nuclear industry and the dis-
trust of the industry by the public. To "overcome the risk
factor," Young recommends full disclosure of information,
including labeling that describes the irradiation process.

The Canadian Gallup Poll Limited (1984) undertook a market
feasibility test for irradiated fish and seafood in the
cities of Montreal and Toronto. Consumer concerns included
the possible destruction of vitamins and nutrients, possible
residues of irradiation, and the safety of the preservation.
Despite these hesitations, 80 percent responded favorably to
the concept, particularly the benefit of no chemicals or
preservatives. The terms "freshness extended by irradiation"
and "ionized fresh" were received better than the terms
"irradiation," "treated with ionizing radiation," or
"treated with ionizing energy." The term irradiation evoked
fears of radiation and cancer with consumers. At the same
time, awareness of the technology is quite low; 80 percent
also indicated their desire for maximum information on the
label, including both a name and a symbol.

Concerns of traders in the fish industry appeared to be more
pointed. Because the fresh fish market is a small percent-
age of the overall fish demand, it was not clear to traders
that irradiation would expand the market. The quick turn-
around time in marketing fresh fish not only keeps prices
high but limits the significance of waste as an issue, thus
obviating a potential benefit. Traders were also skeptical
of consumer acceptance.

Twenty percent of the consumers sampled in this survey indi-
cated they would "buy a lot more" fresh fish if the shelf
life made possible by irradiation were extended; 40 percent
said they would "probably buy more" while the other 40 per-~
cent indicated that fish irradiation would not change their
fish~buying habits. Because of the overall positive reaction
of consumers, this study recommends proceeding with the next
research stage in marketing, that of in-home testing.

In South Africa, Webb (1983) describes a 9-month period
during 1978-79,

"at which time 140 t of potatoes, 20 t of mangoes, 20 t
of papayas and 6 t of strawberries were radurised at
Pelindaba and Tzaneen and thereafter sold in 20 super-
markets in Johannesburg and Pretoria. The outcome of
this trial was most encouraging with more than 90



percent of the consumers reacting positively toward the
radurised commodities which were labelled with a

'"RADURA' emblem" (page 82).

A marketing campaign, including a national symposium,
followed to educate the public about the results, A
national steering committee was organized following this
effort. 1In 1981, irradiated onions and Strawberries were
marketed in the offseason, resulting in high market prices,
strong consumer accep*ance, and producer support. Webb
accounts for this success by gradual implementation and the
"genuine attempt to inform the public and allay their fears"
(page 8). The methods used in this case to drvelop public
support include the following: 1leaflets at retail outlets;
information desks during test periods with experienced
staff; telephone followup with consumers to solicit views;
newspaper articles; and radio and television programs.

In the U.S., a study of the economic teasibility of using
irradiation in the pork industry was undertaken by CH2M HILL
for the Department of Energy's Byproducts Utilization Program,
It concluded that "social feasibility will depend in large
part on consumer acceptance of pork certified as trichina~-safe
and on attitudes toward the irradiation issue" (CH2M HILL,

p. i). A national U.S. survey followed for the Department

of Energy and the National Pork Producers Council. A majority
of the 1,000 households sampled (54 percent) indicated that
they read labels most or all of the time. Major consumer
concerns expressed with regard to chemical sprays, disease,
preservatives, and spoilage were discovered to significantly
reduce demand for pork products. About 80 percent of the
sample had heard of food irradiation cechnology, with the

term "ionization" eliciting less concern than the term
"irradiation," but with 40 percent expressing "major concern"
with the concept regardless of the term used. One conclusion
is that "additional and more effective consumer information
will be necessary to reduce the significant concern that
exists presently within the population" (CH2M HILL, p. 31).

At the same time, it is significant to ncte that concern
expressed about irradiation is lower than that expressed
about food chemicals and preservatives. However, over half
the sample was unable to identify positive advantages of the
process. Instead, the desire for mcre and better informa-
tion was clearly expressed, including the nature and results
of research. Once information about food irradiation was
presented to the sample, peoplec viewed the alleviation of
world hunger and the reduced need for chemicals and preser-
vatives as the two major benefits of the process. Signifi-
cantly, a third of those people undecided about the process
expressed major concerns after being presented with
information, while a full 60 percent indicated they would at
least have minor concerns after the information was presented.



By way of summary, the literature does not reveal a consen-
sus on the issue of labeling, with some experts supporting
food labeling and others not. However, most studies did
recommend information and education programs for the public
and reported high public interest in more information. The
positive South African experience of gradual introduction of
the concept of irradiated products, coupled with a public
information program and per-onal follow~up, offers the most
instructive example of successful implementation.

The food industry in the U.S. has been taking steps to pro-
mote consumer acceptance. In addition to the studies cited,
the NFPA has coordinated the formation cf a Coalition for
Food Irradiation. NFPA has many members consisting of the
major food cceiporations and marketing and producing
associations in the countrv. The coalition is composed of
NFPA representatives, government agencies such as the USDA
and the 2ID, industrial groups such as the Atomic Industrial
Forum, American Meat Institute, and the Food Marketing
Institute, as well as numerous companies including Kraft,
Del Monte, and United Fresh Fruit and Vegetable. The Atcmic
Industrial Forum has prepared media packages for a national
campaign. Over 20 companies are Preparing media campaigns
and consumer acceptance programs in preparation for the
expected FDA approval ot food irradiation. Several other
firms are engaged in testing food processing methods,
including irradiation. Industry interest thus appears sig-
nificant. It seems faiir to conclude that adequate measures
are being taken to address and assure consumer acceptance in
the U.S.

A commercial food irradiation facility in Guatemala would at
least initially be used for exXport crops. Consumer accept-
ance of irradiated food products in Guatemala will thus not
be an issue until such time as domestic food irradiation is
considered. Rather, "({(T)he greatest potential benefit of
focd irradiation to developing countries is the reduction of
postharvest losses and increasing export of surplus food"
(IAEA, p. 12). Consumer acceptance in the U.S. is described
as the number one concern of the Government of Guatemala by
representatives of DGEN. Costly investment in a facility in
Guatemala is not desired if consumer acceptance in the U.,S.
is in question.
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Table J~1

COSTS AND RETURNS FOR BEANS

Item

Direct Costs

Frepare soil
Planting
Fertilizing
Weeding
Pesticide application
Harvesting
Materials
Fertilizer
Pesticides
Seed

TOTAL Direct Costs

Indirect Costs

Administrative 5%
Contingency 5%
Interest 8%/6 mo.
TOTAL Indirect Costs
TOTAL COST

Gross Returng

29 qq @ 23 0/qq

a
Egt Incomg_

a
Includes returns to mana

profit.

Amount
(quetzales/hectare)

60
39
12
87
69
74
39
41

430

22
22
17
61

491

667

176

gement and land along with any

Note: Table is based primarily on data from "Costos E
Ingresos De Produccion," BANDESA, Guatemala, August
1984, with adjustments based on data from other
sources and to reflect the national economic

perspective.



Table J-2

COSTS AND RETURNS FOR WHEAT

Item

Direct Costs

Prepare Soil
Planting
Fertilizing
Weeding
Pesticide Application
Harvesting
Materials
Fertilizer
Pesticides
Seed

TOTAL Direct Costs

Indirect Costs

Administrative 5%
Contingency 5%
Interest 8%/5 mo.
TOTAL Indirect Costs
TOTAL COS'T

Gross Returns

55 gqq @ 14 Q/qq

a
Net Income

@Includes returns to management and land

profit.

Amount
(quetzales/hectare)

63
21
15
36
12
117

103
42
77

486

24
24
16
64

550

770

220

along with any

Note: Table is based primarily on data from "Costos E

Ingresos De Produccion,

" BANDESA, Guatemala, August

1984, with adjustments based on data from other
sources and to reflect the national economic

perspective.
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Table J-3

COSTS AND RETURNS FOR CORN

Item

Direct Costs

Prepare soil
Planting
Fertilizing
Weeding
Pesticide application
Harvesting
Materials
Fertilizer
Pesticides
Seed

TOTAL Direct Costs

Indirect Costs

Administrative 5%
Contingencies 5%
Interest 8%/6 mo.
TOTAL Indirect Costs
TOTAL COST

Gross Returns

65 qq @ 9 G/qq

Net Incomea

a
Includes returns to mana

profit.

Amount
(quetzales/hectare)

63
27
15
93

78
86
22
23

416

21
21
17

59

475

585

110

gement and land along with any

Note: Table is based primarily on data from "Costos E
ingresos De Produccion,"” BANDESA, Guatemala, August
1984, with adjustments based on data from other
sources and to reflect the national econonic

perspective.
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Table J-4

COSTS AND RETURN FOR TOMATOES

_Item

Direct Costs

Prepare seedbed
Prepare soil
Transplanting
Fertilizing
Weeding
Pesticide application
Watering
Harvesting
Materials
Fertilizer
Pesticides
Seed
Wood and raffia

TOTAL Direct Costs

Indirect Costs

Administrative 5%
Contingency 5%
Interest 8%/4 mo.
TOTAL Indirect Costs
TOTAL COST

Gross Returns

1,000 Boxes @ 2.50 Q/box

Net Incomea

a
Includes returns to mana

profit.

Amount
(quetzales/hectare)

84
87
48
36
141
57
105
519

168
277
14
32

1,568

2,500
734

gement and land along with any

Note: Table is based primarily on data from "Costos E

Ingresos De Produccion, "

BANDESA, Guatemala, August

1984, with adjustments based on data from other
sources and to reflect the national economic

perspective.
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Table J-5

COSTS AND RETURNS FOR OKRA

Item

Direct Costs

Prepare soil
Planting
Fertilizing
Weeding
Pesticide application
Watering
Harvesting
Material
Fertilizer
Pesticides
Seed
Other materials

TOTAL Direct Costs

lndirect Cousts

ARdministrative 5%
Contingencies 5%
Interest 8%/5 mo.
TOTAL Indirect Costs
TOTAL COSTS

Gross Returns

290 qq @ 12 Q/qq

Net Incomea

Amount
(quetzales/hectare)

105
21
51

171

108

162

417

220
332
44
85

1,716

86
86
57

229

1,945

3,480

1,535

%Includes returns to management and land along with any

profit.

Note: Table is bascd primarily on data from "Costos E
ingresos De Produccion," BANDESA, Guatemala, August
1984, with aujustments based on data from other
sources and to reflect the national economic

perspective.
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Table J-6

COSTS AND RETURNS FOR MANGOES AFTER TREES ARE ESTABLISHED

Item

Direct Costs

Weed control
Fertilizing
Pesticide application
Watering
Pruning and thinning
Plateos
Harvesting {picking)
Material
Fertilizer
Pesticides

TOTAL Direct Costs

Indirect Costs

Administrative 5%
Contingency 10%
Interest 8%/12 mo.
TOTAL Indirect Costs
TOTAL COST

Gross Returns

360 Trees/hectare ® 30 cartons/tree
@ .75 Q/carton

Net Incomea

Amount:
{quetzales/hectare)

144
18
12
18
30
18

180

60
40

520

26
52
42
120

640

8,100

7,460

qIncludes returns to management and land along with any

profit.

Note: Table is based primarily on data from "Costos E
Ingresos De Produccion," BANDESA, Guatemala, August
1984, with adjustments based on data from other
sources and to reflect the national economic

perspective.
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Appendix K
SOCIAL ANALYSiS TFFOR HAITI

The purpose of this appendix is to analyze the social sound-
ness of low-dose irradiation in Haiti. In particular, it
assesses the potential social impact of building a low-dose
irradiation facility near th=z capital, Port-au-Prince,
primarily to serve the fresh mango export business. The
impetus for this analysis is the recent EPA reqgulation which
bans the use of EDB as a fumigant for produce consumed in
the United States. This ban has the effect of eliminating
exports to the United States of certain fruits and vegetables
that have depended on EDB fumigation to meet U.S. quarantine
requirements. The present study was conducted to deterinine
the potential of certain agricultural exporting countries in
Central America and the Caribbean, including Haiti, to use
low-dose irradiation as an alternative to EDB.

Fresh mangoes are the only Haitian export crop that depends
on EDB fumigation. If no alternative method of meeting U.S.
quarantine requirements is found, this crop will be the sole
casualty of the new EPA regulations in Haiti. However, the
seemingly limited scope of the problem belies the gravity of
the situation. Haiti is the least developed nation in the
Western Hemisphere and among the least developed interna-
tionally. Agriculture is the mainstay of the society.
Nationally, according to the 1982 census, almost 50 percent
of employed females and over 75 percent of employed males
are ¢ngaged in some sort of agricultural activity

(IHS, 1984). 1In the rural areas, where approximately

75 percent of Haiti's more than 5 million people live,
almost everyone depends on agriculture for their existence
(USAID, 1984).

Although the mainstay of the society, Haitian agriculture is
in a critical condition. The interaction of physical, tech-
nical, social, and institutional constraints, including the
growing scarcity of arable land because of increasing popu-
lation, one of the worst deforestation and soil erosion
problems, the lack of credit and extension services, the low
level of production technology, and cultivation practices
that lead to land exhaustion have resulted in a generally
poor to stagnant agricultural performance. Among thes» con-
sequences are an insufficient food supply to feed a popula-
tion that grows at about 2 percent per annum; higher food
prices that affect everyone, but mostly the poor; a critical
decline in rural incomes; and the resultant migration to the
cities in search of nonexistent jobs,

Mango production stands in s:arp contrast to much of this
generally bleak agricultural picture. According to FAO



figures, Haiti produced an estimated 335,000 tonnes of mangoes
in 1982. After giant Brazil and Mexico, who rank first and
second, respectively, tiny Haiti is the third largest
producer of this fruit in the Western Hemisphere (Fa0,
1982). Most important, in a country in which malnutrition
is a major problem, fresh mangoes are an important food
supply. They have also recently become an important export.
The small~scale exportation of fresh mangoes began only in
the late 1960s. By 1974, the first year for which figures
are available, 300,000 cases (1,650 tonnes) were being
exported annually. This base figure has experienced a
dramatic increase of approximately 21 percent annually for
the past 10 years. Thus, by 1984, the total of fresh man-
goes exported reached 2,012,653 cases or approximately
11,000 tonnes (AGRICORP, 1984). (Note: Only 3 percent of the
total estimated mango crop is exported.)

Haiti is not a "mango republic"; coffee has long.been and,
despite recent declines, remains its leading export. Never-
theless, according to most knowledgeable observers, fresh
mangoes have assumed a firm second place. By everyone's
reckoning, in 15 years fresh mango exportation has become a
vital industry which, in addition to economic impact, has
important social consequences. These include:

1. The creation of a new market for an agricultural
commodity that producers have in such surplus that
it often goes to waste

2. The creation of new jobs in the rural areas and in
the capital city

3. An increase in rural incomes owing to elevated
prices for the export variety mango

4. The exportation of an agricultural crop for which
no new technology or no retraining of farmers is
needed

5. The development of an agricultural export crop

that does not compete for space with other food
crops that are needed to feed the population

6. An increased incentive for landowners to plant
mango trees and leave existing ones standing, thus
positively contributing to the critical deforesta-
tion and soil erosion problems

As of August 31, 1985, the last day mangoes treated with EDB
were allowed in the United States, Haiti stood to lose at
least 90 percent of its fresh mango export market. If this
occurs, the country also stands to lose the social benefits
derived from this export. The potential exists in Haiti for
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other agricultural and commercial applications of low-dose
irradiation. However, because of the present need of the
fresh mango export industry for an alternative to EDB, this
analysis will focus primarily on the potential social impact
of such a facility on the fresh mango export industry and
bopulation. 1In social terms, the need to consider low-dose
irradiation for evport mangoes is immediate and urgent. How
would the construction of a low-dose irradiation facility
affect the industry and those involved in it? Who will be
affected if Haiti loses 90 percent of its fresh mango export
market? What will be the social consequences if no
alternative to EDB is found?

A corollary to the established need of the mango industry
for an alternative to EDB is that, if built, a low-dose
irradiation facility would have less potential for social
innovation or change than most development projects. Such a
facility would not effect changes of the type and imagnitude
of, say, an irrigation project in a previously dry farming

area. In terms ol fresh mango export industry, a low-dose
irradiation facility would primarily maintain the status
quo.  The transfer of low-dose irradiation teclinology is

being considered for that very reason. It might be the only
means of preserving the fresh mango export industry and thre
social field created by that industry. For instance, if
such a facility is built, the majority of those most af-
fected by it would never see it, would probably never know
it exists.

This social soundness analysis will reflect some of these
anomalies and will proceed as follows:

o First, it will describe and enumerate those groups
of persons and institutions involved in fresh
mango exports. This is the population that will be
most directly affected by the EDB ban. Conversely,
it is also the one that would be most affected by
the construction of a low-dose irradiation
facility.

o) Second, it will discuss problems in the transfer
of low-dose irradiation technology that might
arise owing to sccial factors either internal or
external to Haiti.

IMPACT POPUILATION

The three major groups directly involved in the exportation
of fresh mangoes are:

1. The peasant landholders who have Francis mango
trees



2. The intermediaries who contract with the. peasant
producers, harvest the mangoes, assemble them at
central locations, and transport the crop from the
various rural areas to the factories

3. The export rirms and their employees who prepare
and ship the fresh mangoes, primarily to the United
States

THE PRODUCERS

The largest group affected by the exportation of fresh mangoes
is the peasant producer. Unlike elsewhere in much of Latin
America, where latifundia or plantations worked by landless
laborers predominate, Haiti is characterized by small proper-
ties cultivated by peasant landholders. An estimated 95
percent of all cultivated land in Haiti is farmed by peasants
who have access to it through ownership, usufruct, rental,

or sharecropping. Approximately 850,000 peasant households
produce the bulk of the country's varied agricultural output
on fragmented holdings averaging about 1.1 hectares in total
size (INS, 1982).

Haitian peasant production is generally not subsistence
agriculture. Storage techniques for most crops are inadequate
to nonexistent. Peasants also have relatively high cash
needs to purchase foodstuffs they do not produce, to purchase
consumer goods, to pay for school fees, to pay for healing
and other rituals, and to purchase agricultural input (e.qg.,
seeds, labor). Thus, peasant production is usually more
oriented to the market than to household consumption.

Peasants throughout the country purchase substantial amounts
of the food they eat, and sell substantial amounts of what
they grow (Murray and Alvarez, 1981:101). An estimated

70 percent of all peasant agricultural production is sold
either for the internal or export markets (Plotkin, 1984).
Haitian peasant agriculture is also marked by diversification.
This diversification is found not only across land types and
individual landholdings but, generally, within a typical
holding. The average peasant household farms a variety of
crops to minimize the risk of crop failure (Murray, 1981).

Haiti's export mango production mirrors this general pattern:
peasant ciltivators with small fragmented landholdings pro-
duce almost the entire crop. Recently several wealthier,
generally absent landowners have planted trees with the spe-
cific aim of profiting from the new industry. These new
planters, however, are still relatively unimportant. The
volume they produce is minuscule in terms of the total vol-
ume exporte=d. Although no statistics exist, knowledgeable
observers of Haitian agriculture agree that, as with other
internal and export crops, peasant landholders produce the
bulk of export mangoes.
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As with other crops, the production of export mangoes is
diversified. For instance, there are only two known mango
groves, both of which have been planted by nonpeasant
landowners. Generally, individual mango trees of all
varieties grow in the midst of fields planted with other
crops, close to the houses for shade, along the paths and
roads, or as boundary markers of individual holdings. The
smallest landholders may have no more than one or two trees,
As with other crops, some mangoes are consumed by the
peasants but most are sold for cash. One study reports that
only 11 percent of the harvest of export variety mangoes 1is
consumed within the peasant producers' households; 36
percent and 53 percent are sold for the internal and export
markets, respectively (AGRICORP 1984:65). Along with
mangoes, peasants in this area raise plantains, corn,
millet, and beans for home use and for sale.

Two additional variables characterize the producers of
export mangoes: the variety they produce and the geographi-~
cal area in which they produce it. Although 52 varieties
are grown in Haiti, the Francis (Fransik) or Mrs. Francis
(Madam Transik) is the only one exported in any quantity.
Other varieties are used in the mango transformation indus-
try, and several other varieties of mangoes are exported
fresh in limited quantities only at the beginning of the
season when the Francis is in short supply. The Francis
mango is larger (average size: 1 pound), less fibrous
(i.e., less "stringy"), and has a smaller pit-to-fruit ratio
(roughly 14 percent) than any other Haitian mango. These
characteristics plus its abundant production have made it
the ideal export variety. Likewise, although this variety
is found almost throughout the country, seven small geograph-
ical areas are most noted for both the quality and quantity
of their Francis mango production. These areas range in
location from Leogane in the southern peninsula to Gros
Morne in the north (Figure K~1). For instance, from aerial
photographs it is estimated that, of the approximately
90,000 mango trees in the 337.9 square kilometers of the
commune of Gros Morne, about 44,000 trees (or roughly half
the total) are Francis mango (AGRICORP 1984:55).

The peasant producer receives substantial financial benefits
from the exportation of Francis mangoes. According to
AGRICORP's study (1984), Gros Morne producers received an
average of 16 cents per dozen for mangoes sold for the inter-—
nal market in 1984. Prices tor these iaternally marketed
fruit varied between 6 cents per dozen in the high produc--
tion season to 30 cents per dozen during the low production
season. In contrast, during the same year, Francis mangoes
brought an average price of 42 cents per dozen with a
variation of between 30 cents to 50 cents per dozen, de-
pending on season. 9The price per dozen for Francis mangoes
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rose an average of 21.29 percent annually between 1979 and
1984. Over 22 percent of total cash income for peasants in
Gros Morne is derived from the sale of export mangoes
(AGRICORP 1984:91).

THE INTERMEDIARIES

As with other expcrt crops, export mangoes have a specialized
network of intermediaries. Pivotal to this network are
fournise (suppliers) who have personal contacts both in

major Francis mango production zones and with mango export
firms. Generally, it is these fournise who arrange for the
collection of export-quality mangoes in a given area, their
collection at certain central points that can be reached by
truck, and their transportation to the export firms in
Port-au-Prince.

Using personal contacts in the production areas, the
fournise first organize a team of ajan (agents) who are
capable of celectlng and deliveraing export quality fruit.

In turn, these ajan use their personal alliances to contract
with peasant producers for their year's production of Francis
mangoes. The ajan may buy the entire annual production of a
tree for about 16 to 20 dollars cr, usually, buy the mangoes
by the dozen. As mentioned above, the price per dozen for
export mangoes ranges between 30 cents and 50 cents, with an
average price of 42 cents. As they sell by the dozen also,
to increase their profit margins ajan attempt to get one or
two extra mangoes for each dozen they buy. Generally the
ajan harvest the mangoes as well as transport them by donkey
or horse to a more centralized location. They may also have
several subagents or persons with transport animals working
for them.

After receiving the mangoes at these centralized locations,
the fournise then arrange for their transportation by truck
to the export firms. After the mangoes have keen sorted and
classified at the factories, the fournise sell them to the
export firms in case lots at approximately $1 per case.

This price includes commissions to the various ajan for each
dozen, roughly 15 cents per dozen, and shipment costs of
about 15 cents per case.

At the factory, export mangoes are classified by four numbers,
8, 10, 12, and 14, according to how many it takes to consti-
tute one case. For instance, the large number 8 mango yields
8 per case and the small number 14 yields 14 per case. The
fournise, who buy by the dozen, receive their greatest profits
on the sale of the most common size, number 10. The purchase
of 10 dozen number 10 mangoes (120 mangoes) gives them

12 cases for sale (AGRICORY 198B4:28).
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THE EXPORT FIRMS

For the 1984 season, 11 firms were involved in the exporta-~
tion of fresh mangoes. According to a study done by
AGRICORP based on data supplied by OPRODEX, the government
export commodity promotion board, 5 of these 11 firms
accounted for approximately 85 percent of the 2,012,653
total cases exported. Table K-] lists these five leading
firms and the total number of cases exported by each.

Table K-1
THE FIVE LEADING MANGO EXPORTERS AND
THE NUMBER OF CASES OF MANGOES EXPORTED BY EACH

Mango Export Firm Number of Cases Exported
ASDEM, S.A. 839,700
Jean Jacques Sylvain & Son 369,400
BRIMPEX 269,560
Harald Bussinius 140,980
J.M.B. Export 124,600
TOTAL 1,744,280

Source: AGRICORP, 1984: 37

These 11 firms are varied in terms of organization, resources,
and scope of operations. At the apex, ASDEM (Association
des Exportateurs de Mangues S.A.) is both the largest and
oldest in the fresh mango exportation business. ASDEM began
in 19€8 as an association of 17 individual fresh mango ex-
porters. Today, it has evolved into a corporation with
somewhat diversified interests comprising 13 stockholders.
In addition to fresh mango exports, ASDEM briefly canned
tomato products and is becoming increasingly invoived in the
mango transformation industry (i.e., in base for chutney and
paste). Alcthough accounts vary, ASDEM is undeniably the
largest single mango exporter. Data in the AGRICORP study
suggest that it has about 42 percent; ASDEM estimates its
share at 70 percent; and competitors state the corporation
controls 60 percent of the exportation market.

Ancillary to its fresh mango exportation, ASDEM operates its
own fumigation chamber, reputedly the second largest such
chamber in the world and one of nine operating in Haiti. 1In
addition to its own exports, the corporation fumigates the
mangoes of some of the smaller, nonchamber-owning firms,
Moreover, in conjunction with two other major expo.ters,
Jean Jacques Sylvain and Son and J.M.B. Export, ASDEM forms
another corporation involved in the mango trade named LEOCO
S.A. Although ASDEM's exact portion may be a point of con-
jecture, the portion of the mango export market shared by



the three firms involved in LEOCO is indisputably the
majority. Based on the same AGRICORP figures, Jean Jacques
Sylvain and Son controls over 18 percent and J.M.B. Export,
which is owned by the son-in~law of the director of ASDEM,
has slightly over 6 percent of the export market. Thus, the
three firms forming LEOCO controcl 66 percent of the fresh
mango export market. For the 1983-841 season, LEOCO was
awarded the USDA contract to furnish the services of a USDA
fumigation supervisor to all firms involved in fresh ship-
ping exportation in Haiti. In additicn, the three LEOCO
stockholding firms reportedly receive priority delivery from
EFELSA, a manufacturer that produces cardboard shipping
cartons at the most favorable price in Haiti. The manager
of EFELSA is also one of the stockholders in ASDEM.

Three other firms involved in the mango trade--Harald Bussenius,
Haiti Citrus, and Haitian Products--form an organization

called the Association des Exportateurs de Fruits (ASDEF).
Although its mangoes are exported to the United States through
Haiti Citrus, Haitian Products formerly had the USDA contract
for fumigation. ASDEF tried but was unsuccessful in its

attempt to obtain the 1983-84 season's USDA fumigation

contract. As mentioned above, this season's contract was
awarded to LEOCO.

Generally, wmanygo export firms are also involved in the
exportation and/or transformation of other agricultural
commodities. For instance, Harald Bussinius, the fourth
largest mango exporter, refines and exports essential oils
(e.g., vetiver) and has a large clairin (raw rum) distillery.
AGRICORP, which was created by nine agronomists, is involved
in various aspects of agricultural development, production,
research, ard management as well as the small-scale

(37,000 cases) exportation of mangoes. Four of the five
largest mango exporters cited above have their own fumigation
chambers. One of the smaller mango export firms and two
firms™ not directly involved in mango exportation alsc have
chambers., The six nonfumigation chamber owning export firms
must contract with these seven firms for the use of their
chambers.

In addition to the managers, owners and stockholders, mango
export firms employ an assortment of clerical workers, labor-
ers, and truckers to transport the mangoes to the shipment
point. For instance, an assortment of laborers is needed to
wash the mangoes, sort out those that are not export quality,
classify them by size (i.e., numbers 8, 10, 12, or 14), and
put the mangoes into their cases according to these classi-
fications. Subsidiary industries also depend on the export
firms. Two Haitian carton manufacturers produce

1One of these two firms, which is owned by the President's
brother-in-law, has two chambers.
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mango shipping containers and a cottage industry has
developed that sells cooked foods and snacks to the firms'
laborers and clerical workers.

ESTIMATED SIZE OF AFFECTED POPULATION

There are no reliable data on the numbers of people involved
in the mango export business. Even within the industry,
informants can only hazard quesses. For example, an ASDEM
spokesperson estimates that his corporation involves at
least 6,000, including those who are not employed by the
firm, such as producers and intermediaries. Other estimates
vary between 45,000 and 100,000 people. The following
pieces together available data to arrive at a rough approxi-
mation of the number of people involved in the fresh mango
export industry.

As mentioned above, peasants who have Francis mango trees
are the largest population affected by the export industry.
According to data from the 1982 census cited in the AGRICORP
study (1984:88-89), there are approximately 16,000 rural
households in the commune of Gros Morne. Of these

16,000 rural households, AGRICORP researchers during inter-
views estimated that at least 90 percent have Francis mango
trees. Thus, census data and informed estimates suggest
that approximately 14,400 rural Gros Morne households have
mangoes that enter into the export market (90 percent of
16,000 rural households equals 14,400 rural households).

As also mentioned earlier, Gros Morne is one of seven zones
of intense and qualitatively superior Francis mango cultiva-
tion. These seven zones produce the entire Francis mango
export crop. The AGRICORP study (1984:59) estimates that
Gros Morne's Trancis mango production constitutes approxi-
mately 20 percent of the export total. For the purpose of
arriving at a rough approximation of the numbers of peasant

households involved in the export, this estimate is accepted.

It is further posited that the number of peasant households
involved with Francis mangoes in the other six zones is
roughly equivalent to that number in Gros Morne. If Gros
Morne, which produces an estimated 20 percent of the export
crop, has approximately 14,400 peasant households involved,
the other six zones, which produce 80 percent of the export
crop, have approximately 57,600 peasant households involved.
Thus, a rough approximation based on the only data available
is that about 72,000 peasant households nationally produce
Francis mangoes for the export market.

The numbers of persons involved with the 11 fresh mango
export firms car be roughly calculated from figures supplied
by ASDEM. This corporation consists of 13 stockholders,

8 clerical workers, 30 people invclved in transport, and
about 300 factory laborers. 1In total, about 350 people
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are involved in the operations of this one firm. One may
calculate that, if ASDEM ships about 42 percent of the total
fresh mango exports, these 350 approximate 42 percent of the
total persons engaged by the firms. By this calculation,
apout 840 people are engaged by the 11 mango export firms.
To this sum, another 160 persons can conservatively be
added, representing those who work for the cardboard carton
manufacturers and those in the cottage industry provisioning
the firms' workers. This brings the total to about 1,000
people who are directly involved or involved in a subsidiary
way with the fresh mango export firms.

The number of intermediaries involved in the mango export
business is more difficult to estimate. For instance, ASDEM
contracts with only one fournise to supply their largest
market share, while some much smaller firms receive mangoes
from up to 15 such intermediaries. Using 7 as the estimated
mean number of fournise, one arrives at an estimated

77 fournise working with the 11 export firms (estimated mean
7 times 11 export firms equals 77 fournise). Given the
remoteness of many peasant landholdings, the lack of
interior roads, and the difficulty of the terrain, it is
also reasonable to assume that each fournise employs, on the
average, 10 ajan to collect the mangoes and bring them to a
central location. An estimated 77 fournise employing an
estimated 10 ajan each equals 770 estimated total ajan,
Finally, each of the 77 fournise would have to contract with
at least one team of truckers (the driver and one or two
helpers) to transport the mangoes from the rural areas to
the capital where the 11 export firms are. Each fournise
hiring a trucking team of two would equal 154, Given the
volume (11,000 metric tons) of fresh mango exports, a con-
servative estimate of the number of intermediaries involved
in fresh mango exports is about 1,000 including fournise,
ajan, and truckers. Both the internal .nd export markets
are characterized by large numbers of intermediaries. This
number of 1,000 roughly equa'ls the number of major middlemen
(speculateurs) alone in the coffee export industry (Girault,
1981).

Thus, an estimated 74,000 persons are directly involved with
the iresh mango export industry: 72,000 peasant producers,
1,000 intermediaries, and 1,000 managers and employees of

the export fiims. If anything, this estimate probably errs
on the conservative side. For instance, it has equated each
peasant household with only one peasant producer. 1In reality,
of course, the Naitian peasant hcusehold is a production

unit consisting of all its able-bodied mecmbers. If one takes
5 as the average number of persons per peasant household,

the estimated number of peasant producers affected by the
mango export industry becomes 360,000. This number equals
roughly 6 percent of the 5.5 million Haitian population.
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SEX RATIOS

There are also no reliable data on the sex ratios of the
population affected by fresh mango exportation. The only
data are those based on (1) observations of sex ratios
during visits to five of the 11 firms involved in mango
exports, (2) interviews with mango industry leaders, and
(3) what is generally known about sex ratios and gender
division of labor in Haiti.

First, observations and interview data suggest that there is
a male majority in the export firms. With few exceptions,
the managers and owners of the firms are men. Most laborers
observed were men but the smaller clerical staffs were most
often women. Women only predominated in the cottage industry
which provision the firms® employees. Interview data also
confirm what is generally known about the gender of export
crop intermediaries: As with other export crops, mangoes
are moved from producer to exporter by male intermediaries.
In terms of the peasant producers, there is little informa-
tion on the sex ratios of land ownership because of the lack
of a cadastral survey. Women do inherit and buy land in
Haiti, but probably not to the extent that men do (Plotkin,
1984) . Therefore, an unknown number of women are producers
of Francis mangoes. In those peasant households in which a
conjugal couple resides, as with other export crops, the man
probably sells the mangoes to the intermediaries. And, as
with other export crops, the proceeds become part of the
household's income.

POTENTIAL PROBLEMS Ibi 1'HE TRANSFER OF LOW~DOSE IRRADIATION

Potential problems in the transfer of low-dose irradiation
technology to Haiti can be divided into two categories.
These are:

1. Those that might arise because of social factors
internal to Haiti

2, Those that might arise because of social factors
external to Haiti

INTERNAL SOCIAL FACTORS

It is not anticipated that the construction of a low-dose
irradiation facility per se would substantially alter the
established behavior patterns of the groups involved in the
fresh mango industry. If such a facility is built, it is
anticipated that:

1. Peasants would continue to harvest Francis mangoes
to cell to intermediaries.
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2. Intermediaries would continue to transport and
resell these mangoes to the export firms.

3. Subsidiary industries would continue to service
the mango industry (e.g., cardboard carton firms)
and to provision the factory workers (e.qg., cooked
food and snack vendors).

4. The export firms would continue to prepare the
mangoes for shipment, primarily to the United
States.

Indeed, the only actors missing in this new social scenario
are the EDB fumigation chamber owners and workers who are
out of the picture in any event. The only new behavior
would be the transportation of the mango~s from the factories
to the irradiation facility. For small firms without
fumigation chambers, this would not even constitute a new
behavior. These firms would only be substituting the trans-
portation of their mangoes from a fumigation chamber to the
irradiation facility. All firms large and small, with or
without fumigation chambers, are organized to transport the
mango cases to the airport or wharf for shipment. Presuma-
bly, the logistics could he worked so that the stop at the
irradiation facility for treatment could be part of trip to
the transshipment point.

On the other hand, depending on who would own or manage the
low-dose radiation facility, there could be important
problems concerning 'access. Impartial access to any EDB
alternative is a critical issue for all groups involved in
fresh mango exports. One point explicit in all interviews
was that little trust exists in the mango export industry.
The larger firms mistrust one another and the smaller firms
mistrust them. For instance, the larger firms mistrust one
another as a result of the struggle to control the profitable
USDA fumigation contract. The smaller firms view the larger
ones with chambers with apprehension because of long waits
they have had to endure to fumigate their perishable mangoes.
All parties involved agree that if any one firm or associa-
tion is able to control the low-dose irradiation tacility,
they would drive the others out of business.

In addition to the existence of the individual export firms,
there are other important considerations regarding access to
the low-dose irradiator. A perennial debate in Haitian
studies concerns whether the marketing system for agriculture
produce is competitive. Much current debate revolves around
coffee, the export crop with the greatest market value for
Haiti. 1In many respects, the coffee marketing system
resembles that of export mangoes. Almost all coffee grown

in Haiti is grown by peasant producers who sell their crop

to intermediaries called speculateurs. In turn, the specu-
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lateurs sell the coffee they buy from the peasants to the
export firms, mainly in Port-au~Prince. Although some dis-
agreement exists about the degree of competition among the
intermediaries (e.g., Lundahl, 1983; Girault, 1981), the
general consensus is that there is little competition at the
level of the export firms. Not only has the number of export
firms remained constant throughout the years but, since 1960,
an association of these firms has controlled both coffee
prices and quotas. Many observers blame this monopolistic
export association for the decline in coffee production and
export levels. For instance, rather than receive insuffi-
cient returns for their coffee, peasants cut down their trees
to plant other, more profitable, crops.

In contrast to coffee, the fresh mangc export industry is
competitive. Undoubtedly, some firms have the edge both in
Haiti and in the United States. For example, the largest
export firms have established U.S. buyers who grant them
special concessions in terms of price and terms of payment,
and also supply them with packing boxes. These various ad-
vantages are reflected in the wide variety of prices per
case of mangues which were elicited: f.o.b. prices ranged
from $2 per case to $3.25 per case. However, despite their
lack of advantages, small firms with annual export volumes
as low as 37,000 cases remain part of the industry.
Moreover, new firms continue to enter the market and
competition exists among the firms for the Francis mango
crops of the seven major production areas.

One result of the relative competitiveness of the mango
export market is elevated prices for producers. As
mentioned above, peasant producers receive a better price
for export than for internally marketed mangoes: an average
of 42 cents per dozen for export mangoes as opposed to

16 cents per dozen for mangoes sold on the internal market.

In a related development, AGRICORP has initiated a program
with the AID-funded Gros Morne Rural Development Project,
which increases producers' profits even more. AGRICORP is
organizing peasants to harvest their own crops, collect

them, assemble them at a central point, and to contract for
the trucking. This scheme cuts out intermediaries, and the
profits that previously went to intermediaries now accrue to
the producer. Last year, 37,000 cases were exported by
AGRICORP as a result of this innovative arrangement. Instead
of the 30 to 50 cents per case cited above, producers received
a base 60 cents per case with opportunities for bonuses.

For example, producers receive an additional 5 cents per

case 1f they meet their quotas; another 5 cents per case if
they had less than 20 percent rejects; and yet another

15 cents per case if they have the larger number 8 or

10 mangoes.
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In a country with among the worst deforestation and erosion
problems in the world, another positive result of higher
returns to peasant producers is the incentive to plant or
not cut down Francis mango trees. For example, the AGRICORP
study in Gros Morne suggests that, despite the tendency of
Haitian peasants to diversify crops, 24 percent of the
Francis mango producers plant from 5 to 7 new trees each
year (AGRICORP, 1981:60). The significance of this trend is
apparent only in terms of the extent of erosion in this area:
2 percent of Gros Morne's surface area is classified as
"completely eroded" and another 43 percent is "very high
erosion risk." ASDEM distributes between 5,000 and 10,000
Francis mango seedlings annually and a AID-funded project,
SHEEPA, has planted over 49,000 seedlings in the Central
Plateau, one of the seven major mango producing areas.

Obviously, then, access to the low-dose irradiator will be a
matter of some importance. Whatever the financing and mana-
gerial arrangements, it is critical that all groups presently
involved and all new groups who wish to enter the industry
have access to the irradiator.

PUBLIC ACCEPTANCE OF AN IRRADIATION FACILITY

If a decision is made at the governmental level to license
it, public acceptance of an irradiation facility in Haiti
should not be a major issue. Not only is opposition to any
government resolution muted at best, but widespread public
concern for environmental issues has yet to develop. For
example, not one person interviewed during the course of
this study questioned the environmental impact of such a
facility on the country. If such concern does exist, it is
subordinated to that of concern for the EDB ban's impact on
Haiti, On the other hand, as discussed below, almost all
informants queried the U.S. consumer's acceptance of irradi-
ated mangoes.

Nevertheless, although negative reaction is not anticipated,
the Haitian public should be educated about irradiation in
general and food irradiation in particular. Since videos
and pamphlets on both topics already exist, these could
easily be dubbed or translated into French. After this, it
would be a simple matter to distribute such information to
the national television network and the various print media.

CONSUMER ACCEPTANCE OF IRRADIATED MANGOES

Consumer acceptance of irradiated mangoes would probably not
be an issue in Haiti. As it is presently done, fumigation
with EDB is the last step before exportation. Those mangoes
which are too small, too large, or otherwise imperfect
(e.g., bruised) are rejected prior to fumigation. 'Thus,
only unfumigated mangoes reenter the internal market after



export handling. Because of the similarity of costs in
handling and treatment, there is no reason to anticipate
that this system would change substantially because of irra-
diation. As at present, only nontreated mangoes would
circulate internally,

PROBLEMS DUE TO EXTERNAL SOCIAIL FACTORS

Several problems exist in the transfer of low-dose irradiation

that are due to social factors external to Haiti. The first
factor involves the long-range acceptability of low~dose
irradiation as a method to meet U.S. quarantine require-
ments. The second concerns American consumer acceptance of
mangoes and other produce that have been irradiated. These
are not factors over which either the Haitian government or
the mango industry has any control. BAs a result, feelings
of insecurity and resentment have been generated, detri-
mental to the aims of such a project and the maintenance of
positive Haitian and American commercial relationships.

Most informants expressed the opinion that -ow-dose irradia-
tion treatments may be the only way to save the fresh mango
export industry. Although exporters have banded together in
a rare display of mutual interest to conduct experiments
with thermal dip, few are optimistic about this approach,

It is hoped that thermal dip can be used to fill the need
during the period between the EDB ban's effective date and
the construction of a low-dose irradiator. Nevertheless,
these same informants are anxious about low-dose
irradiation.

Industry informants opine that U.S. Government acceptance of
low-dose irradiation could be as transient as that of EDB.
To their mind, the U.S. government is just as apt to change
its ruling in favor of low-dose irradiation. As one infor-
mant said:

"We were told EDB was necessary to meet quarantine
requirements so we built chambers. Now we are

told that EDB is no good so that investment goes down
the drain. Now the U.S. says we have to do something
else. Who is to say that in another 5 years or less,
they won't say the same thing again?"

The other major concern is American consumer acceptance of
low-dose irradiation. The majority of informants expressed
skepticism that the U.S. buyer will purchase treated
mangoes. The most disconcerting opinion is that the United
States will "use" Haiti to "experiment" with low-dose irra-
diation's acceptability. According to this reasoning, Haiti
is the most vulnerable country in terms of the EDB ban:; it
will have no choice but to agree to the construction of a
low-dose irradiation facility. If the experiment works and
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irradiated Haitian mangoes are acceptable to U.S. consumers,
the United States will then build more such facilities at
home and in other countries.

Little can be done to quell concern about how long-range the
Unites States' commitment is to low-dose irradiation. If,
for whatever reasons, the responsible U.S. agencies should
later rescind their anticipated rulings in favor of low-dose
irradiation, little or nothing could be done. Berfore a
project is undertaken, it should be spelled out that AID
would be unable to counteract subsequent rulings that would
be perhaps detrimental to Haitian interests. At least the
start of the project should be delayed until the FDA approval
is granted for food irradiation processing. However, some-
thing could be done to respond to concerns about consumer
acceptance. Before a low-dose irradiation project is under-
taken, market research should ascertain the acceptability of
treated mangoes and other produce. Will the West Indians,
Latinos, and buyers from other tropical areas, whom the
mango exporters consider their primary U.S. market, continue
to purchase treaced mangoes? Will young professionals,
health food advocates, and the diet conscious, whom others
consider important targets tor tropical fruits and vegeta-
bles, buy low-dose irradiated mangoes? Would treated fresh
mango exports maintain their present market share? Or,
given the worst scenario, would low-dose irradiation
treatments depress the mango market? Once marcet research
has answered these questions, the Haitian government, the
mango exporters, and other interested parties could make
informed decisions concerning the construction of a facil-
ity. Such questions can be answered in the United States
only by market research among American buyers. Answers to
these questions would counteract the prevailing opinion that
the United States is playing a cat-and-mouse game with the
Haitian mango industry. If no market research is done and
an erroneous decision is made, the result will be an
unavoidable strain on U.S.-Haitian relations.
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Appendix L
SOCIAL ANALYSIS FOR GUATEMALA

This appendix contains an analysis of the aspects of
Guatemalan society and culture that could affect the success
of introducing food irradiation technology in Guatemala.

The study team believes that Guatemala, with its great
variations of climates and crops, as well as its ethnic
diversity, can represent the rest of Central America in an
examination of the possible impact of this new and
potentially revolutionary technology.

This social analysis concerns itself primarily with the
possible effects of the technology on farmers and their
ability to share in the increased revenues and employment
engendered by its use. Issues of health, education,
training, and other related topics are addressed elsewhere
in this report. The study team does not believe that there
will be any negative social impacts on produce packers, ex-
porters, or shippers in either Guatemala or other parts of
the region.

A commercial irradiation facility operating in Guatemale
would have its principal epplication in the treatment of
fruit and vegetable crops tor export. Guatemala was largely
not affected by the EDB ban, with okra and small amounts of
mangoes being the only current export crops covered by the
ban. (Even in the case of okra, methyl bromide was already
being used instead of EDB.) Nu.vertheless, crop groups that
are currently produced in Guatemala and that could poten-
tially be treated with irradiation include a wide gamut of
mostly high-value warm and cool season crops, as well as
tree crops and cut flowers.

In Guatemala and elsewhere these crops are relatively
labor-intensive. They require closc, often unmechanized,
attention. As a resuit they are often grown on small acre-
ages tended by ever-increasing amounts of family labor.
These small farmers tend to be the least educated and most
isolated of agricultural producers, often having access

to only the least productive land. It is because of these
factors that this social analysis is being conducted. If
high-value agricultural exports are to be promoted, small
farmers will be involved in at least their production. Will
small farmers switch to these new crops? Will they be able
to meet the stringent quality standards demanded by
consumers in the importing nations? And, most importantly,
will they be able to share in the increased income generated
from these exports? These are the issues that provide the
context for the following analysis.



ANALYTICAL METHOD

The method used in the preparaticn of this analysis included
extensive interviews with members of the Guatemalan public
and private sectors, including small farmers, and interviews
with representatives of development agencies, including AID.
\n extensive document search was also conducted, both in
Guatemala and in the United States.

The analysis is divided into the following three sections:

o Existing Conditions

o} Project Effects and Risks

o) Opportunities to Strengthen Sociocultural
Feasibility

LXISTING CONDITIONS

KEGIONAL AND LOCAL VARIATIONS

Two distinctions are important in understanding the develop-
ment picture in Guatemala, that between Ladinos and Indians
and that between the Western and Eastern Highlands. The
distinction between Indians and Ladinos is primarily a cul-
tural and not a racial one. TIndians speak a nonHispanic
mother tongue and wear, especially the women, distinctive
clothing. Pai‘“icular family, social, and religiouse patterns
will be adhered to. Ladinos speak accent-free Spanish as
the sole language and generally engage in social and
religious patterns common to other areas of Latin America.
Indians that adopt these behavioral traits are considered
Ladinos (Casasco et al, 1982}).

While this comparison can ecasily be overdrawn, it does serve
to point out major differences between the two major cultural
groups in Cuatemala. The overriding historical and contem-
porary trend has heen the econcmic and political dominance

by Ladinos over Indians, a central factor in the violence of
the last several years and a .actor still importan% in shap-
ing current events.

The other comparison is geographic. The Western Highlands
rise steeply from the coastal lowlands to elevations between
3,500 and 8,000 feet. The climate is complex with ecologi-
cal and agricultural zones determined more by altitude than
by other factors. With little differences between seasons,
average temperatures range between 55° and 64°. Rainfall,
not temperature, determines the seasons, with the heaviest
rains falling between May and October. In addition to the
traditional staples ot corn, beans, and wheat, cool-season
fruits and vegetables are grown. The Highlands are composed
generally of the Departments of Chimaltenango, Solola,
Totonicapan and Quetzaltenango, San Marcos, Huehuetenango,
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the Verapazes, and Quiche. The population is about 20 per-

cent Ladino with the balance being Indians. Significantly,

most of AID development projects have been conducted in this
area. Virtually all the project development and evaluation

studies reviewed for this report have been conducted in the

Western Highlands.

By contrast, elevation in the Eastern Highlands is from
1,500 to 4,500 feet. The range in climate and vegetation is
from subtropical to tropical with sparse vegetation. The
Departments constituting the Eastern Highlands include E1l
Progreso, Zacapa, Jalapa, Jatiapa, and Chiquimula. Inter-
view data suggest that soils are generally poorer with
slightly larger but less productive farms. Historically, a
process of deforestation and desertification has occurred.
El Progreso, for example, used to be forests and is now
scrub and cactus. It is a drier area than the west and the
distribution of rainfall is even more sporadic; some towns
reportedly often run out of drinking water by the end of the
dry season. The area is mainly Ladino. While Western High-
land farms tend to be very small, the majority of them are
owned. However, in the east, farmer tenancy (rental, share-
cropping, or the colono system of land use by farm labor-
ers), accounting for 24 percerc of total farms (Hough et al,
1982}, is decidedly more prevalent. Warm season crops are
generally grown in this area and include melons, cantaloupes
tomatoes, peppers and eggplant. A number of public and pri-
vate irrigation projects in the last several years, among
them Motagua River Valley, have created pockets of high pro-
ductivity that have become involved in the prcduction of
export crops.

~

POPULATION ROWTH AND LAND UTILIZATION

Guatemala has a large, growing, rural population and a
limited arable land base. The annual growth rate for the
last three decades has been over 3 percent, which causes the
population to double every 23 years. The population rose
from 4.3 million in 1964 to 5.2 million in 1973, and was
projected at 7.5 million in 1981 (Hough et al, 1982).

Population pressures have consequently stressed the land's
ability to support rural dwellers and has led to increased
poverty in rural arcas. Considerations orf land use have
become paramount. One recent study indicated that

94 percent of the arable land in the country was being used
with only g¢mall variations between regions (BID, 1977).
While 34 percent of the 10.8 million hectares of all land
was in farms in 1950, by 1979 that figure had only risen to
39 percent (Hough et al, 1982).

Problems of land use are exacerbated by the inequality of
land distribution. One ccmmon measure for the concentration

L-3
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of land holdings is the Gini Index. The number of farms in
each farm size category is compared to the amount of land in
each category. With completely equal distrikution, the Gini
Index would be 0; the closer to the theoretical maximum of
100, the greater the concentration of land in larger farms.
Table L-1 below shows Gini Indexes for selected departments
in Guatemala as well as the national index. It shows that
the concentration of land ownership between 1964 and 1979 at
both the national and department levels has been increasing.
The table also indicates the greater concentration of land
in the Eastern Highlands. The Gini coefficients reported
here are the third highest in Latin America.

Table I.:'—l
LAND CONCENTRATION IN GUATEMALA: 1964 AND 1979
GINI INDEXES

___ Departments 1964 1979
National Index 82 85
Western lighlands
Chimaltenango 78 80
Solola 63 68
Totonicapan 61 62
Quetzaltenango 83 87
Regional Average 71 74
Eastern Highlands
El Progresso 78 82
Zacapa 83 : 87
Chiquimula 71 72
Jalapa 77 74
Regional Average 77 79
Source: Hough et al., 1982.

Of the 417,000 farms reported in the 1964 census, some
313,000 (75 percent) had less than 3.5 hectares and repre-
sented less than 12 percent of agricultural land. By con-
trast, 9,000 farms (2 percent of the total) occupied 63 per-
cent of agricultural land (BID, 1977). 1In 1979, 78 percent
of all farms had less than 3.5 hecltares, and 88 percent were
too small to provide for family needs (Hough et al., 1982).
As this process occurs, the wife becomes the major crop pro-
ducer while the husband takes advantage of seasonal work
opportunities elsewhere,

L e



Table L-2 shows the number and size of farms for the country
as a whole. It substantiates the skewed ownership pattern
indicated by the Gini coefficients. While statistical data
regarding size of farm holding by department were not avail-
able, interview data suggest that farms are somewhat smaller
in the Western Highlands than in the east.

Table L-2
LAND DISTRIBUTION IN GUATEMALA
(1979)
Size of Farm
Units NMumber Surface
(hectares) of Farms Percent (hectares) Percent

Less than (.69 250,918 49.2 60,871.1 1.5
0.69 to 6.99 196,654 38.5 608,083.2 14.5
7.00 to 45.00 49,137 5.6 774,974.3 18.4
45.01 to 902.00 13,158 2.6 1,793,618.6 42 .8
More than 902.00 477 _~O 1 955,921.,6 22.8
TOTAL 510,344 100.0 4,193,468.8 100.0

Notes: One hectare is equivalent to 2.47 acres. The first
two ferm unit categories are too small to support a
peasant family for a year. The middle unit is a
family-sized farm, and the last two units are large,
commercial farms that employ farm laborers.

Source: Davis and Hodson, 1982: 45.

Particular work routines and social organization result from
this pattern of ownership. The larger farmers always work
with paid labor and do not themselves work as laborers for
others. Mid-size farmers occasionally hire other laborers
and seldom work for others. The smallest farmers occasion-
ally work as farm laborers themselves but seldom hire others
for their own cultivation (Kusterer, 1981}).

The landless population in Guatemala is defined by Hough

et al. as "the proportion of the population which is in the
agricultuval labor force but does not own or manage land but
is employed in farming activities" (ibid:8). On that basis,
from preliminary 1980 census figures, this group was esti-
mated to number nearly 420,000. If those workers having
year-round jobs on large farms are excluded, the number is
reduced to nearly 310,000 economically active landless



workers in 1980. Even including settlement in the relatively
sparse northern areas, it is estimated that, at best,
Guatemala can only provide sufficient land for 64 percent of
its landless rural agricultural population, and at worst for
only 31 percent (ibid:15).

FACTORS AND CONSTRAINTS IN DEVELOPMENT

The coping mechanisms of people in response to the conditions
described above have taken a variety of forms, primarily
intensified land use (addressed below) , small-scale and art-
isan industry (not addressed here), and intermittent, sea-
sonal employment. Historically, the inadequacy of land
distribution and the consequent desire of rural people to
find employment elsewhere have created a high degree of
migration within Guatemala. Typically, this has involved
migration to the lowlands to take advantage of seasonal work
opportunities on large cotton, sugar, or coffee farms. The
rercentage of people moving out of their departments of birth
has remained between 12 and 15 percent between 1950 and 1973,
even though the total population has doubled (Arias, 1974) .
Within regions, the landless and the smallest of farmers
frequently will hire out their labor to larger operations on
a seasonal basis.

People have also attempted to cope with land pressure and
population growth through more intensive lanc use. Often,
overuse of land produces the results shown in Tuble L-3.

Table L-3
LAND USE AND LAND CAPABILITY
(Selected Departments, 1964)

Arable Land Land in Use
Departments (ha x 1,000) (ha x 1,000) Percentage
Western Highlands
Chimaltenango 33.6 47.0 141.0
Solola g.C 19.0 : 210.5
Totonicapan 13.6 14.0 103.5
Quetzaltenango 63.7 56.6 88.8
Eastern Highlands
El Progresso 7.3 14,2 194.6
Zacapa 45.2 . 19.8 43.8
Chiquimula 14.3 28,2 196.9
Jalapa 13.7 26.3 192.1
National Totals 2,875.8 993.5 34.5

Source: Jackson, 1984: 7.




Percentages greater than 100 reflect this degree of over-
use. The data in this table are 20 years old; population
pressures can only be assumed to have worsened the environ-
mental degradation implied by these figures.

SMALL FARMER MOTIVATION TO SHIFT PRODUCTION

The central question in this analysis is the ability and
willingness of small farmers to shift to high-volume export
crops that could then be processed through a food irradiator.
A second question is, what risks might farmers encounter in
raising such crops?

Both interview data and the literature support the notion of
the farmer as an economic decisionmaker. The traditional
view of the farmer as conservative and resistant to change
is not supported in Guatemala. Subsistence farming is asso-
ciated with poverty and farming families have quickly taken
advantage of perceived opportunities to bolster income.
Moreover, labor mobility is not desirable to the highlander;
family disruption and incidents of malaria in the lowlands
are two major reasons.

A recent social soundness study for the AID related to
promoting further growth in nontraditional exports describes
interviews that corroborate the market-related decisionmaking
of farmers (Jackson, 1984). These farmers made it clear

that a secure market and a price that would cover costs are
primary criteria in determining willingness to shift produc-
tion to new crops. Casasco et al. (1982) and Smith (1983)
support this interpretation.

The small farmer has held a competitive advantage over the
larger farmer in the production of nontraditional, labor-
intensive export crops. The small farming family can con-
tribute cost-saving labor while the larger farmer must
depend on hired labor. Consequently, the time and attention
needed to ensure the export quality of commodities are more
easily attained by the small farmer. It is possible that a
feeling of ownership over the crop is another important fac-
tor present with the small farms. For example, when ALCOSA
began expanding its operations after 1975, it turned first
to commercial farming entrepreneurs, many of whom had other
businesses in addition to farming. However, lacking experi-
ence in vegetable production, most were unable to meet
production potential or quality standards. 1In contrast, by
1980, 95 percznt of all cold weather crops purchased by
ALCOSA were produced by small farmers in the Highlands
(Kusterer, 1981).

Therefore, a rather strong case can be made that the Guate-

malan small farmer has been willing to shift production when
conditions are favorable. Small farmers, while willing,
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however, often are not able to take advantage of new tech-
nologies, crops, or market opportunities. Some of the rea-
sons for this situation are discussed below.

Subsistence requirements have been shown to be a significant
limitation in farmer motivation to shift to export produc-
tion. Corn and beans make up the traditional diet and are
valued for the protection of the family in the event of
adversity. 1In addition, the social and ritual significance
of corn for the indigenous population is well documented
(Borges, 1981). Farmers will produce nontraditional crops
only after their subsistence requirements are met. Thus,
the amount of land available to each family is a limiting
factor in potential export capability. This means that the
smallest and poorest of farmers will be the least able to
benefit from expanded market Capabilities,

The risks to small farmers have been shown to be high in
some cases. Occasional market gluts have led some farmers
to return to subsistence agriculture, relegating them to
poverty. Other farmers who have abandoned their cereal
Crops to grow export vegetables have experienced a poorer
diet because of the protein loss (Casasco et al., 1982).

Another tendency that can adversely uffect the small farmer
is that relatively better~off small farmers, mostly Ladinos
taking advantage of the new opportunities, can create specu-
lative land markets in which the smallest of the Indian far-
mers are attracted by short-term gains and sell their land
to become seasonal laborers. This effect, however, has not
been quantified so its significance is unknown.

One way in which small farmers have coped with their rela-
tively small market yields has been through the formation of
agricultural cooperatives. Presently, they are estimated to
number around 300 (AID, 1980) and have been a major vehicle
in Guatemala for the social organization of small farmers.

Cooperatives give their members technical advice, marketing
and pricing information, quality control assistance and, in
Some cases, credit. They can also serve as a buffer for
farmers when market conditions change. Nevertheless, the
failure rate of cooperatives in Guatemala has been compared
to that of small businesses in the U.S.

AGRICULTURAL . 'EDIT

Lack of credit 1) the small farmer has been an obstacle in
the production oi export crops in the past as well as now
(Harrison, 1984). Recently, an AID team analyzed the impacts
of credit on income, employment, and food production, based
on data gathered by the Government of Guatemala from 1,600
farms. One-half received technical assistance and credit



from BANDESA while one~half was a control group. Table L-4
indicates that the smaller farms with credit had higher
output than larger farms. The explanation was that credit
used on small farms was used for high-risk crops (vegeta-
bles, flowers); the larger farms grew similar crops as
before credit was provided but more intensively and with

Table L-4
CREDIT IMPACT ON OUTPUT BY FARM SIZE AND REGION
(Percentage Superiority of Value of Outputs on Credit Farms)

Central Southeast Northeast
Farm Size Highlands Highlands Highlands
(hectares) (percent) (percent) (percent)
0-1 112 94 255
1-3 54 39 61
3-5 99 17 -3
5-10 -3 22 88
10+ ~-23 5 41
Source: Daines, 1975.

lower returns. The importance of using credit to help in-
duce shifts in crop composition was demonstrated. The study
concludes that it is not the inefficiency but the size of
the farm that is most responsible for poverty. Increased
food production and increased small farmer net income were
not considered to be conflicting policy goals.

THE RECENT VIOLENCE

It is impossible to fully analyze the development situation
in Guatemala without taking into consideration the political
violence of the last several years. The intent here is to
merely outline its major features and its implicaticns for
the feasibility of the proposed expansion of nontraditional
export crops.

The use of political violence as national policy, while not
unique to Guatemala, has been exercised there fo, some time.
Lernoux (1980) relates periodic waves of terror that left
8,000 dead between 1966 and 1968, and 7,000 in 1970. Since
1954, it has been estimated that between 50,600 and

80,000 people were killed (Melville, 1983). Another wave of
violence occurred between 1978 and 1982; Amnesty Internation-
al (1982) reported 2,600 "extrajudicial executions" between
July 1 and December 31, 1981,

The principal targets of this repression have overwhelmingly
been civilian, ‘peasant Indians in the countryside of both
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sexes and all ages (Cultural Survival Inc., 1983; Amnesty
International, 1982,1983; Davis and Hodsen, 1982). 1In addi-
tion, members of particular groups have been targeted, espe-
cially the Catholic Church, the trade union movement, and
the rural cooperative movement.

Part of the explanation for this pattern of repression lies
in the inegquitable distribution of land documented in other
parts of this report. The resulting poverty and lack of
access to health and educational opportunities led the
Church, for example, to take an increasingly radical posi-
tion favoring reforms in land and economic policies. A fur~
ther motivation is revealed in the aftermath of the 1976
earthquake, which left 27,000 people dead, 77,000 injured, a
million people homeless, and 20 percent of homes in Guate-
mala destroyed. The efforts of reconstruction pointed to
the growing power of the trade unions and agricultural
cooperatives who began calling for greater popular partici-
pation in national reconstruction efforts.

Guatemala had one of the fastest growing rural cooperative
movements in Latin America by the mid-1970s. The AID
studies indicated that 510 cooperatives were formed by Lhis
time with a membership of over 132,000. Two weeks after the
earthquake, a counter-insurgency program began that left

168 leaders of these cooperatives in several departments
dead by year's end. The ability of these movements to mobil-
ize people and resources apparently indicated a possible
threat to existing authority (Davis and Hodsen, 1982). A
major conclusion of this study is that the larger aim of
this program was not to control guerrilla insurgency but to
suppress a rural development movement that was becoming
capable of transforming existing economic and political
relationships in Guatemala.

Following Davis and Hodsen, four social consequences of
political violence have resulted:

1. Debilitating effects on the rural economy in terms
of food production, labcr migration, tourism and
commerce

2. Signiticant reduction of educational and health-

care programs in the highlands

3. Breakdown of local religious and family institu-
tions

4, Massive displacement
A recent report by the Roman Catholic bishops states that up

to one million people have been displaced because of rural
upheaval, 200,000 of them estimated to have gone into neigh-



boring countries. The major movements have been to Guate-
mala City, with massive housing ard poverty problems, to
Chiapas and other areas of Mexico, and to the U.S. (ibid:?26).
Clay (1984) estimates that 100,000 Guatemalan refugees are
now along the Mexican border, causing a unique set of prob-
lems there. Despite an official i1epatriation program by the
Guatemalan government and pressures from the Mexican govern-
ment, as of August, 1984, fewer than 200 Guatemalans had
chosen to return home (MacDonald and O'Bryan, 1984).

With regard to effects on the rural economy,

"The recent violence has debilitated an agrarian econ-
omy that was always on the verge of crisis. People are
afraid to plant their fields, for fear of being accused
of supplying the guerrillas; fertilizers are in sho:-t
supply; women must handle production alone because men
must go into hiding; productive lands have been burned
and bombed. There has also been a decrease in the
trading activities in the highlands. 'The transporta-
tion system has been disrupted, and people are afraid
to travel. The once flourishing textile and craft
industries have come to a halt with the drastic reduc-
tion in tourism" (Davis and Hodson, 1982:19),

In a fact-finding mission for the Inter-American Foundation
concluded in November 1984, the authors report:

"The war has profoundly changed rural Guatemala. In
many villages, peasants were unable to harvest crops
for 2 consecutive years, resulting in serious malnutri-
tion and even starvation. Entire villages have been
destroyed. Again and again, we learned of communities
that have just begun to rebuild, physically and soci-
ally, after the scorched earth policies employed to
eliminate bases of support for the insurgents.

"One particularly devastating legacy of the conflict
has been the decimation of a generation of rural commu-
nity leaders. The network of local comites, the ser-
vice delivery infrastructure on which development orga-
nizations relied for the implementation of grassroots
development activities, has been destroyed in many
parts of the country, particularly in the highlands.
Nowaaays, anyone would think twice before announcing,
'"Ho soy lider'" (Sogge et al, 1984:4).

Another feature reported is the military control of rural

development efforts. Any activity, especially in the high-
lands, must have at least the tacit approval of a number of
military personnel. Capricious changes may occur when, for

example, "the assignment of a new local army commander results
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in sudden changes in the ability of field workers and village
committees to operate safely" (ibid:5).

Sources have indicated that the violence peaked in 1982 and
that some semblance of "normalcy" has since been returning
to Guatemala. Still, reports indicate continued use of po-
litical violence (Amnesty International, 1983; Garcia, 1984).
The question remains as to the degree that these conditions
will affect the feasibility and long-term stability and
productivity of a possible project.

PROJECT EFFECTS AND RISKS

The following groups are likely to be affected by this project:

1. Landless laborers would benefit from exXxpanded
export production through employment opportunities
and secondary economic growth. Most fruits and
vegetables are labor-intensive and previous eval-
uation stucies have reported that increased pro-
duction serves to employ the un- and underemployed.
Local employment also is preferred by workers to
the migratory employment of the lowlands for rea-
sons stated earlier. These same studies have also
revealed that secondary economic growth has fol-
lowed increases in farmer income. Presumably, new
opportunities for small crafts or busir=sses would
develop. '

2. Subsistence farms could become more vulnerable as
a result of this project. It has been pointed out
that most farmers are willing to shift to export
production if their subsistence needs -~re met.
This means that the smallest farmers will be
unable to take advantage of ne- export opportuni-
ties presented by food irradiation. At the same
time, it has also been shown that increased proi-
itability in agriculture has at times stiaulated
land prices and resulted in a reduction in the
number of small farms.

3. It has already been pointed out that small farmers
have been more able than larger farmers to compete
in the production of the labov-intensive crops.
Given that the vast majority of rural peonle are
small farmers, they are likely to be the majority
of beneficiaries from expanded export markets as a
result of food irradiation technology. Small
farmers who have access to irrigation could be
expected to benefit even more.

4. Larger farmers may benefit as well. Some crops,
like mangoes and citrus, are more economically



feasible on larger farms because they are
capital-intensive. Export potential of these
crops could expand using irradiation technology.

The relative risks for the groups affected by +his project
have a bearing on understanding potential beneficiaries.

For the business groups with a stake in this decision, their
issues relate to their businesses. The issues for consumers
involve quality, wholesumeness, and cost of the product.

For the majority of the farmers and rural workers analyzed
in this chapter, the issue is survival.

The development projects of the last several years, as well
as the unassisted efforts of individuals and communities,
have resulted in appreciably better conditions. 1In large
part, the ability and willingness of people to shift to
export production has been a key for economic advancement.
These same opportunities are fraught with risks, made more
serious by the narrow "margin of error" for most rural peo-
ple. The gains made in the last several years, while sig-
nificant, have not widely shifted this margin nor have they
been widespread enough to remove the presence of privation
and hunger. Hence, efforts to make production credit avail-
able have made it possible for small farmers to respond to -
new opportunities and increase family income; credit also
has increased family debts and even led to farms peing lost
to creditors.

We have seen in the areas studied that farmers have been
quite willing and able to shift production under certain
conditions. While the potential effects of this project may
be viewed as quite positive, important qualifications are
necessary. First, since all the reported data relate to the
Western Highlands, can the same relationships be presumed to
hold in the Eastern Highlands where the landless class is
much larger? While most direct benefits would accrue to the
larger farmers in this area, landless workers would benefit
by increased employment opportunities and presumably by
increased ability tc accumulate surplus and enter into own-
ership situations. However, the possibility has been dis-
cussed that tenant farmers could become more vulnerable and
possibly experience displacement. Since data are lacking
for the Eastern Highlands, this aspect should be investigated
more tnoroughly.

Second, with the literature and interview data supporting
the trend toward smaller farms, what of the minimum subsis-
tence requirements beyond which farmers are unwilling to
respond to export production? In other words, since it is
true that farmers will not give up subsistence requirements
and farms are getting smaller, an upper limit must presum-
ably exist for the export market, This limit has not been
determined.
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Third, while literature regarding the domestic food market
in Guatemala was not available to the team, interview data
suggest that there are numerous problems that conceivably
could be exacerbated by an expanded export market. For
example, if disparate prices between the domestic and export
markets are accentuated, will shortages be created within
Guatemala?

OPPORTUNITIES TO STRENGTHEN SOCIOCULTURAL FEASIBILITY

Potential negative effects or risks, can be mitigated, at
least partially, by the manner in which the project is
designed and implemented. Similarly, the equitable dis-
tribution of bcnefits can be enhanced. The legal gquidelines
of the DGEN, which would have regulatory authority in this
project, state that the benefits of nuclear energy programs
should be diffused equally in order that development unite
the country (DGEN, 1983:i). The goal of equitable distribu-
tion of benefits is consistent also with AID guidelines.
Given this direction and previous research and evaluation
efforts which have revealed existing obstacles to develop-
ment, the following points need to be explored in an attempt
to strengthen the sociocultural feasibility of expanded
nontraditional exports through food irradiation.

1. Education/Consultation. Farmers need information
on appropriate production strategies and technol-
0gy in order to compete etfectively (Harrison,
1984) . Many times, iniormation does not reach
potential beneficiaries. It was assumed that a
number of research reports by ICAITI, for example,
would be disseminated to producers through the
agricultural extension agents of DIGESA. This,
however, did not occur. Harrison recommends spe-
cific dissemination programs with evaluations to
Measure performance. Also, farmers in the past
have not understood quality control standards for
export crops and have consequently made costly and
unnecessary mistakes.

Farmers need to know what Crops are potentially
exportable, with appropriate technical assistance
to ensure success. 1In addition, any changes in
tarming procedures or packaging requirements with
irradiation techrnology need to be communic-ted to
farmers in time.

[\
.

Marketing and export capabilities. As discussed
above, it is a clearly expressed desire of farmers
and cooperatives to learn more about marketing
requirements. After the ALCOSA crisis, farmers in
Chimachoy organized a rural grapevine for market
information (Kusterer, 1581). Several coopera-
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tives in the last few years have begun to export
directly. While this capability is beyond that of
the majority of farmers who are still at the sub-
sistence level, it is an emerging trend which will
become stronger if production capabilities are
expanded through food irradiation.

The AID/Guatemala is now beginning an Agribusiness
Development Project, one component of which is to
fund private sector development of a computerized
marketing information system. The recipient, the
Gremial de Exportadores de Productors No Tradi-
cionales, is composed of over 70 Guatemalan com-
panies that process, pack, or export agricultural
commodities. Once this information system is in
place, information is to be made available to
DIGESA extension agents for dissemination to farm-
ers and cooperatives.

However, as cooperatives move into direct export-
ing, competition with other exporters is to be
expected, creating an inherent conflict between
the members of the Gremial and the farm coopera-
tives. Bottlenecks in the export market or
inequal distribution of benefits because of privi-
leged information could be the results.

Credit assistance. Continued credit assistance is
important for long-term expansion of export pro-
duction. Efforts might be developed and imple-
mented to spread out the risk along the production
chain so that undue burden is not placed on the
small farmer. Jackson (1964) recommends that,
rather than utilizing traditional production
credit through BANDESA, processor/exporter credit
tied to a market contract be utilized instead to
accomplish this goal.

Cooperative formation. Direct attempts to facili-
tate the formation of agricultural cooperatives
could be undertaken. Cooperatives, despite their
Fotential shortcomings, have beer an appropriate
vehicle for farmers attempting to meet the sur-
vival needs of their families through education
and diversified cultivation.

Employment/migration impacts. A number of studies
(Smith, 1983; Casasco, 1982; and Jackson, 1984)
have cited the growing interest in the fact that
increased small farm employment may be affecting
seasonal and migratory employment patterns in the
lowlands. Landless workers find preferred employ-
ment closer to home in the highlands because of

U



the labor-intensified export production. As this
occurs, the large lowland farms experience labor
shortages, bidding up the price of labor. Expan-
ded export production made possible by food irra-
diation could stimulate further changes.

Feasibility for domestic food irradiation. 1In
addition to export potential, a further advantage
could conceivably be realized by this project in
the domeslic market. The delay of senescence and
the treatment of pork- and beef-related parasite
problems could contribute to improving the quality
and quantity of domestic consumption. Guatemala
City and its urbanized environs serve as a funnel
for meat, vegetable, and fruit commodities from
the countryside. Assuming that plant siting and
additional transportation and cost logistics could
be worked out, it is possible that economies of
scale could be served by combining export and
domestic food treatment.
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Appendix M
PERSONS CONTACTED IN THE CARIBBEAN NATIONS

CONTACTS IN GUATEMALA

GOVERNMENT OF GUATEMALA

Ministry of Energy, Mines, and Hydrocarbons

Sigfrido Alejandro Contreras Bonilla, Minister

Eduardo Pineda Gonzalez, Director General of Nuclear Energy
Carlos Villagran, Assistant Director General

Juan Filipe, Head of Agricultural Department

Ministry of Agriculture

Roberto Dysli, Deputy Minister of Agriculture

Astalfo Fumagalli, Deputy Director, Agricultural Science and
Technology Institute, (ICTa)

Horacio Juarez, Technical Director, (DIGESA)

Carlos de Leon Prera, Director General for Agricultural Ser-
vices, (DIGESA)

Jorge Escobedo Anibel, Director Plant Protection, (DIGESA)

Luis Humberto Diaz, Technical Director, Livestock Sanitary
Inspection, (DIGESA)

Carlos Speigeler, Agronomist, Agricultural Development Bank,
(BANDESA)

Hector Reyes, Instituto Nacional de Cooperativas, (INACOP)
Hector Murga, Ingeniero Agronimo Jefe Division Sector Pri-
mario, Instituto Tecnico de Capacitacion y Productividad,
(INTECAP)

Private Sector

Fanny de Estrada, General Manager, Non-Traditional Exporters
Guild

Gloria Elena Polanco, Manager, Frutesa
Carlos Jiron Sandoval, Guild Member
Gary Smith, Guild Member

Enrique Arenas, Cardamom Grower



Rudin Rene Gonzalez Leiva, Statistics Department, Guatemalan
Chamber of Construction

Bruce Michener, Marketing, Costa Caribe
Jorge Benitez, Manager, Viveros Carchi
Dario Villatoro, Manager, ZIMACO

Lucrecia Alvarado, Gato Gordo Exports
Linda Asturias de Barrios, Anthropologist
Mario Vasquez

Regional and International Organizations

Francisco Aquire, Director General, Central American Insti-
tute for Research and Industrial Technology (ICAITI)

Fernando Mazariegos, Head, Analysis, Testing and Trials
Division, ICAITI

Sandra Smith, ICAITI
Oscar Maldonaldo, ICAITI
Leon Cooper, ICAITI

Mario Molina, Food Technologist, Nutrition Institute for
Central America and Panama (INCAP)

Thomas Mooney, Director/Guatemala, Latin American Agribusi-
ness Development Corporation (LAAD)

Freddy Christians, Coordinator, Export Program, Interamerican
Development Bank

Clive Woodham, Animal Health, Interamerican Development Bank

Donald Linquist, Director, FAO/International Atomic Energy
Agency Joint Project on Insect Pest Control

Robert Riade. FAO/IAER Joint Project

U.S. AID

Guatemala Mission

Charles Costello, Director

Harry Wing, Rural Development Officer

George Like, Assistant Rural Development Officer
Lawrence "Doc" Odle, Program Officer



Joseph Kelly, Education Office
V. Dardon, Engineering Office

RCCAP

John R. Eyre, Director

David Chavez, Enerqgy Officer

Nancy Fong, Assistant Agricultural Officer
Elena Brennerman, Health and Nutrition Officer

U.S. EMBASSY

Robert Anlauf, Agricultural Attache

USDA

Leland White, Area Director, APHIS

Gary Smith, Agricultural Economist Crop Diversification
Project

G. Greg Rohwer, Assistant Deputy Director for International
Programs, APHIS

Edward F. Knipling, Former Director, Entomology Research
Division

U.S. PEACE CORPS

Howard Lyons, Deputy Director
Dwight Carter, Volunteer
Kevin Gartner, Volunteer

GUATEMALAN AGRICULTURAL COOPERATIVES

Conacaste, Sanarate, El Progreso

CARSVO, Teculutan, Zacapa, Manager, Edgar Eduardo Chavez
Rossal

CONTACTS IN HAITI

GOVERNMENT OF HAITI

Frantz Flambert, Minister of Agriculture, Natural Resources
and Rural Development (MARNDR)

Julio Barthelemy, Head, Plant Protection Service (MARNDR)
Wilner Pierre Louis, Banque Credit Agriccle (BCA/MARNDR)

Wilner Dessources, Fonds de Developpment Industrial (FDI)
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INTERNATIONAL ORGANIZATIONS

Percy Aitken-Soux, Director, Interamerican Institute for
Agricultural Cooperation (IICA)

Robert Clancy, Executive Director, Haitian Development
Foundation (FHD)

PRIVATE SECTOR

Gilbert Denis, Representative, Caribe Crown

Gunner Klett, Export Manager, Conserverie Nationale S.A.
(CONASA)

Jean Reimers, Director, BRIMPEX
Marc Ashton, Director, Haiti Citrus
Harald Bussenius, Director, Citrus Products, S.A.

Raoul Liautaud, Director, Association des Exportateurs de
Mangues d'Haiti, S.A. (ASDEM)

Ken Canyon, Haitian American Meat & Provision Co., S.A.
(HAMPCO)

Marcel Duret, Director, AGRICORP

Paul Fils-Aime, Director, Asscciation des Exportateurs de
Fruit (ASDEF)

Eric Pape, Manager, McGregor Sportswear

Maxime Conde, Manager, Rawlings

Ely Honore, Director, Seventh Day Adventist Hospital
Frantz Pilorge, Manager, Confection d'Haiti

Claude Levy, Execu*ive Director, Association des Industries
d'Haiti (ADIH)

Charles Clairmont, Societe Financiere Haitien de Develope-
ment (SOFHDES)

U.S. MISSION

Abdul Wahab, Assistant, Chief Agricultural Development
Office (USAID)

Aubrey Hooks, Economics/Commercial Attache, U.S. Embassy



Vincent Cusumano, Chief, Agricultural Development Office
(USAID)

Jerry French, Director (USAID)
Tony Interlandi, Commercial Attache, U.S. Embassy

Jim Berezin, Deputy Director for Private Enterprise,
(USAID)

Jim Walker, Chief Office of Economic Analysis (USAID)
Gilbert Chenet, Engineer (USAID)

Muriel Jolivert, Civil Engineer, Eng (USAID)

Gus Menager, Senior Agricultural Advisor, ADO (USAID)

CONTACTS IN TRINIDAD

Samsurdan Parasram, Executive Director
Sinclair Ford, Director of Research, CARDI, Caribbean Agri-
cultural and Research Institute

Chelston Brathwaite, Director, ITCA, In*teramerican Iustitute
for Cooperation in Agriculture

Cline Pemberton, Professor Agricultural Economics, University
of West Indies

CONTACTS IN BARBADOS

Fonald Borrow, Ministry of Agriculture, Plant Pathology/
Entomology, Bridgetown, Barbados, West Indies

Mike Maxey, Agricultural Office, Regional Development,
Office: Caribbean USAID, "Nicholas House" Broad St., P. 0.
Box 302, Bridgetown, Barbados, West Indies

Stephen A. Szadek, Assistant Agricultural Development,
Office: USAID Mission, P. 0. Box 302, American Embassy,
Bridgetown, Barbados, West Indies

David Jessee, Agricultural Economist, U.S. AID Mission

Ambrosio Ortega, U.S. AID Mission



