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Abstract

The setting up of a cobalt-60 (activity 500 kCi) irradiation facility in the highest populated region of Senegal
(Dakar district) to treat a wide range of foodstuffs for local consumption (millet/sorghum, rice, maize, cowpeas,
potatoes, onions, mangoes, citrus fruits and dried fishes) is considered as profitable for a private investor or a
Senegalese food producer (or trader), provided the tonnage of foodstuffs treated is adequate, more than
22,000 t-kGy, i.e. a total tonnage above 77,000 t, taking into account the irradiation doses used for the various
foodstuffs.

1. INTRODUCTION

The safety and versatility of food irradiation, which is increasingly recognized as an
effective method for reducing post-harvest food losses and improving the hygienic quality in
foodstuffs, have been well-characterized in the literature [1-3]. In spite of the potential
benefits, progress of irradiation technology for practical applications has been slower than
expected in developed countries. The "wait and see" attitude of the industry towards
investment in this technology can be due to the anticipated rejection of this process by the
consumer, for psychological reasons and the fact that a number of other food preservation
techniques that are often more expensive but less controversial than irradiation are available in
these countries.

The situation in the developing countries, especially in Africa, is very different.
Traditional methods for food preservation (sun drying, smoke, fire, etc.) are totally
inadequate, especially for extended conservation. Control of post-harvest losses due to insect
infestation and sprouting can be partially achieved through chemical insecticides and
fumigants, but this has the problem of environmental pollution and associated risks. The
modern methods of preservation employed in the developed countries (freezing,
lyophilization, storage in a controlled atmosphere) cannot be used in Africa for economic
reasons, even though the climatic conditions are such that the problems linked to food
preservation are more critical than those encountered in countries with temperate climates. As
a result, a large proportion of foodstuffs harvested in Africa is lost due to pest infestation,
rotting or sprouting. This is unacceptable, since Africa's population growth rate has steadily
increased to a current level of 3%.

According to the IAEA [4], the use of ionizing radiation seems promising for reducing
the serious post-harvest loss problems of many African countries. However, these countries
differ significantly in their population density and distribution, their surface area,
communication network, climate and food production, both qualitatively and quantitatively.
The economic feasibility for the setting up of an irradiation plant would obviously vary from
one country to another. The aim of this study was to determine if such an industrial project
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could be beneficial to Senegal, a relatively sparsely populated (eight million inhabitants for a
surface area of 200,000 km2) country with a high population density in and around the capital
Dakar and with a modest food production. This consists mainly of groundnuts (800,000 t-a"1

average), cereals (rice, millet, sorghum, maize) (936,000 t-a"1 average), fish and shellfish
production (355,000 t in 1990), meat production (cattle, sheep, caprids and poultry) and, to a
lesser extent, cowpeas, potatoes, onions, cassava and various fruits (e.g. mangoes, citrus and
tomatoes).

2. FOODSTUFFS PROPOSED FOR AN IONIZING RADIATION TREATMENT

The list of foodstuffs for which an ionizing treatment could be envisaged in Senegal is
shown in Table I. For each foodstuff the following indications are given: production tonnage,
purpose of the ionizing treatment and the recommended doses to attain these objectives.

Groundnuts are not included in this list since the ionizing treatment of this leguminous
plant does not prevent the production of aflatoxins, nor eliminate these mycotoxins which are
mainly produced by the mould Aspergillus flavus. According to Bridges et al. [5], the
destruction of this mould takes place at a dose of 3 kGy. However, in order to prevent the
production of aflatoxins, the ionizing treatment must be performed immediately after the
harvest, which is not possible in practice. Once formed, the aflatoxins can resist very high
doses of irradiation [6], much higher than the authorized maximum value (10 kGy) for the
treatment of the foodstuffs destined for human consumption and in any case incompatible
with the conservation of the organoleptic characteristics of the foodstuffs.

TABLE I. Foodstuffs for which an ionizing radiation treatment can be considered in Senegal

Foodstuffs

Millet/sorghum

Rice

Maize

Cowpeas

Potatoes

Onions

Mangoes

Citrus fruits

Dried fishes

Production00 (t-a"1)

651,000

164,000

121,000

20,000

18,800

31,800

60,700

26,500

36,500

Purpose

Disinfestation

Disinfestation

Disinfestation

Sprout inhibition

Sprout inhibition

Sprout inhibition

Inhibition of ripening

Inhibition of ripening

Disinfestation

Dose
(kGy)

0.25

0.25

0.25

0.10

0.10

0.10

0.75

0.50

0.50

<a) Average value over 5 a (1988-1993). Standard deviation in brackets (Source: Senegalese Agriculture and
Fishery Departments).
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No fresh foodstuff of animal origin is listed in Table I. As far as meat is concerned, it
is usually consumed immediately after slaughter of the animal. In fact very often, the cattle,
sheep, caprids and poultry are bought live by the Senegalese. The eating habits of the
Senegalese are such that meat treated by irradiation cannot be envisaged at present, nor can
fresh shellfish and fish which are consumed soon after having been caught.

The consumption of fresh fish is, however, limited to the coastal regions. Further
inland, where this foodstuff is usually eaten dried and smoked and because it is susceptible to
a high contamination by insects, a disinfestation treatment by irradiation could be useful.
Owing to the fact that some interesting works have been published concerning the irradiation
of this particular foodstuff [7], it has been considered judicious to include it in the present
study.

A significant part of the fish and shellfish production (about 30%) is actually exported
in the frozen state to the developed countries, mainly European. Therefore it could be
envisaged to carry out an ionizing treatment (instead of freezing) on a part of this production.
However, because of the current reticence of several European countries to accept food
irradiation, it seemed more reasonable in this feasibility study not to take into account fresh
fish, shellfish, and in general all foodstuffs destined for export.

Two foodstuffs of plant origin, of which the production in Senegal is not insignificant,
the cassava (60,000 t-a"1) and the tomato (17,000 t-a"1) have not been included, hi the case of
the cassava, an ionizing treatment could be envisaged in the fresh state in order to retard the
senescence and in the dry state to carry out disinfestation. The reason for this rejection is
mainly the absence of any technical study on this foodstuff. As far as the tomato is concerned,
the interest of an ionizing treatment for increasing its shelf life is not obvious, hi fact, the
tomato is cultivated in Senegal mainly to produce pulp concentrate. The industrial plants are
situated near the production sites, but in a region of relatively low population, a priori, far
from the eventual construction site of the irradiation facility. Such a treatment would therefore
not be of interest either economically (high transport costs) or qualitatively (risk of
deterioration during transport).

Finally, the foodstuffs shown in Table I are mainly foodstuffs of plant origin (only one,
dried fish, is of animal origin), produced and consumed exclusively in Senegal, on which the
effects of an ionizing radiation treatment are well known and certainly beneficial.

3. CHOICE OF IRRADIATION TECHNIQUE — LOCATION AND SIZING OF
IRRADIATION FACILITY

The choice between the two industrially used irradiation techniques [accelerated
electrons and gamma rays (cobalt-60)] depends mainly on the nature of the foodstuffs to be
treated and the physical characteristics of the technique used (dose rate, penetration depth). In
the present study where varied foodstuffs of different forms and densities will be irradiated
(usually at low doses), gamma irradiation with cobalt-60 should be preferred to irradiation by
accelerated electrons. Additionally, a cobalt-60 treatment unit is more energy economic, more
robust, less demanding in terms of qualified maintenance personnel and less dependant on the
quality of the electrical supply, compared to an electron beam accelerator.

The installation of such a unit can only be envisaged in a very highly populated area,
capable of consuming the total amount of foodstuffs treated, in order to reduce the additional
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transport cost incurred by the ionizing radiation treatment to a minimum. In fact, on this
assumption it is quite admissible to consider that these foodstuffs would in any case have been
transported from their region of production to this region of high consumption. This unit
should therefore be set up near to the capital, Dakar, which, together with its urban districts,
totals nearly two million inhabitants, hi order to support this choice, it is equally important to
note that more than half the quantity of foodstuffs retained in this project would then be
produced at less than 150 km from the chosen site.

The choice of irradiation source activity obviously depends on the annual quantity of
foodstuffs available to be irradiated. The hourly throughput HT (in t-kGyh"1) can be expressed
in relation to the activity of the irradiation source by the equation:

HT = 0.0533 x fx A (1)

Where, A is the source activity (in kCi) and f the cobalt utilization efficiency. According to
Kunstadt and Steeves [8], f, which depends on the apparent density of the foodstuffs
irradiated, varies between 0.25 and 0.40 for a pallet carrier (system retained for the project,
see below). Assuming that the mean value of f is 0.30 for foodstuffs listed in Table I and that
the number of treatment hours is 625 per month (about 20 hours per day), the monthly
throughput MT (expressed in t-kGy month'1) will be given by the formula:

M T = 1 0 0 0 x n (2)

Where, n represents the number of kCi, in hundreds, of the irradiation source. Assuming that
the annual treatment period is 11 months (the 12th month being necessary for maintenance of
the irradiation unit), the annual throughput AT (expressed in t-kGya"1) will therefore be:

AT = 11,000 x n (3)

hi the case of an irradiation unit intended to treat mainly varied foodstuffs of plant
origin, the production of which is seasonal and the treatment needs to be carried out just after
the harvest (a storage time less than 1 month has been used in this study), the choice of the
activity of the irradiation source (and therefore n) must also take into account the diversity in
the production periods of the foodstuffs treated. Knowing the production tonnage and the
irradiation doses used (Table I) for each foodstuff, periods of production and ionizing
treatments (Table II) clearly show that high tonnages of foodstuffs (cereals, cowpeas and dried
fishes) should be treated between October and December. Considering that the monthly
production of these foodstuffs is around 322,000 t (312,000 t of cereals, 7,000 t of cowpeas
and 3,000 t of dried fishes) and that the irradiation dose chosen are 0.25 kGy for cereals, 0.10
kGy for cowpeas and 0.50 kGy for dried fishes, the maximum percentage of the production
that is possible to treat monthly is given by the ratio n/ 80 (it has been assumed that the
monthly production of a foodstuff remains constant during all the months of its production). It
is therefore 1.25% for an activity of 100 kCi, 3.75% for an activity of 300 kCi, and 6.25% for
an activity of 500 kCi. During the nine remaining months of the year, the production tonnage
of the other foodstuffs suitable to be treated is much lower (about 170,000 t). It would
therefore be difficult, except with a source of 100 kCi, to achieve a very satisfactory
utilization of the unit throughout the year. As an example, Fig. 1 shows the monthly
utilization rates of this unit obtained with irradiation sources of 100, 300 and 500 kCi, with
the assumption that 10% of the total production of each foodstuff (or failing that, the
maximum percentage) is irradiated [taking into account the monthly throughput of the
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irradiation plant, the maximum percentage is less than 10% for cereals, cowpeas and dried
fishes (from October to December), whatever the activity of the source maybe, and for
mangoes, dried fishes (from June to September), potatoes and onions (from June to August)
when the activity of the irradiation source is 100 kCi]. The annual utilization rates (calculated
for 11 months) are then 85% (100 kCi), 51% (300kCi) and 41% (500 kCi). In the light of
these results, the choice of an activity greater than 500 kCi would seem to be unrealistic.

TABLE n. Production periods (dark spaces) and irradiation periods (hatched spaces) of the
foodstuffs studied

Foodstuffs

Millet/Sorghum

Rice

Maize

Cowpeas

Potatoes

Onions

Mangoes

Citrus fruits

Dried fishes

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

4. ESTIMATION OF THE MEAN COST OF THE IONIZING RADIATION
TREATMENT TO ENABLE AN INVESTOR TO RUN A COST-EFFECTIVE
IRRADIATION UNIT

The knowledge of initial total investment (capital costs), operating costs and loan costs
and the fixing of a return on investment make possible the estimation of the mean cost of the
ionizing radiation treatment necessary for a cost-effective irradiation facility. Items of capital
and operating costs taken into account in this study have been related in detail by Urbain [9].

Table IJJ shows the initial total investment necessary to set up a cobalt-60 irradiation
facility of which the activity sources would be 100, 300 or 500 kCi. The values represented in
the table concerning the costs of cobalt-60, of the irradiation chamber, conveyor and auxiliary
equipment, have been drawn from the work of Kunstadt and Steeves [8]. The concrete
thickness of the irradiation chamber is calculated in such a way that it would not need any
modification in case of an increase in the activity of the source from 100 to 500 kCi. The
conveyor chosen is a pallet system, which is the system best adapted to the diversity of the
foodstuffs to be irradiated, with manual loading, preferred to automation in a country where
labour is inexpensive. Neither refrigeration nor freezing is provided for foodstuffs during
irradiation and storage. The cost estimation of the construction takes into account the current
prices in Senegal.

The operating costs and the loan costs for an irradiation facility, in relation to the
activity of the irradiation source, are given in Table IV. The operating costs include the
salaries (for a manager, a quality control and radiation safety officer, a secretary, three
operators and 12 handlers) and supplementary costs (travelling and training courses, research
and development),
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FIG. 1. Monthly utilization rates of the irradiation plant on the hypothesis that 10% of the total
production of each foodstuff, or, failing that the maximum percentage, is irradiated. Activity of the
irradiation source: (a) 100 kCi; (b) 300 kCi; (c) 500 kCi. The month of April is reserved for
maintenance of the irradiation plant. Potatoes, onions and dried fishes produced in March will be
treated in May.

cost of cobalt-60 replenishment (12.5% of the initial cost of the source), maintenance and
miscellaneous costs (electricity, water, fuel, taxes, etc.) estimated, respectively, at 2 and 4% of
the total initial investment) and the depreciation costs which have been calculated based on a
10 a amortization of conveyor and auxiliary equipments, 15 a amortization of cobalt-60 and
25 a amortization of buildings [8, 10]. The loan costs have been calculated with the
supposition that the total investment has been borrowed at an interest rate of 13% (average
figures supplied by the Senegalese Statistics Department), with a repayment period of 15 a.
The annuities An are then represented by the equation:

A. =Kx- x (4)

where K is the initial total investment, i the interest rate of the loan and n the repayment
period (expressed in a).
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TABLE IE. Total initial investment (in thousands of US $) necessary to set up a cobalt-60
irradiation facility in Senegal in relation to the activity of the irradiation source.

60Co

Irradiation chamber

Conveyor and auxiliary equipments

Office, warehouse, land

Total initial investment

Activity (kCi)

100

180

500

1,600

500

2,780

300

540

500

1,600

500

3,140

500

900

500

1,600

500

3,500

The required annual profit (Table IV) has been calculated on the hypothesis that the
investment is private (a choice which conforms with the present evolution of the economic
policy in Senegal) and that the investor would wish to recover his investment in 5 a (return on
investment of 20%).

The mean cost of the ionizing radiation treatment Cm that the investor needs to charge
a Senegalese trader (or a producer if he sells directly) to treat a given foodstuff, will depend,
of course, on the operating costs, the loan costs and the required profit, but also on the
utilization rate of the irradiation plant, therefore on the total quantity of foodstuffs treated
annually. It is represented (expressed in US $-f ^kGy"1) by the equation:

TABLE IV. Annual operating and loan costs for the irradiation facility and required annual
profit for a return on investment of 20% (expressed in thousands of US $) in relation to the
activity of the irradiation source

Salaries and supplementary costs
60Co replenishment

Maintenance

Miscellaneous (water, electricity,

taxes, insurance, etc.)

Depreciation

Operating costs

Loan cost

Required profit

100

400

20

55

110

210

795

430

560

Activity

300

400

65

65

125

235

890

485

625

(kCi)

500

400

110

70

140

260

980

540

700
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OC + LC + RP

X.
(5)

where OC are the annual operating costs, LC the annual loan costs, RP the annual required
profit (in US $) and Xt the total quantity of foodstuffs treated annually (in t-kGy).

Fig. 2 represents the determination of the mean cost of the ionizing radiation treatment in
relation to the total quantity of foodstuffs treated annually and the activity of the irradiation
source. It can be noted that the mean cost value is always higher than 150 US S-t'̂ kGy"1 with
an irradiation source of 100 kCi, even when the maximum throughtput of irradiation facility
(11,000 t-kGy) is acheived, which precludes the choice of such a source. A mean cost value
less than 100 US S-f^kGy"1 implies the treatment of more than 20,000 t-kGy of foodstuffs,
necessitating recourse to an irradiation source of at least 300 kCi activity. Such a quantity of
irradiated foodstuffs is far from being negligible. In order to achieve this figure with an
irradiation source of 300 kCi, it is necessary to irradiate 3.75% of the total cereal and cowpea
production (the highest percentage possible) and approximately 15% of the total production of
the other foodstuffs. With an irradiation source of 500 kCi, it is necessary to irradiate 6.25%
of the total cereal and cowpea production (the highest percentable possible) and 10% of the
total production of the other foodstuffs. It therefore seems unrealistic to further lower the
mean cost of the ionizing radiation treatment by increasing the percentage of foodstuffs
treated, and unlikely, with the foodstuffs chosen in this project, to achieve the maximum
throughput offered by the different sources [33,000 t-kGya"1 (300 kCi) or 55,000 t-kGy-a"1

(500 kCi)].
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FIG. 2. Annual quantity of foodstuffs irradiated (in t-kGy 10'3) FIG. 2. Variation of the mean cost of
the ionizing radiation treatment (in US S-f'-kGy'1) in relation to the annual quantity of foodstuffs

treated (in t-kGy 1O'S). Activity: 100 kCi (xx); 300 kCi (+ -+); 500 kCi (aro).

5. ADDITIONAL COST AND BENEFIT FOR A SENEGALESE TRADER (OR
PRODUCER) USING IRRADIATION

The additional cost (AC) for the Senegalese trader having recourse to irradiation for a
given foodstuff (expressed in US $-f') is represented by the relation:

AC = C; + AC + AC, (6)
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in which Q is the cost of ionizing radiation treatment, ACP the additional cost resulting from
the packaging and ACt the additional cost resulting from the transport.

The cost of the ionizing treatment Q (in US S-f1) is easy to calculate knowing the
mean cost of ionizing treatment Cm (in US S-t̂ -kGy"1) and the irradiation dose chosen D (in
kGy):

C ; = C m x D (7)

An additional cost due to packaging is only to be considered for cereals, cowpeas and dried
fishes. In the case of these foodstuffs, the aim of the treatment is a disinfestation and therefore
it is imperative that no recontamination by pests is possible once the treatment has been
carried out. Thus it is necessary to replace the packaging usually employed (jute sacks for
cereals and cowpeas) by a packaging resistant to penetration by pests. Polyethylene sacks of a
thickness greater than 100 um, much less expensive than the multi-layer plastic sacks, satisfy
this requirement [11, 12], but the additional cost due to such a change in packaging can
nevertheless be estimated at 9 US %-t'1. On the other hand the objectives of the ionizing
treatment for the other foodstuffs (sprouting inhibition for onions and potatoes, delayed
senescence for mangoes and citrus fruits) do not justify a change in packaging.

As far as transport is concerned, considering that the irradiated foodstuffs would in any
case (treated or non-treated) have been transported to the vicinity of the irradiation plant and
consumed by the inhabitants in this area (see above), only a small addition, caused by this
location, compared to the shortest route, should be taken into account in order to determine
the additional cost related to the transport. This addition can be estimated at approximately
40 km. The mean cost of transport being in the order of 0.05 US S-t^-km'1 according to the
Food Security Commission in Senegal, the additional cost related to transport will therefore
be fairly modest, about 2 US $-t'\

It is therefore possible to calculate approximately for each category of foodstuff, the
additional cost linked to the ionizing radiation treatment in relation to the total quantity of
foodstuffs treated. The results obtained in the case where the source activities are 300 and
500 kCi are represented in Figs. 3 and 4. The additional cost, of course, becomes much greater
when the total quantity of foodstuffs treated decreases and when the irradiation dose used
increases, but it can also be considerably increased by the necessity to place the irradiated
foodstuffs in special packaging after treatment. In the study carried out, when the total
quantity of foodstuffs treated becomes greater than 22,000 t-kGy with a source activity of
500 kCi, the additional cost incurred by the packaging used to protect the cowpeas from
weevil infestation becomes greater than the cost of the ionizing radiation treatment alone.

The profit that a Senegalese trader can obtain from an ionizing radiation treatment is more
difficult to estimate than the additional cost incurred by this treatment. The ionizing radiation
treatment certainly enables this trader to avoid the loss of a part of the food production. The
profit resulting from the avoided loss P can be expressed simply (in US S-f1) by the relation:

P = SPxPL (8)

where SP is the selling price to the consumer (or to the retailer) of the foodstuff in question (in
US S-f1) and PL represents the percentage of the post-harvest loss for this foodstuff in the
absence of an ionizing radiation treatment, avoided after treatment.
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FIG. 3. Variation of the additional cost (AC) linked to the ionizing radiation treatment (in US $-t~') in
relation to the total quantity X, of foodstuffs irradiated (in PkGylO'3) for (a) potatoes and onions (o-o)
and cowpeas (x~x) irradiated at 0.1 kGy; (b) cereals irradiated at 0.25 kGy; (c) dried fishes (o~o) and
citrus fruits (xrx) irradiated at 0.5 kGy; (d) mangoes irradiated at 0.75 kGy. Activity of the irradiation
source: 300 kCi.

The percentage of post-harvest losses are difficult to evaluate: according to the Senegalese
Statistics Department, it varies between 10 and 20% for cereals and between 20 and 30% for other
foodstuffs studied. According to Chinsman [13], the lowest values to consider would be 10% for
cereals and leguminous plants, 20% for onions and potatoes and 30% for fruits. In the publications
cited by this author, the values for post-harvest losses are nevertheless often greater than these
minimum values. Finally, in this study the percentages of post-harvest losses avoided by irradiation
have been estimated at 15% for fruits and dried fishes, and 10% for other foodstuffs.

The average selling prices to the consumer in Dakar (according to the data provided by
the Senegalese Statistics Department and the Food Security Commission) are actually 730 US
S-t'1 for potatoes, 680 US $-t"! for onions, 380 US $-t"! for cowpeas, 420 US $-f 1 for rice,
300 US $-f] for millet/sorghum, 320 US S-t"1 for maize, 430 US S-t"1 for dried fishes and
600 US $-t"! for citrus fruits and mangoes. If only the avoided post-harvest losses are
considered, the profit made by the trader using an ionizing radiation treatment is then
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FIG.4. Variation of the additional cost (AC) linked to the ionizing radiation treatment (in US $-f]) in
relation to the total quantity X, of foodstuffs irradiated (in t-kGyIff3) for (a) potatoes and onions (o-o)
and cowpeas (xrx) irradiated at 0.1 kGy; (b) cereals irradiated at 0.25 kGy; (c) dried fishes (o-o) and
citrus fruits (xrx) irradiated at 0.5 kGy; (d) mangoes irradiated at 0.75 kGy. Activity of the irradiation
source: 500 kCi.

approximately, with reference to equation (8), 73 US $-t~l for the potatoes, 68 US $-t4 for the
onions, 38 US $-t"! for the cowpeas, 42 US S-f1 for the rice, 30 US $-f* for the
millet/sorghum, 32 US $-fx for the maize, 64 US $-t"x for the dried fishes and 90 US $-t4 for
the citrus fruits and the mangoes.

hi the case where the source activity is 300 kCi, the comparison of these figures with
those of the additional cost incurred by the ionizing radiation treatment (Fig. 4) clearly shows
that the ionizing radiation treatment is globally cost-effective, provided that the total quantity
of foodstuffs treated attains at least 20,000 t-kGy (which corresponds to the treatment of
3.25% of the total cereal and cowpea production and 15% of the total production of the other
foodstuffs). When the source activity is 500 kCi, the total quantity of foodstuffs treated should
attain at least 23,000 t-kGy (which corresponds to the treatment of 6.25% of the total cereal
and cowpea production and 10% of the total production of other foodstuffs).
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However the benefits of the ionizing radiation treatment for the trader are not limited
simply to a reduction in post-harvest losses. While increasing the market life of a foodstuff,
this treatment not only prevents, to some extent, an excessive production of this foodstuff
during a very short period (and therefore prevents a sudden drop in the selling price), but also
extends its duration on the market and therefore allows the trader to sell it at a good price,
since if untreated this would have disappeared from the market. These kind of benefits are
more difficult to estimate, but they should certainly improve the overall viability of the
proposed project.

6. CONCLUSION

The results obtained during this study have shown that the setting up of a cobalt-60
(activity 500 kCi) irradiation facility in the region of Dakar, Senegal, to treat a wide range of
foodstuffs destined for local consumption can be considered as cost-effective for a private
investor, on the condition that the tonnage of foodstuffs treated is adequate (about 23,000
t-kGy, i.e. a total tonnage of about 77,000 t, taking into account the irradiation doses used for
the various foodstuffs).

The profitability of the irradiation unit could be improved by further increasing the
percentage of each foodstuff treated, but the profit may only be small, hi fact, it should be
noted that, with a source of 500 kCi, no more than 6.25% of the cereal and cowpea production
can be irradiated and that, under these conditions, in order to treat more than 23,000 t-kGy of
foodstuffs, more than 10% of the total production of other foodstuffs must be treated.

It could also be improved by lowering the irradiation doses used for certain foodstuffs: in
fact, it has been shown [12] that the elimination of the weevil Callosobruchus maculatus in
cowpeas was possible with a dose of 50 Gy. A similar lowering of the irradiation dose could
probably be envisaged for cereal treatment. For these foodstuffs, this would result in a
lowering in the cost of the ionizing radiation treatment and in a possible increase of the
percentage of the production treated.

However, it is more certain that a profitability improvement would be obtained by adding
other foodstuffs to the list of those proposed for the project in order to increase the utilization
rates of the irradiation plant. Among foodstuffs of plant origin, the choice is without doubt
limited to certain fruits and vegetables produced at the beginning of the year. The problem of
seasonality has less effect on the foodstuffs of animal origin, none of those destined for local
consumption, except the dried fish, would be suitable for irradiation. On the other hand, the
ionizing radiation treatment of fresh fish and shellfish destined for export at doses of a few
kGy (destruction of pathogenic bacteria and reduction in the total microbial flora),
economically acceptable for foodstuffs for which the market value is much higher than that of
foodstuffs destined for local consumption, could be seriously envisaged for the future, on
condition that certain European countries and their consumers decide to accept this
preservation technique for foodstuffs. The use of pasteurization treatment would certainly
imply an increase in treatment capacity of the irradiation unit and therefore the use of a greater
activity of the irradiation source.

A contribution to this project from the Senegalese state could be considered, for example
in the form of a grant of the irradiation unit to a private administrator and this would also help
to improve its profitability, hi fact, the benefit of such a project to the Senegalese state is
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obvious. This would give rise to a 0,6-1,5% increase in the plant tonnage produced by the
Senegalese agriculture (except for groundnuts), to more satisfaction for the Senegalese
consumer because of better quality foodstuffs and longer market availability, to a resulting
price stabilization for these foodstuffs, to a slight reduction in certain imports, as for example
for rice (around 1000 t-a"1, which is about 0.2% of the total quantity of this cereal actually
imported), to the exportation of certain foodstuffs to bordering countries (onions, potatoes) or
to European countries (fish and shellfish), to the stimulation of profitable culture of excellent
quality, such as cowpea grains, the production of which has dropped dramatically in Senegal
(from 64,0001 in 1986 to 16,000 t in 1992), mainly because of contamination by a weevil, and
finally to the development of a food processing industry, which is still at an embryonic stage .

If the setting up of a cobalt-60 irradiation facility in Senegal seems promising for
economical and industrial reasons, it could only be considered after preliminary research and
development studies, in order to check if irradiation is really suitable for the preservation of
varieties of plant foods (especially fruits) cultivated in this country, hi other respects,
information campaigns should be conducted amongst the Senegalese producers and
manufacturers to explain all the advantages that this conservation technique would represent
for them. Last but not least, test-marketing and acceptance studies should be carried out in
order to answer the fundamental question: is the Senegalese consumer ready to buy and
consume irradiated foodstuffs ? The future of this technique in Senegal depends entirely on
this answer, which must be clearly positive before undertaking of any industrial project. To
carry out these various preliminary tasks, the installation of a pilot plant is therefore first
required in Senegal. The purchase price of such a facility (approximately 700,000 US $ for a
30 kCi activity source) and its processing costs [training courses, travelling, testing, research
and development, maintenance, miscellaneous costs (e.g. electricity, water), e tc . ] are far
from being negligible and the Senegalese state would not be able to support such expenses
without the help of international organizations concerned by the problem of foodstuff
preservation in developing countries (IAEA, FAO) and the financial contribution of private
investors and potential users of the future industrial facility.

The last important but inexpensive requirement for the Senegalese state is that
implementation of food irradiation in Senegal must also be preceded by the enactment of
appropriate legislation (non-existent up to now), which should be harmonized with
legislations of other countries to facilitate future trade in irradiated foodstuffs.
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