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Abstract. Preservation of food by gamma radiation is technically feasible and economically viable under
conditions existing in Pakistan, to educate the consumers, Programme for dissemination of information regarding
food irradiation was implemented to educate the consumers. Test marketing of irradiated products was carried
out for 5-6 years and more than 8 tons of irradiated vegetables were sold to consumers who were briefed about
the advantages of radiation technology. A number of condiments including pepper and chillies were irradiated on
a large scale (more than 10 tons) at the Pakistan Radiation Service (PARAS) during the years 1996-1998.
Comprehensive Harmonised food irradiation regulations, covering all foods in seven classes, were approved in
1996. The charges for irradiating various food commodities ranged from US$19.71/ton potatoes (0.10 kGy) to
US$38.32/ton for spices (10.0 kGy). Once the techno-economic feasibility is demonstrated, huge post-harvest
losses of different food commodities can be avoided. This will make the country not only self-sufficient in food,
but with enough surplus for export.

1. INTRODUCTION

Agricultural production in Pakistan has increased considerably over the past two
decades (Table I) [1]. However, post-harvest losses of foods are substantial (15-30%) due to
high temperature and humidity. Since there are no effective and economical methods of food
preservation available, shortages of some essential food items in the markets occur. This
causes prices to increase considerably and to fluctuate widely during the year [2].
Consequently, the Government is forced to import some food products and consumers have to
pay very high prices for such foods.

It has been established that preservation of food by gamma radiation is technically
feasible and economically viable under conditions existing in Pakistan [3]. It was therefore
important to undertake a program for commercial food irradiation to avoid huge post-harvest
food losses, ensure uniform supply of essential food products and avoid large fluctuations in
prices during the year. A research agreement entitled "Commercialization of Irradiated Foods
in Pakistan" was awarded by the IAEA in 1994 under the Co-ordinated Research Programme
(CRP) on Public Acceptance of and Trade Development in Irradiated Food in Asia and the
Pacific. The objectives of the project were [4]:

1. To carry out test marketing of commercial quantities of irradiated products (potatoes,
onions, spices, chicken, meat, mangoes, bananas, etc.).

2. To evaluate consumer acceptability of irradiated foods.
3. To prepare and implement a consumer education program (seminars, meetings,

exhibitions, articles in press, lectures on food irradiation in various scientific institutions
and universities, PTV program on food irradiation).

4. To involve food industry and trade in the use of gamma radiation for
preservation/hygienization of foods.

5. To undertake inter-country transportation and market testing of irradiated foods
(potatoes and onions) to Thailand/Sri Lanka.

6. To determine the economic cost and benefit of irradiated foods under commercial
conditions.
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TABLE I. PRODUCTION OF FRUITS AND VEGETABLES IN PAKISTAN
(000 tons)

No. FRUITS 1984-1985 1994-1995 %increase/decrease

1.
2.
3.
4.
5.
6.
7.
8.

VEGETABLES
1.
2.
3.
4.

Citrus
Mango
Apple
Banana
Apricot
Almonds
Grapes
Guava

Potatoes
Onions
Tomatoes
Vegetables

1,373
692
143
137
52
29
27

288

476.6
451.8

99.1
1616.5

1,933
884
533

80
153
49
40

420

859.8
808.9
237.8

2875.5

+40.7
+27.7

+272.7
-41.6

+194.2
+68.9
+48.1
+45.8

+80.4
+79.1

+139.3
+77.9

(excluding potatoes & sugar beet)

2. CONSUMER EDUCATION PROGRAM

Acceptance of irradiated food by the consumers is a vital factor in the successful
commercialization of food irradiation technology. Consumer education programs on
irradiated foods are of utmost importance. Public awareness has to be created with the help of
mass media, seminars, group meetings and science exhibitions. In order to educate the
consumers, the program for dissemination of information regarding food irradiation was
carried out. A number of lectures/seminars on the subject were delivered in the national
research institutions, postgraduate colleges and agricultural universities in the country.
Lectures were also delivered to the scientists attending courses in our institute. Adequate
awareness was created among consumers for irradiated food but much more has to be done
before the commercialization of irradiated foods in Pakistan [3, 4].

3. CONSUMER ACCEPTABILITY AND MARKET TESTING

Market trials are important prerequisites for commercialization of irradiated foods. Test
marketing of irradiated potatoes and onions was made through retail markets after three to
four-months of storage. The irradiated products were identified with a label "Irradiated
Potatoes" "Irradiated Onions" [5]. The consumers were briefed about the advantages of
radiation preservation. They preferred to buy the irradiated products because of better quality.
The test marketing of irradiated products was performed for 5-6 years and more than 8 tons of
the irradiated vegetables were sold to the consumers who were briefed about the advantages
of radiation technology. The inter-country transportation and market testing could not be
undertaken due to the lack of the required infrastructure.

4. FOOD INDUSTRY AND TRADE

A number of food processing industries were visited and meetings were held with
officials to discuss the potentials, advantages and economics of food preservation by
irradiation. The food industry was interested in radiation technology and some foods as chili,
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peppers and other condiments were irradiated on a large scale at the Pakistan Radiation
Services (PARAS) at Lahore [4]. Commercial irradiation of food followed the approval of the
Food Irradiation Regulations covering foods in several classes, in 1996. A number of
condiments including pepper and chili were irradiated on a large scale (more than 10 tons) in
PARAS during the years 1996-1998. A number of exporters have also requested for the
radiation preservation of some fruits and vegetables for export.

5. FOOD IRRADIATION REGULATIONS

Comprehensive food irradiation regulations, covering foods in seven classes, were
prepared and submitted to the competent authority i.e. the Pakistan Nuclear Regulatory Board
in 1995. After examining the regulations by the Board, a presentation was also made to the
members of the Board and all aspects of commercial food irradiation were explained. The
Board accorded approval to the regulations which were published in February, 1996 in the
Gazette Notification by the President of Pakistan (Table II). These regulations strictly
conform to the Codex General Standard for Irradiated Foods and the Codex Recommended
International Code of Practice for the Operation of Irradiation Facilities used for the treatment
of foods [4].

TABLE II. FOOD IRRADIATION REGULATIONS
GAMMA RADIATION DOSES FOR THE TREATMENT OF FOODS

1. Potatoes and onions - to inhibit sprouting 0.15 kGy
2. Fresh fruits - to delay ripening/insect control 1.0 kGy
3. Food grains, dry fruits - to control insect infestation 1.0 kg y
4. Chicken and meat - to extend shelf-life/eliminate

pathogenic microorganisms 5.0 kGy
5. Fish and seafood - to ensure hygienic quality/

eliminate spoilage organisms 5.0 kGy
6. Spices, herbs, condiments - to control infestation/

ensure hygienic quality 1.0 kGy
7. Dry foods of animal origin - to control insect

infestation 1.0 kGy

6. COST ECONOMICS OF IRRADIATED FOODS

The food irradiation process is highly capital intensive and its economic feasibility is
seen only when there is a fairly large quantity of product to be processed. Radiation facilities
must be utilized round the clock and round the year so as to fully utilize an expensive
radiation source that decays at constant rate whether it is used or not. It is thus necessary,
purely from the economic point of view, to find ways and means of utilizing the radiation
facility all year, as potatoes/onions, fruits and vegetables are seasonal.

The total processing cost equals the annual operating cost, interest on the capital cost
plus depreciation of capital. Depreciation costs are calculated based on a ten-year
amortization of equipment, 15-year amortization of cobalt and 25-year amortization of
buildings. The unit processing cost equals the total annual processing cost divided by the
annual throughput in kg . The total cost as well as the unit processing cost for a Pallet Carrier
Irradiator was worked out and is shown in Table III. The charges for irradiating various food
commodities ranged from US $19.71/ton for potatoes (0.10 kGy) to US $38.32/ton for spices
(10.0 kGy) [3, 6].
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TABLE III. COST OF A PALLET CARRIER IRRADIATOR (US $)

A. INPUT VARIABLES

1. Cobalt
2. Replenishment cobalt
3. Irradiator efficiency
4. Annual operating hours
5. Minimum dose
6. Throughput
7. Container rental charge
8. Number of product handlers
9. Cobalt required
10. Replenishment cobalt required
11. Product density

US $2.0/Ci
US $2.0/Ci
25%
8 000h
0.015 Mrad
60 000 000 kg/a
US $2 000
6
84 150 Ci
10 350 Ci
0.4 g/cm3

B. CAPITAL ITEMS US $

12. Irradiator 3,000,000
13. Total boxes
14. Auxiliary equipment 300,000
15. Warehouse conveyors
16. Other 200,000
17. Cobalt-60 requirements (Ci) 84150
18. Cobalt-60 costs @2.0/Ci 168,300
19. Container rental 1 container @ 2.000 200
20. Land (0.5-0.75)ha)
21. Radiation shield 900,000
22. Warehouse 350,000
23. Shipping 50,000
24. Startup costs 30.000
25. Total capital 4,998,500

C. OPERATING ITEMS

26. Salaries - Plant Manager (PSO) 6,000
- Radiation Safety Officer (SSO) 4,400
- Quality Control Officer (SO) 4,000
- Plant Operators (Tech-I)-4 5,240
- Helpers-6 4,500

27. Utilities and communications 7,000
28. Maintenance and repairs 9,000
29. Taxes and insurance 5,000
30. Operational supplies 15,000
31. Administration 9,000
32. Cobalt-60 replenishment (Ci) 10350 @ 2.0/Ci 20,700
32. Interest on the capital 699.790
33. Total operating costs 789,630

D. PROCESSING COSTS

34. Depreciation of capital 393,381
35. Operating Costs 789.630
36. Total processing costs 1,183,011
37. Unit processing cost US $ 19.71/t
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7. PROSPECTS OF FOOD IRRADIATION

Food irradiation is seen as a process with immense economic potential. Judicious use of
the process is necessary to realize its advantages. Besides the direct economic benefits to
farmers, the nation stands to gain much through the intangible benefits that it has to offer such
as better price stability, increased availability and improved safety of foods marketed.
Presently, neither the economic nor technical considerations appear to stand in the way for the
acceptance of the process by industry and trade in the country. The first commercial food
irradiator has to be installed at the campus of PARAS (Pakistan Radiation Services) at
Lahore, where all necessary infrastructure is available. Once the techno-economic feasibility
is demonstrated, more such plants will be installed in different parts of the country in the
public and private sectors. In this way huge post-harvest losses of different food commodities
will be avoided making the country not only self-sufficient in food, but with enough surplus
for export [2].
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