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ABSTRACT 

Potato** vert chosen as the subject of the f irst petition to 

the South African Department of Health for unlimited clearance for 

sale of an irradiated foodstuff in the Republic. Bris * model' 

foodstuff vas selected as i t has been thoroughly tested overseas sad 

proved to he perfectly safe for consumption. Ibis report consists 

of the resulting petition, which includes a description of the need 

for, and advantages of, the radiation treatment, results of technological 

studies to confirm that the process i s applicable under South African 

conditions, end detailed vholesomaness studies carried out in other 

countries. 

Acceptance of the petition by the Minister of Health i s 

presented as an Appendix to the report. I t i s intended that future 

petitions for clearance of other foodstuffs wi l l follow the pattern 

set in this document. 

« 



SAMEVARXHG 

Anrtnspaln i s die enrstn onderworp van 'B aansont ann die 

8uid-Afrikaanse Departenent van Gescndneid om cnbeperkte goedfceurinn; 

dat dit an bestmalde voedselsoort in die RepnblieL bcauk vord. 

Hierdie 's»dfl'-*ondnnlnoort i s nnkinn onrtat dit in din buitnlattd 

dteglik getotts «n M heeltenal vnil ig * ir aanslike fébruik bev/n i n . 

Hi* versing neataan « i t din aansoen tnnnnn net *n beskryving v n din 

bnnoefta nnn nn voordele vsn stralingsbehandeling, resnltate van 

tegnalogieao studies an bnvjm dnt din pronns in Suid-Afriknansn 

toMtnndt toegepas knn word, nn uitvoerige gngevnns •»» Tondsaanhaid-

studies vat in sndnr landn uitgeroer in . 

Sin Kinister Tin Gnsonnnnid sn nanraarding Tan die aansort 

i s in *n $rlae tot din versing vervat. Bit i s die rooms» OK din 

patroon in nierdin dokunent ook in din geral Tan toekoantige nnnsonkn 

on goedkeuring van ander Toedtelsoortc te volg. 
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1 . PREAMBLE 

1.1 Background t o the Process of Food I r r a d i a t i o n 

Although results on the interaction between ionising radiation 

and foodstuffs or food components have been published over a period of 

5 0 - 6 0 years, i t vas only after the end of the Second World War that 

the ful l potential of food irradiation vas realised. Since then the 

possibility of harnessing the atom to help solve one of the world* s 

great problems - the need for increased food supplies - has aroused 

much interest in many countries. Research has been conducted for many 

years, and i t has been demonstrated that a number of applications of 

radiation for the preservation or processing of food are already 

technically feasible, and that food so treated i s suitable for 

consumption by man. 

Radiation processing opens up certain possibil it ies that 

cannot be achieved by any other known method. Some of these relate 

directly to public health problems such as the elimination of pathogenic 

organisms (Salmonella), parasites (Cyeticercue boots) and harmful chemicals 

at present used in food processing. It i s therefore not surprising 

that a number of countries have allowed the unlimited sale of irradiated 

products which have been subjected to vholesomeness studies conducted 

on a scale of unprecedented magnitude as compared to other food-processing 

methods. 

1.2 Adventages of Food I r r a d i a t i o n 

The value of ionising radiation for food irradiation arises 

from i t s ability to destroy the micro-organisms and insects which cause 

food spoilage and deterioration. Furthermore, i t has been shown that 



the treatment slows down physiological processes in fruits and vegetables, 

resulting in delayed ripening and the inhibition of senescence. 

A second advantage of radiation processing i s i t s penetrating 

power, which ensures that a l l parts of the product are exposed to the 

radiation and which thus allows the elimination of deeply s i ted bacteria 

or insects even in hermetically sealed containers. This i s a unique 

property of radiation which can be applied in the treatment of fresh 

produce, especially as i t does not cause any significant rise in 

temperature during treatment. 

Radiation era be used in combination with other methods of 

food preservation such as refrigeration, heating, curing and the addition 

of chemical preservatives. It can also be used as an alternative to 

these methods when they are either difficult to employ or are thought 

to produce effects hazardous to health. 

Radiation allows the extension of the shelf l i f e of many 

foodstuffs both at normal temperatures and under refrigeration, provided 

that packaging adequate to prevent re-contamination i s used. Lightweight 

plastic or the more conventional rigid containers can be used, thereby 

making the method of radiation steril isation well suited to the present 

trend of pre-packed foodstuffs, as well as to mechanisation in the food 

industry. 

Irradiation offers a valuable addition to the existing methods 

of food preservation, and i t s use can significantly increase the total 

amount of food available in the world by helping to reduce the serious 

losses that occur at al l stages between the production of foodstuffs and 

their consumption. 
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2 . DEVELOPMENT OF THE SOUTH. AFRICAN FOOD-IRRADIATION 
PROGRAM 

Although the National Program vas approved only in March 1972 

and formally implemented in 1973» food-irradiation research had already 

been carried out on a laboratory scale in this country for some years. 

The pioneering work vas done in the laboratories of the Fruit and Fruit 

Technology Institute at Stellenbosch, and concerned i t s e l f with studies 

on potatoes, strawberries, flowers and radiation-induced mutations. 

A number of important publications resulted from this research. More 

recently, a cooperative venture between the Atomic Energy Board and the 

Citrus and Subtropical Fruit Research Institute on the technological 

feasibil ity of irradiating export fruit , has been highly successful. 

In 1968 the Atomic Energy Board commissioned an investigation 

into the prospects for employing large radiation sources in agriculture, 

medicine and industry, and in the same year three reports (PEL-171, 172 

and 173) vere brought out, summarising the status of radiation technology 

throughout the world. On the basis of this information a tentative 

program was 'drawn up, which, after discussion with overseas authorities, 

was modified and detailed in a document presented to the Board (PIN-62(BR)). 

The section concerning agricultural applications vas discussed in detail 

at a number of meetings between senior Atomic Energy Board and 

Agricultural Technical Services personnel, and early in 1972 a Joint 

Program was agreed upon. 

In terms of this program i t vas decided that studies on food 

irradiation should be concentrated on two fronts. The f irst would be 

an acceptability study designed to guarantee the approval of the 

Department of Health for the processing of selected food items, and the 

second would be a series of technological studies designed to identify 



those products which would benefit most from radiation processing. 

I t was also decided to appoint a Steering Committee consisting 

of representatives of the Atomic Energy Board, Agricultural Technical 

Services, the Department of Health, the Council for Scientific and 

Industrial Research, and other interested bodies such as the food-

processing industry. The main task of this committee would be to review 

progress and to make suggestions for further work. In this context i t 

was considered of prime importance that the Department of Health 

participate in the decision-making process. In this way i t would be 

possible to eliminate the lack of communication which had led to problems 

in the USA between the major investigators, the US Army, and the 

adjudicators of safety viz. the Food and Drug Administration. 

Early meetings of this Committee were concerned mainly with 

deciding on a satisfactory approach to the clearance for unlimited sale 

and consumption in South Africa of selected food items processed by 

radiation. An early decision was to recommend to the Department of 

Health that the sale of irradiated food be prohibited except where 

specific approval i s given by the Department. In this way legal control 

would be based on the principle of a permitted l i s t of foodstuffs 

irradiated under specified conditions. This recommendation was accepted 

by the Department, and steps were taken to incorporate a clause on food 

irradiation in the Food, Drugs and Cosmetics Act, 

A second important decision of the Committee was that a model 

foodstuff should be chosen in order to establish a suitable protocol for 

the submission of future petitions to the Department, requesting 

clearance for specific food items. This model foodstuff should be one 

that had been thoroughly tested overseas and shown to be perfectly safe 
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for consumption. It was also agreed that vholesomeness data generated 

in other countries could be submitted in support of a petition, and that 

the excessively expensive feeding studies carried out in such countries 

should not be duplicated in South Africa. After much discussion i t was 

finally decided to use irradiated potatoes as a model product and to 

init iate limited technological studies to shov that overseas results are 

applicable under South African conditions. The need for technological 

testing was determined by the interest of a local company in the storage 

of potatoes destined for chip-making during periods of shortage. Although 

the economic significance of radiation processing of the model product 

was considered by the Committee to be of secondary importance» i t was 

recognised that participation by industry would place a greater emphasis 

on the necessity for introducing this new technology in problem areas 

in the food industry. 

The study on irradiated potatoes was initiated in 197b, and 

submission of a petition was scheduled for 1976. After discussions with 

representatives of the Department, i t was decided that an in i t ia l draft 

petition would be submitted in order to determine whether the form of 

presentation was acceptable. The main aspects of the draft would be 

the following: 

( i ) An introduction giving the background to the initiation 

of food-irradiation research in the Republic. 

( i i ) A statement on the reasons for proposing a new method 

of processing. 

( i i i ) A summary of the experimental results, showing the 

applicability of the process under South African conditions. 
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(iv) A description of the model foodstuff, including a l i s t 

of the varieties considered suitable for commercial processing. Also 

included would be a statement defending the clearance of all varieties 

of a given foodstuff on the basis of data available for some varieties 

only. 

(v) A ful l description of the irradiation process and the 

conditions under which the produce would be treated. 

(vi) A review of the most important data on the safety for 

human consunption of irradiated potatoes, including evidence of the 

nutritional absence of toxic effects, absence of carcinogenic effects 

and the absence of mutagenic or teratogenic effects. 

(vii) A statement on the possibility of inducing radioactivity 

in irradiated foodstuffs. 

(v i i i ) A statement on the requirements for licencing and 

inspection of fac i l i t ies used for commercial irradiation. 
a 

3 . NEED FOR THE IRRADIATION OF POTATOES 

The principal interest in irradiating potatoes has been to 

delay senescence through sprout inhibition or other processes which 

diminish their acceptability as raw foods and preclude their storage for 

extended periods. These problems are more pronounced in countries with 

warm climates and in those in which seasonal fluctuations in supply are 

considerable. 

The methods currently used for sprout inhibition in stored 

potatoes include treatment with chemicals such as isopropyl-N-phenylcar-

bamate and isopropyl-H-3 chlorophenyl-carbamate. Although possibly 
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cheaper than radiation, this method suffers from the disadvantage that 

i t leaves residues which could be mutagenic, as these chemicals act as 

inhibitor* of mitosis. Furthermore, chemical inhibitors do not always 

prevent internal sprouting, whereas radiation does. 

Low-temperature storage i s another possibil ity, but i s much 

more expensive and has hi gher energy requirements. Ho sprouting occurs 

as long as a storage temperature of 3 - fc C i s maintained. Such 

potatoes ere suitable for household use but not for chip manufacture, 

as the glucose concentration increases rapidly during storage. Potatoes 

with high glucose concentrations produce chips which are dark in colour, 

thereby rendering them commercially unattractive. 

I t would thus seem that radiation i s the preferred method i f 

sprout inhibition during storage i s a requirement. 

The major potato-processing company in the Republic, which 

has partially sponsored thi3 work, feels that the ability to store 

sprout-inhibited potatoes during periods of shortages is of great 

economic importance. During periods of normal supply, potatoes are 

delivered at a contractually agreed basic price, but during shortages 

the company i s forced to buy on the open market at prices several times 

higher. These arguments may also apply to potatoes sold for household 

use, although i t i s the opinion of Agricultural Technical Services that 

new varieties which wil l be available shortly should eliminate shortages 

of potatoes intended for domestic consumption. 

It may therefore be concluded that there i s a reel and immediate 

need for the radiation processing of potatoes destined for storage prior 

to chip manufacture. It i s also possible that the availability of a 

potato irradiator may have wider implications and that potatoes destined 
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for domestic use may also he treated in order to mitigate the effect of 

seasonal fluctuation. 

4 . THE APPLICABILITY OF THE TECHNOLOGY UNDER SOUTH AFRICAN 
CONDITIONS 

This summary of work carried out at Pelindaba during 197b - 75 

i s arranged according to the effects of irradiation on the physical and 

chemical properties of the potato respectively. 

4 .1 Phys ica l Proper t i e s 

( i ) Mass l o s s , shrinkage and general appearance. 

Moisture loss , causing shrivelling and wrinkling, occurs with any 

potatoes stored at low relative humidity, and to maintain a good appearance 

the potatoes must he stored at a humidity of at least 70 %. Irradiation 

has l i t t l e effect on the moisture loss and appearance of potatoes stored 

at low humidity, hut decreases the moisture loss in those stored at high 

humidity. 

( i i ) S p e c i f i c g r a v i t y . Large varietal differences 

are often found, irrespective of irradiation. Very few changes are 

caused by irradiation, hut in some varieties prolonged storage causes 

an increase in specific gravity in both unirradiated and irradiated 

tubers. 

( i l l ) Firmness. Irradiation causes no significant 

changes. Slight softening i s observed on prolonged storage. 

( iv) Sprouting. Sprouting i s completely suppressed in 

most varieties by a dose of 0,12 kGy (12 krad)* when the potatoes are 

stored at ambient temperature after irradiation. A lower storage 

#100 krad • 1 kQy 
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temperature decreases the dose required for total sprout inhibition. 

(v) Rot l o s s e s . A curing period of at least four 

weeks between harvest and irradiation must be allowed; otherwise rot 

losses in irradiated tubers are excessive in some varieties. The 

curing period can be extended up to eight weeks by storage at lower 

temperatures, with a further decrease in rotting being thus achieved. 

High humidity has l i t t l e effect on rotting, but high temperatures during 

storage promote i t . 

4 .2 Chemical Proper t i e s 

In general most chemical constituents show large varietal 

differences in concentration. 

( i ) Ascorbic a c i d . This i s decreased by irradiation, 

but during storage the concent: ixon in unirradiated tubers fa l l s faster 

than that in irradiated ones. Some four months after irradiation both 

have approximately the same ascorbic acid content. In general the 

ascorbic acid concentration in irradiated potatoes wi l l be markedly 

lower than that in unirradiated controls for the first few weeks after 

irradiation. 

( i i ) Starch. There i s a slight increase during storage, 

a peak being reached at about ten weeks, followed by a slow decrease. 

Ho significant changes are caused by irradiation. 

( i i i ) Sugars . 

(a) Non-reducing (sucrose). Concentrations seem to 

be very variable, but upon irradiation, there is generally an increase 

followed by a slow decrease during the first four weeks of storage. 
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Both irradiated and unirradiated samples then shov an increase upon 

longer storage. 

(b) Reducing sugars - mainly glucose, hut up to about -j 

fructose in some samples. 

These shov a slight increase upon irradiation, vith a decrease following 

in the first fev weeks of storage. Unirradiated samples remain fairly 

constant during this period so that after several weeks they have 

approximately the same concentration as irradiated samples. Reducing-

concentrations are much affected by temperature, whether the potatoes 

are irradiated or not. Concentrations normally increase at lew 

temperatures, though not a l l varieties shov this behaviour. In general, 

storage for 2 - U veeks at a higher temperature v i l l decrease the 

reducing-sugar content to acceptable levels. 

4 . 3 Conclusions 

It has been demonstrated that overseas results on the radiation-

ind\2ced sprout inhibition of potatoes can be repeated under South African 

conditions. Due to differences in varieties and climate, i t vas generally 

necessary to use higher doses than those recommended in temperate 

climates. Changes in chemical composition are negligible from a 

processing point of view, and a slightly increased incidence of rotting 

can be overcome by preconditioning. The product is s t i l l completely 

suitable for processing into chips, e t c . , even after four months of 

storage. 
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5 . DESCRIPTION OF THE PRODUCT TO BE TREATED BY RADIATION 

Generally speaking» the potatoes should be of good quality 

and can be of either the long or the round type. Varieties vhich are 

thought to be of importance to the processing industry and vhich have 

been studied locally are 'Up-to-Date•, 'R100', 'BP 1», •Pimpernel1 and 

'Van der Planck'. However, other varieties stay be shown to be important 

in the future, or to be more suitable i f the tubers are destined for 

domestic use. I t i s therefore suggested that a l l commercially available 

varieties should be included in the definition of the 'product'. 

Some, but-not a l l , of the varieties in question have been 

studied in animal feeding tests overseas. There i s , however, no 

indication of varietal differences having any effect on the vholesomeness 

of the product. Furthermore, the 1970 Joint FAO/IAEA/WHO Expert 

Committee on the Vholesomeness of Irradiated Food addressed i t s e l f to 

this question and concluded that "Although quantitative differences in 

composition are apparent in different varieties of a crop or in the same 

crop grown in different areas, the basic composition of the crop i s 

likely to be qualitatively similar. Recognising the impracticability 

of requiring evidence of wholesomenes8 for many varieties and to take 

into account regional differences, the Committee therefore decided that 

for irradiated wheat and potatoes i t s evaluations should have general 

applicability to a l l crops, regardless of the variety or the area in 

vhich the crop i s grown". (WHO Technical Report Series, No. 1*51» p 7 ) . 

Consequently, this petition requests clearance for irradiated 

potatoes of all varieties which are currently available on a commercial 

scale. Hew varieties may be included should there be a requirement for 

their processing by radiation in the future. 
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6 . THE NATURE OF THE RADIATION PROCESS 

6 .1 The Source and the Radiation F a c i l i t y 

Any radiation process consists essentially of bringing the 

article to be treated into the environment of a radioactive source and 

exposing i t to electromagnetic radiation (such as gamma rays) for a 

period sufficient for the required dose to be absorbed. The source 

most widely used in radiation processing i s the isotope cobalt-60, which 

emits two gamma rays of energy 1,17 MeV and 1,33 MeV at every disintegra

tion. I t i s usually supplied in the form of a metallic cobalt rod 

which has been radioactivated in a nuclear reactor and then doubly 

encapsulated in non-radioactive stainless steel and sealed in by 

argon arc welding. In this way source pencils from 15 - 5̂ cm long 

are produced; these are stacked it a source frame which usually has 

a rectangular plaque shape and i s capable of holding several hundred 

pencils. The total number of pencils in the frame wi l l depend on the 

specific activity of each pencil, the total activity of the source and 

the geometry of activity distribution required. 

The source wi l l of course have to be shielded by a suitable 

material to prevent the operators and the general public from exposure 

to the radiation. Materials generally used for shielding are concrete, 

water or lead, either separately or in combination. The nature of the 

shielding structure differs widely with the type of process, but the 

most widely used type i s the concrete bunker with wet source storage, 

and i t i s probable that fac i l i t i e s of this type wil l be used for ifood 

irradiation in South Africa. The structure consists essentially of 

a radiation room with massive shielding walls of up to 2 m. In the 

floor there is a deep, water-filled storage pit . The depth of the pit 
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i s usually of the order of 6 m and i s sufficient to provide complete 

shielding when the source frame i s situated at the bottom» thus 

allowing personnel to enter the radiation room to carry out adjustments 

or maintenance. The source frame i s located \etween guide tubes and 

may be raised from the 'safe' to the 'irradiate' position (in which i t 

emerges completely from the pool) by means of an electric winch. 

Location switches are usually provided at various positions on the 

guides to enable an external operator to monitor the position of the 

source. 

Product i s moved in and out of the source room by some form 

of conveyor, operating in a labyrinth passageway. Direct access or 

access along a straight passageway i s not possible due to the high-

radiation f ield which would stream out of the entrance hatch. However, 

with a suitable number of right-angle turns in the passage, the dose 

at the entrance can be reduced to negligible values. Many forms of 

suitable conveyor are possible, one of the most common being an overhead 

monorail from which the irradiation containers are suspended. Movement 

of product about the source can also be effected by means of roller 

conveyors in a frame surrcunding the source. The containers are moved 

through various positions in a complicated geometrical pattern to ensure 

that al l parts of the container receive a nearly equal amount of 

radiation. However, because of the nature of the absorption of radiant 

energy, there is always some variation in the total amount of er. ;rgy 

absorbed in different parts of the container. The ratio of the maximum 

to the minimum absorbed dose i s called the overdosing ratio, the 

existence of which i s responsible for the fact that the dose suggested 

in this petition i s considerably higher than the dose determined as 

satisfactory in the technological studies. 

file:///etween
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Other important aspects of a radiation faci l i ty include the 

following: the provision of interlocks to ensure that i t i s impossible 

to enter the irradiation roon when the source i s exposed or, conversely, 

for the source to be raised when an operator is in the room; the 

provision of fail-safe systems to ensure that the source drops to the 

bottom of the pool i f the electricity supply fails or i f the product 

conveyor mt-nanism fa i l s ; and monitors to detect the escape of 

radioactive material in the unlikely event of a source pencil rupturing. 

6 .2 Process Variables 

The two most important variables in the irradiation process 

are the dose rate (the dose absorbed by the container per unit time, 

which i s determined by the source strength) and the dose which i s 

determined by the conveyor speed for a given source strength. The dose 

required for the treatment of potatoes i s constant regardless of the 

values of other process variables, but the dose rate i s a function of 

the amount of product which has to be treated per unit time. This 

means that the higher the throughput, the faster the product must move 

through the fac i l i ty , and in order to maintain a constant dose rate muat 

be increased by increasing the source strength. Thus i t wi l l be seen 

that although i t i s possible to specify the exact dose required for the 

process, i t i s not possible to specify the dose rate unless the throughput 

is known and constant for a l l time, which i s unlikely in practice. 

Dose rate has, however, no effect on the efficacy of the process, on the 

quality of the product or on the wholesomeness thereof. Similarly i t 

i s not necessary to specify temperature or humidity. Packaging materials 

should, however, be specified, as some are unsuitable for the radiation 

processing of foodstuffs because of the migration of components or 



- 15 -

or radiolysis products from the wrapping to the foodstuff. 

In view of the above considerations, the following specifications 

are proposed for ensuring the correct operation of a potato-irradiation 

facil ity: 

The recommended dose for the effective treatment of the 

varieties of potatoes investigated in this study i s 0.12 kOy (12 000 rad). 

However, because i t seems likely that the overdosing ratio (minimum to 

maximum dose) could be as high as 2 , this requires legislation permitting 

a maximum dose of 0.2H kOy (2k 000 rad). 

Packaging materials should be such that migration of toxic 

materials under the influence of radiation is not possible. Suitable 

materials include jute or hessian sacks, cardboard boxes, or any of the 

plastic materials cleared for use in food irradiation processes by the 

Food and Drug Administration of the United States of America. 

7. WHOLESOMENESS OF IRRADIATED POTATOES 

The complicated and incompletely understood chemical changes 

in food resulting from irradiation do not allow identification of a l l 

chemical compounds which might be a health hazard. Subacute and chronic 

animal feeding tests are considered to be the only approach for detecting 

the presence or absence of dangerous compounds under these circumstances. 

Protocols for subacute tests have required the feeding of control and 

irradiated foods to animals at approximately 35 % of total dietary solids 

for 10 % of their l i f e span. The subacute test i s considered to 

constitute a significant challenge to detect an abnormal physiological 

response. The chronic study i s generally of two years' duration and 

employs a larger animal population, usually with more than one species. 
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Subacute and chronic studies yield information on growth, food 

efficiency, haemotology, enzyme function, toxicity, carcinogenicity, 

urine analysis, gross pathology and hist ©pathology. The chronic 

studies also measure reproduction, lactation and longevity. 

The use of data from such animal feeding studies for accepting 

foods for human consumption represents an extrapolation, but, as i t i s 

impossible to carry out similar studies with humans, there i s no 

alternative. However, i t i s generally agreed that the absence of a 

toxic or carcinogenic effect in a well-designed animal feeding study 

provides an acceptable basis for confidence that no problem wi l l arise 

through consumption of the food by man. 

7 .1 D e f i n i t i o n of Wholesomeness 

Tie concept of wholesomeness used in this petition i s that 

wholesomeness i s measured by major biological end points. Thus a food 

i s considered wholesome i f long-term feeding to animals does not 

* (a) lead to the development of previously unreported disease 

entities or to increased incidence of known diseases; 

(b) cause shortening of. l i f e span; 

(c) cause reduction in growth or in growth rate; 

(d) cause reduction in fert i l i ty of animals of either sex; 

(e) cause reduction or cessation of lactation; or 

(f) produce mutagenic or cytotoxic effects. 
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7.2 Sources of Data Used I n t h i s P e t i t i o n 

Hie biological data summarised in this section are derived 

from the following sources: 

( i) The data submitted by the US Army to the Food and Drug 

Administration in 1963. 

( i i ) The data reviewed by the 1969 Joint FAO/IAEA/WHO Expert 

Committee which met in Geneva from 8 - 1 2 April 1969 to consider the 

wholesomeness of certain irradiated products. 

( i i i ) The data reviewed by the WHO Consultation which met in 

Geneva from 29 April - 3 Hay 1971» to assess progress in research being 

carried out to meet the requirements laid down by the 1969 Committee 

for further work. 

(iv) The final reports issued by the International Project 

in the Field of Food Irradiation concerning work commissioned by the 

Project and designed to provide the additional data required by the 

1969 Committee. 

(v) Additional data which have recently become available 

from Spain, Sweden, Czechslovakia, Russia and Japan and which are not 

included in the above references. 

7 .3 N u t r i t i o n a l Qual i ty of I rrad ia ted Potatoes 

Ascorbic Acid 1 Irradiation may cause some slight loss 

of vitamin C during and immediately following irradiation (1] , [ 2 ] . 

The loss i s proportional to the radiation dose [ l l , [3 l> With 0,10 kGy 

some workers have observed losses of up to 15 % in ascorbic acid l l ) , l M , 

while others have observed no losses (5 J. Most of the in i t ia l loss of 
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ascorbic acid can be restored by boiling {3]. The main cause of loss 

of ascorbic acid in potatoes i s storage, and after prolonged storage of 

It - 9 months there i s no difference in ascorbic acid content between 

unirradiated and irradiated potatoes [ l ]»[b] . 

Carbohydrates: The immediate effect of irradiation i s 

an increase in reducing sugars and sucrose [6 ] , [7 ] . The behaviour of 

the sugar content during subsequent storage depends on temperature; 

low-temperature storage (k C) results in restoration of the in i t ia l 

condition so that after hi months the sugar content of irradiated 

potatoes i s comparable to that of the control potatoes. At higher 

storage temperatures irradiated potatoes continue to have a higher sugar 

content with a correspondingly lower starch content [6] , [9] . I t has 

been suggested that the formation of deoxy glucose from starch by the 

action of irradiation [9] might be used to detect whether or not potatoes 

have been irradiated with doses in the 0,10 kOy - 0 , 1 5 kGy range. 

Pro te in : Irradiation with doses up to 0,20 kGy does not 

significantly alter the amino acid composition of potato proteins Í3Í , l l0 ] , 

Shortly after irradiation, the concentration of certain free amino acids 

may alter significantly - the concentrations of proline, aspartic acid 

and other aliphatic amino acids increase, while those of the basic 

amino acids and glutamic acid decrease. However, after 105 d storage 

there were no differences in the content of free amino acids between 

control and irradiated potatoes Í10] ,[11],[12]. 

General: Gamma radiation at' a dose of 25 kGy has been 

used for many years in the United Kingdom and other countries for the 

sterilisation of laboratory-animal diets intended for specific pathogen-

free colonies. To date several thousand tons have been processed and 
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the animals have lived as ve i l or better on this then those fed 

heat-sterilised diets. As ve i l as illustrating the effectiveness of 

irradiation, this application gives evidence of the non-toxicity of -

irradiated whole diets even when the dose i s very high (more than 100 

times that required for potatoes). In specific studies over several 

generations, further evidence has been provided that vitamin losses and 

other degradative changes were less in the irradiated than in the 

heat-treated diets [13],{1U]. 

7 .4 Short-Term Feeding S tud ie s 

Rat: Two groups of ten rats were fed 10 g daily of raw, 

unpeeled potatoes, vhich were either untreated or irradiated vith 0,09 

kGy at a very low dose rate of less than 0,0001 kGy. Ingestion of 

irradiated potatoes had no demonstrable effect on growth, blood and 

urine analysis, or on the reproductive performance of the animals [1$]. 

Groups of 1U male and lU female weanling rats were, during a 

period of Uo d, fed diets containing 53 % of raw potatoes vhich were 

either untreated or irradiated vith 2 kGy of v-radiation. The high 

potato content of the diet made i t unsuitable for rats, but the 

physiological disturbances that resulted were rectified by the addition 

of hay and straw dust to the diet. Growth was comparable in both 

groups. Four males and ten females from each group were mated and the 

number of offspring per l i t t e r was normal. During the lactation period 

the potato diet vas replaced by a diet of higher protein content. The 

potato diet vas subsequently fed again during the production of second 

l i t t e r s , vhich were also comparable in both groups vith respect to l i t t e r 

size. Careful histological examination of the testes from seven males 

per group to assess the activity of the germinal epithelium revealed no 
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differences between the groups. Haemoglobin and haematocrit values 

were similar in both groups 116]. 

In an uncompleted long-term experiment, two groups of 30 male 

and 30 female rats were fed a diet containing 72 % dried potatoes which 

were either untreated or irradiated with 0,10 kGy using a high-energy 

electron beam. After one year there were no differences between the 

groups with respect to weight gain and protein efficiency ( l7 l . 

Groups of ten rats were fed during 1*3 d on a diet containing 

75 % dehydrated potatoes prepared from either untreated material or 

potatoes irradiated with 0,08 kGy of Y-irradiation. Although there 

was a small increase in the digestibility of dry matter and nitrogen-

free extracts, the treatment decreased the total digestive nutrients 

and net energy per kilogram of dry substance. However, the authors 

concluded that the "irradiation of potatoes with a dose of 0,08 kGy 

did not affect their acceptability by rats , nor the digestibility of 

the protein or the digestibility of other nutrients we have studied. 

Radiation increased the biological value of potato protein, but this 

effect was qualitatively small. The longer the storage, the lover the 

protein quality of irradiated and non-irradiated potatoes. The decrease 

in protein quality due to storage was bigger in non-irradiated potatoes 

and so, after a period of 20$ d of storage, protein quality was the 

same in irradiated and non-irradiated potatoes" [18]. 

In a series of experiments involving 350 rats at doses between 

0,10 and 0,1k kGy of gamma radiation and with occasional use of 2 kGy 

to exaggerate any effect , no toxic influence of the irradiated-potato 

diet could be shown. A slightly more rapid growth rate in animals fed 

irradiated potatoes was observed as compared to the control group, but 

the difference was not stat ist ical ly significant [19] . 
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Three groups of 70 male and 70 female rats of an Fl generation 

(derived from a treated Fo generation) vere each reared continuously 

on one of the following diets: standard laboratory chov, diet containing 

35 % peeled, cooked irradiated or non-irradiated potatoes. The rats 

vere fed their diets for 16 weeks before mating, and subsequently 

throughout mating and pregnancy. Females were weighed throughout 

pregnancy, and after parturition the young vere examined for external 

abnormalities end weighed. The offspring were also examined for skeletal 

and soft-tissue anomalies. I t was observed that th-* l i t t e r weight in 

the irradiated group was greater than that of the commercial-diet group, 

and that there were more females in the l i t ters of the irradiated groups, 

«either of these factors was considered to be of biological significance. 

In a l l other respects growth and reproductive performance were similar 

for both potato diets , and weight gains in the F1 generation were similar 

in a l l groups [20]. 

In the same experiment, ten F2-generation rats fed from infancy 

to 15 weeks of age on the experimental diets were each mated with 

different sets of four untreated females on each of four consecutive weeks. 

Approximately 15 d after their presumptive mating, the females were 

sacrificed and the number of corpora lute a, implantations, viable embryos 

and early as well as late embryonic deaths, were determined. No 

differences in implantation and post-implantation losses vere observed (20). 

OtLar F2-generation rats in the same experiment were studied 

to evaluate chromosomal abnormalities. The rats vere killed at the 

age of 22 d, and seminiferous tissue anaphase preparations vere examined 

for chromosomal aberrations. No changes vere observed (20]. 
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In a teratology study, female rats were after overnight mating, 

randomly allocated to three groups fed diets containing 35 % peeled 

and cooked potatoes,irradiated with 0, 0,12 and 0,50 kGy of gamma 

radiation respectively. The rats were fed mixtures of these diets 

added in increasing quantities to their normal diet until day 5 of preg

nancy - from day 6 to day 20 they were fed the potato diets exclusively. 

Bo differences were observed in the number of corpora lutea, number of 

viable young, number of resorption s i t e s , l i t t er weight and the incidence 

of foetal abnormalities in skeletal and soft tissue when the rats were 

sacrificed on day 20 [20]. 

Mouse: Three groups of 30 male and 30 female mice (k weeks 

old) each received one of the following diets: a basal diet, a diet 

containing 35 % unirradiated potatoes, and a diet containing 35 % 

Y-irradiated potatoes (0,10 to 0,12 kGy). After ten weeks the Po mice 

were mated on five occasions. The 1b generation was used to breed 

three successive generations. Body weight, food consumption, mortality 

and jQumber of viable young were unaffected by the consumption of 

irradiated potatoes in the diet [21] . 

In another study, groups of 50 male and 50 female mice were 

each fed for 90 d on diets containing 33 % raw potatoes irradiated to 

0,05, 0,10 and 0,15 kGy. A control group was fed a similar diet 

containing unirradiated potatoes. No adverse effects were noted when 

growth, food intake, haematology or gross and histological appearance 

of tissues were studied [22],[23]. 

In a reproduction study, three groups of mice, each consisting 

of 18 males and 23 females, were respectively maintained on a normal 

laboratory die;» a diet containing 35 % unirradiated potatoes, and one 
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containing 35 % irradiated potatoes (0,60 kQy). Half of the pregnant 

animals of each group vere sacrificed on the 18th day of gestation for 

the teratologics! studies of the foetuses, and the remainder vere 

allowed to l i t t e r naturally. The same procedure vas applied to F1 and 

F2 animals, vhile the F3 animals were sacrificed at veaning. During 

this period a l l three diets vere given to both sexes after veaning, and 

to female animals during the period of gestation and lactation. No 

significant effects ascribed to the consumption of irradiated potatoes 

vere noted in the fer t i l i ty , l i t ter s ize , growth and mortality of the 

offspring of each generation. Neither vas there any effect on the 

incidence of foetal mortality or abnormalities Í2U]. 

Dog: Six dogs received 200 - 300 g of cleaned and boiled 

potatoes daily during a period of eight months. Half the dogs vere 

fed potatoes irradiated with 0,M>5 kGy of gamma radiation. All the 

dogs fed irradiated potatoes thrived, and their body weights vere 

comparable to those of the control dogs. Red- and white-cell counts, 

reticulocyte count, blood enzyme levels , glucose-tolerance curves, 

prothrombin times, serum cholinesterase, serum albumin and urine analysis 

vere normal. Post-mortem examination showed liver fat and l ipid 

phosphorous to be present in normal amounts. No abnormalities vere 

found on microscopic or macroscopic examination of heart, lungs, l iver, 

kidneys, brain, spinal cord, spleen, pancreas, stomach, intestine, 

urinary bladder or gonads 115J • 

Three groups of tvo male and tvo female beagles vere fed for 

101 weeks on diets in vhich potatoes formed 35 % of the dry-matter 

content. The groupe were fed potatoes irradiated with 0, 0,07 and 

0,1U kOy of Y-radiation respectively. The potatoes, including peelings, 
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were cooked and mashed for incorporation in the ration. Body weights 

were comparable in dogs fed control and irradiated potatoes, hut the 

diet was suboptimal for growth and the dogs did not attain the normal 

adult weight. Attempts to mate the animals were unsuccessful in a l l 

groups. X-ray examinations of long bones and haemotological analyses 

performed at regular intervals revealed no differences between the 

groups [25] . Histological specimens from the dogs used in this study 

were examined by independent workers, who concluded that the lesions 

observed, which vere few and generally of a mild nature* were probably 

unrelated to the ingestion of irradiated potatoes [26]. 

P i g : Two groups of pigs , each containing five males and 

one female, vere fed on a feed concentrate containing potatoes cooked 

by steaming. One group received untreated potatoes, the other potatoes 

treated with 0,10 kGy of gamma irradiation. The pigs were 11 weeks old 

at the start of the study and were maintained on the ration for 13 weeks. 

Growth and feed conversion were comparable in both groups.. Blood 

samples taken at six-weekly intervals revealed no effect on haemoglobin, 

blood urea, non-protein nitrogen, plasma specific gravity or plasma 

cholesterol (27)• 

One male and three female pigs, aged 3 - 1» years, were fed 

daily for U months on U kg of potatoes which had been irradiated with 

0,lU - 0,15 kGy of gamma radiation, while one male and one female vere 

fed untreated potatoes. In addition, both groups daily received 2 kg 

of feed concentrate. The pigs were bred, but the number of l i t ters 

born was too small to permit any conclusions to be drawn. However, 

the general health was satisfactory and, when the animals were slaughtered, 

those lesions that were observed occurred to a similar degree in both 
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groups. Biochemical investigations on back fat and liver revealed no 

consistent differences between the two groups [161 

In another experiment, two groups of two male and four female 

piglets were raised to maturity on a ration of concentrates supplemented 

with 0,5 - 3,5 kg of potatoes daily, depending on the age and energy 

requirements of the animals. One group received untreated potatoes and 

the other potatoes irradiated with 0,lU - 0,15 kGy of gamma radiation. 

There was no effect on fer t i l i ty , number of offspring born or mean 

weight of offspring. The piglets were healthy and grew normally; tvo 

offspring from each group were fed-control or irradiated pot'toes until 
* 

they reached 90 kg live-weight, without adverse effects on growth or 

haemoglobin i l l ] . 

Five pigs fattened from 25 kg to 90 kg live-weight on irradiated 

potatoes appeared to have a higher haemoglobin content than pigs fed 

unirradiated potatoes [16J. In a second experiment, therefore, larger 

groups consisting of seven male and eight female pigs were fattened on 

a ration of feed concentrates with 0,5 - fc kg of potatoes per pig per 

day, according to age. One group received potatoes irradiated with 

0,lU - 0,15 kGy and the other was fed untreated potatoes. Haemoglobin 

values were ini t ia l ly comparable in both groups. Although haemoglobin 

values appeared to increase at a faster rate in certain pigs fed 

irradiated potatoes, the effect was not consistent throughout the group. 

There was no significant effect on growth or on the white- and red-cell 

counts when measured at two-week intervals. Plasma glutamic-oxalacetic 

transaminase, glutamic-pyruvic transaminase and ornithine-carbamoyl 

transferase act ivit ies , measured at intervals, were similar in both 

groups. Gross and histopathological examinations of various organs 

revealed no lesions attributable to the ingestion of irradiated potatoes. 
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The quality of the bacon and the thickness of the back fat were similar 

in both groups I 111. 

7.5 Long-Term Feeding Studies 

Rat: In a long-term study extending over 13 - l1» months, 

two groups of rats were fed 10 g of unpeeled raw potatoes daily - one 

group vas being fed untreated potatoes and the other potatoes irradiated 

with 0,1465 kGy. All rats thriyed normally, and mortality vas comparable 

in the tvo groups. Growth, red- and white-cell counts, haemoglobin, 

reticulocyte count, blood enzymes, glucose tolerance, prothrombin times, 

serum cholinesterase * serum albumin and uxine analysis were a l l normal. 

Reproductive performance as assessed by l i t t er s ize , birth weight and 

the morphological development of the offspring, were comparable in the 

test and control group. Twelve offspring in each group were selected 

at weaning and studied for one year while on a diet of irradiated 

potatoes; no abnormalities were noted. On post-mortem examination 

no significant changes were observed in the organs 115 J . 

Potatoes irradiated with doses of 0,135 - 0,2C kGy and 0,27 -

0,1*0 kGy of gamma radiation were fed to rats as 35 % of their diet for 

two years and through four successive generations. The skins and eyes, 

as well as the whites, were included in the diet, and the potatoes were 

cooked by steaming before feeding. Init ia l ly , 25 male and 25 female 

rats were fed potatoes treated at each irradiation level. Another 

group was fed a similar diet containing untreated potatoes. Corresponding 

animals in each group were littermates. Twenty females in each group 

were bred from the second l i t t e r s , and 25 males and 25 females per group 

were selected to form the next generation. This procedure vas repeated 

until four generations had been studied. Females fed low-dose irradiated 
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potatoes had the lowest fert i l i ty and the highest resorption rate. 

However, since there vere no differences in fert i l i ty between the control 

group and the group fed high-dose irradiated potatoes, i t vas concluded 

that the differences observed in the low-dose group vere anomalous. 

There vas no effect on l i t t e r size or pre-veaning survival of pups. 

In the third generation the average weight of pups in the high-dose 

gro\ip vas less than that for the other groups - no similar effect vas 

observed in the f irst or second generations. Growth and food efficiency 

vere comparable in a l l groups, although a slight but significant increase 

in body veight vas noted in first-generation females in the lov-dose 

group at 2k weeks and subsequently; this effect vas, however, not 

apparent in the second and third generations. Haemotological examinations 

at U, 10 and 18 months vere normal. Although the mortality rate of 

male and female rats fed irradiated potatoes in the f irs t and second 

generations vas consistently slightly higher than that of control rats, 

the differences were not statistically significant. The higher 

mortality observed appears to be related to a greater incidence of 

respiratory disease in rats fed on irradiated potatoes. The ratio of 

lung to body veight vas lower in males in the high-dose group, and in 

females in the lov-dose group; lung weights in females in the high-

dose group vere comparable to lung veights of control females. 

Relative spleen weights vere lover in females in the lov-dose group, 

but not in those in the high-dose group. There vere no effects on the 

weights of the heart, kidney, l iver or testes . Coronary arteriosclerosis 

and focal myocarditis vere reported more frequently in rats fed 

irradiated potatoes than in rats fed either untreated potatoes or 

laboratory chow. Bronchiectasis with associated pneumonitis and 

abscesses vas also more frequent in rats fed irradiated potatoes than 
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in the control groups. Other pathological lesions occurred with 

approximately equal frequency in a l l three groups. The frequency of 

malignant tumours vas similar in the control and test groups. In the 

low-dose group, a total of 37 benign tumours vas counted as compared 

vith 26 in the control group, but only 22 were noted in the high-dose 

group [28] . 

An independent group of pathologists who examined histological 

preparations from animals used in the abovementioned study reported 

slightly different findings. They found that the percentage of animals 

vith benign tumours in the control, lov-dose and high-dose groups vas 

89, 88 and 88 respectively, while the percentage of animals vith malignant 

tumours vas U8, kO and 30 respectively. A higher incidence of nephritis 

vas observed in males in the high-dose group than in those in the control 

and low-level groups, and a higher incidence of major lesions of the 

testes than in control rats occurred in rats of both groups fed irradiated 

potatoes [291. 

In another four-generation study on rats, the effects of 

feeding diets containing 35 % potatoes irradiated at 0,075 - 0,085 or 

0,15 - 0,17 kGy of gamma radiation were assessed by comparison vith a 

similar diet containing untreated potatoes. The potatoes, including 

the skins, were cooked by steaming before incorporation into the diet. 

During the experiment some of the control potatoes sprouted, and were 

inadvertently used as feed on at least one occasion, with consequent 

alkaloid poisoning. This resulted in a high incidence of st i l lbirths 

and a high neonatal mortality. The ini t ia l generation comprised 26 male 

and 26 female rats in each group, and the animals were maintained on 

the diets for two years. Subsequent generations comprised 20 males and 
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20 females selected from the second l i t t e r at weaning, except for those 

of the fourth generation which were sacrificed at weaning l30l . There 

were no unusual findings and there were no significant differences 

between control and irradiated-diet rats. Approximately 35 % of the 

females developed mamary tumours but this i s within the expected range 

for Sprague-Dawley rats on a moderately high (12 %) fat diet. Other 

pathology was consistent with the ageing process. 

A group of pathologists who made an independent examination 

of histological material from this investigation reported that the only 

significant findings were an apparently higher incidence of congestion 

or oedema of the spleen and, in the high-dose group, occasional minor 

lesions (granuloma, haemosiderosis or hyperplasia in the mesenteric 

lymph nodes). Also significant was the fact that more females in this 

group had minor parenchymal changes in the l iver than in the control 

group [31]. 

In an investigation involving an Fo generation of 70 male and 

70 female rats per group, the following diets were fed: a standard 

commercial diet, a diet containing 35 % peeled, cooked potatoes (unirra

diated) and another containing potatoes irradiated with 0,12 kGy of 

gamma radiation. The F1 offspring, 30 male and 60 female rats per 

group, derived from as many l i t ters as possible, continued to be main

tained on the diets until they were sacrificed at approximately 10U 

weeks of age. During their l i f e the fer t i l i ty and general reproductive 

performance were studied over six reproductive cycles, and no significant 

differences were noted. Body-weight gain of F1-generation animals was 

comparable for al l groups during the rapid-growth phase, vhile thereafter 

weight gains of groups fed potato diets were significantly lower than 

that of the group fed the standard diet. There was no significant 
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difference between the groups fed irradiated and non-irradiated diets . 

Cumulative mortality rates vere greatest for the *standard' group and 

lowest for the 'irradiated' group. Longevity, expressed either as 

average lifespan of the time to reach 25 % mortality, was also greatest 

for the 'irradiated' group. None of the differences, however, attained 

stat is t ical significance. Post-mortem examination of sporadic deaths 

and animals kil led at termination revealed no pathological changes 

specifically related by type or incidence to any specific diet. In 

particular the tumour profile was comparable for a l l groups and 

consistent with the pattern usually found in rats of this strain and 

age. The only significant difference to emerge from the terminal 

examinations was a higher absolute and relative l iver weight in the 

'standard' group - there was no difference, however, between the 

'irradiated' and 'non-irradiated' groups [20] . 

Five successive generations of rats were maintained on diets 

containing potatoes irradiated with high-energy electrons to a dose of 

0,30 kGy and then boiled. A total of 160 rats fed irradiated potatoes 

were compared with 16T rats fed untreated potatoes at a daily dose of 

10 g potatoes per rat per day. The parent generation was maintained 

for i t s natural lifetime (27 months), while other generations were kept 

for 18, 15» '2 or 6 months respectively. No differences between 

groups were observed for the following parameters: growth, protein 

content of blood, serum and liver butyryl cholinesterase, l iver succinic 

dehydrogenase, l iver protein content, ascorbic acid content of adrenals, 

or relative organ weights for l iver , adrenal or testes. Changes 

observed at autopsy due to non-specific diseases were slightly higher 

in the control group. In reproductive studies, f er t i l i ty , l i t t e r s ize , 

incidence of st i l lbirths and mortality of offspring were similar in both 
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groups. Spermatozoal activity and oestrus cycle length were similar 

in both groups [32]. 

Five groups of 30 male and 30 female rats were respectively 

maintained on the following diets: normal laboratory diet; diet '•• 

containing 35 % of untreated potatoes; and diets containing potatoes 

treated with 0,15$ 0,30 or 0,60 kGy. This investigation continued for 

two years and the only significant findings were slight growth 

suppressions seen after about 55 weeks in the groups of females fed 

with potatoes irradiated to 0,30 and 0,60 kGy, and a decrease in the 

weight of ovaries, without any histological alteration [2k], 
* 

Mouse: Three groups, each containing 75 male and 75 

female mice, received one of the following diets over a period of two 

years: a basal diet , a diet containing 35 % unirradiated potatoes (as 

mashed potatoes), and a diet containing 35 % irradiated(3,10 - 0,12 kGy) 

potatoes (as mashed potatoes). Groups of 30 males and 30 females from 

this study were used as an Fo generation in a three-generation reproduction 

study, but were returned to the long-term study after weaning of their 

l i t t er s . 

Haematological examinations were performed on al l mice surviving 

at 2k months, and the heart, l iver, spleen and kidneys were weighed at 

autopsy. All tissues that appeared to be abnormal on gross examination 

were examined histopathologically. The overall conclusion of the study 

was that no adverse effects on either reproductive function or on 

carcinogenic potential could be attributed to the irradiated-potato 

diet [21]. 

Five groups of mice, each consisting of kO males and kO females, 

were respectively maintained for 21 months on one of the following diets: 
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the normal diet (negative control), and diets containing 35 % of potatoes 

irradiated with 0 (positive control), 0,15, 0,30 and 0,60 kGy. 

Parameters of toxicity included growth, food consumption, mortality, 

organ weight, gross- and histopathology and tumour incidence. Ho i l l 

effects ascribed to the consumption of irradiated potato were observed, 

though some effects on the growth of the females and weights of some 

organs due to the addition of potato (irradiated and unirradiated) to 

the diet were noted [2k], 

Monkeyt Two groups, each containing three male monkeys 

(Macaca mulatta), were respectively fed diets: containing 35 % (dry 

weight) or untreated and irradiated (0,60 kGy) potatoes for six months, 

and no i l l effects were noted [2k]. 

7 .6 Conclusions 

There i s overwhelming evidence from both long- and short-term 

studies on rats, mice, dogs, pigs and monkeys, that the consumption of 

irradiated potatoes does not change the disease spectrum in the animals, 

shorten their lifespan, cause any changes in growth, cause reduction in 

f er t i l i t y , or produce carcinogenic, mutagenic or teratogenic effects. 

As a result, the irradiation of potatoes i s now permitted in 

a number of countries, as shown in the following Table. 
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National Clearance for the Human Consumption of 

Irradiated Potatoes 

Country 

USSR 
Canada 
USA 
Israe l 
WHO* 
Spain 
Hursary 
Denmark 
Netherlands 
Uruguay 
Japan 
Fhillipines 
France 
Bulgaria 
Italy 
Germany 

Type of radiation 

60, 
60 

Co/1 MeV electrons 
Co 

6 ° C o / 1 3 7 C s 
6°Co 
6 0 C o / 1 3 7 C s 
60, 
60 

Co 
Co 

10 MeV electrons 
60, 
60 
60 
60 
60 
60 

CoA MeV electrons 
Co 
Co 
Co 
Co 
Co 

6°Co/ 1 3 7Cs 
60 Co 

Date of Approval 

1U March 1958 
1U June 1963 
1 November 1965 
5 July 1967 

12 April 1969 
1» November 1969 

23 December 1969 
27 January 1970 
23 March 1970 
23 June 1970 
30 August 1972 
13 September 1972 
8 November 1972 

30 April 1972 
30 August 1973 
26 September 1971* 

* Temporary acceptance unt i l 30 April 1971» recommended. Additional 
evidence required on reproductive function and carcinogenicity in second 
spec ies . A WHO Consultation held in Geneva on 29 April 1971» concluded 
that the requirements concerning reproductive function had been f u l f i l l e d . 
Since then f ina l resul ts on the assessment of carcinogenicity in mice have 
become avai lable . Consequently unconditional clearance i s expected in 
the near future. 

8 . THE POSSIBILITY OF INDUCED RADIOACTIVITY IN IRRADIATED 
FOODSTUFFS 

When food i s irradiated at certain energy l e v e l s , there i s a 

p o s s i b i l i t y that radioactivity w i l l be induced in some atoms of the food. 

When the energy l eve l of the radiation i s below 10 MeV, non of the major 

elements in food (carbon, hydrogen, oxygen, nitrogen, phosphorus and 
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sulphur) becomes radioactive. It i s nevertheless recognised that 

certain of the elements present in trace amounts are liable to become 

radioactive at energy levels below 10 MeV. In actual practice, 

however* the increase in radioactivity above the natural background 

level has been found to be too small to measure when representative 

foodstuffs have been irradiated with steril is ing doses of radiation at 

energy levels up to 10 MeV [33] . 

General searches for any mode of activation by cobalt-oO 

irradiation, which has a maximum photon energy component of 1,33 MeV, 

have been carried out on various foods and have failed to detect any 

induced activity, although the activity due to potassium and other 

naturally occurring elements was easily measured f33),t3b]. 

In another study, the measurements showed that no detectable 

activity was induced in fish and meat samples irradiated at ten times 

the proposed dose level. Levels which could have been detected 

represented, at most, 10 times the Maximum Permissible Concentrations 

(MPC) of various radionuclides in public drinking water as recommended 

by the International Committee on Radiological Protection. From 

theoretical considerations i t was also concluded that the total induced 

activity i s lower by an in i t ia l factor between one and ten million than 

that present naturally. A further reduction in activity of at least 

a hundred occurs over two or three days, due to the short half-lives 

of many of the potentially present active species. It was concluded 

that i f all food were to be irradiated at Mrad leve ls , the consequent 

increase in activity ingested over a lifetime would probably be less than 

that contained in a gram of average food, or in a few milligrams of a 

potassium salt (35l. 
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9 . LICENCING REQUIREMENTS 

At the present moment there i s no generally accepted method 

by vhich i t can be determined whether potatoes have been irradiated or 

not. This situation could vei l change in the near future as 

considerable research i s being directed at the changes vhich take place 

under irradiation, and more specifically at those vhich are unique to 

radiation processing. However» at present i t would seem that licensing 

of the facil ity in which the irradiation takes place i s the only feasible 

method of enforcing legislation. Thus the use of a radiation faci l i ty 

for the treatment of food intended for distribution for public consumption 

should be permitted only after the appropriate government authority has 

granted a license for the use of the plant for such purposes. Furthermore, 

a licence should stipulate that the plant be operated by suitably qualified 

personnel in accordance with the regulations governing the process. 

In addition, the relevant operational details of the plant, 

such as conveyor speed, amount of food treated and the period of time 

the radiation source has been in use, should be maintained as a permanent 

record. This i s to ensure that the specified radiation dose is received 

by the food with the required degree of uniformity. Uniform radiation-

dose distribution is required in order that no part of the food being 

treated will be under- or over-irradiated; too low an absorbed dose of 

radiation would fa i l to achieve the required objective, while too hich 

a dose would exceed the permitted level of treatment. Monitoring of 

the process should be by means of internationally accepted dosimeters 

such as the following: 

( i ) The Fricke Dosimeter, which i s based on the radiation-

chemical conversion of ferrous to ferric ions in aqueous solution. This 
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generally regarded as the most 'standard' of the various dosimeters and 

should be used for primary calibration of a faci l i ty. The dosimeter 

suffers from the disadvantage of having to be carefully handled in 

glass ampoules, and i t also requires care and sk i l l i f i t i s to give 

reliable results. Generally speaking i t s preparation and measurement 

i s too laborious for large-scale work, and hence other more practical 

dosimeters have been developed. 

( i i ) Hie Bed Perspex Dosimeter, which i s based on a colour 

change which takes place when red Perspex pellets or strips are expired 

to radiation. The dosimeters, which take up l i t t l e space and are easy 

to handle, may be placed in various positions in the irradiation 

container. The relationship between colour change and the dose absorbed 

i s determined by means of a standard dosimeter such as the Fricke, and 

measurement i s either by means of a normal spectrophotometer or a 

purpose-built dosimeter reader. These dosimeters are well suited for 

routine measurements during plant operation and can be used over a wide 

range of doses. 

( i i i ) Radiation Detector Labels have been developed in the form 

of small adhesive discs which show a marked change in colour after a 

certain dose of radiation has been absorbed. While these labels do not 

give a quantitative measure of the radiation dose, they may be attached 

to each package before irradiation as a means of establishing whether 

the package has been irradiated or not, thus avoiding confusion between 

treated and untreated packages, 

(iv) Although of general use in radiation processing, neither 

( i i ) nor ( i i i ) i s particularly suitable for monitoring a potato-irradiation 

process because they are rather insensitive at the low doses employed. 
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I t i s expected that new dosimeters developed at present being wil l be 

'more acceptable. These include dyed polyvinyl alcohol films, dyed 

polystyrene strips and glass dosimeters. 

10. APPLICATION FOR CLEARANCE 

In view of the overwhelming evidence of the vholesomeness of 

irradiated potatoes presented in this petition, the Department of Health 

i s requested to issue regulations allowing the unlimited sale for human 

consumption of radiation-processed potatoes. These regulations should 

be applicable to a l l varieties of potatoes vhich are commercially 

available, and should be limited to a maximum dose of 0.2U kGy. The 

irradiation should be carried out only in authorised faci l i t ies in which 

stringent control of the process can be exercised by trained operators. 

i 
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l l . APPENDIX 

MINISTERIE VAN GESONDHEID 
MINISTRY OF HEALTH 
Privaatsak X399 
PRETORIA 
0001 
IO-I-1977 

Ingevolge Goevermentskennisgeving R172 van 8 Februarie 1972, 

uitgevaardig kragtens artikel 15(1) van die Vet op Voedingsmiddels, 

Skoonheidsmiddel8 en Ontsmettingsmiddels, 1972 (Wet 51» van 1972), 

verleen ek hiernee goedkeuring vir die verkoop van 'bestraalde aartappels 

in die Republiek van Suid-Afrika. .Die verkoop en bestraling van die 

aartappels i s onderworpe aan die volgende voorwaardes: 

(1) Die aartappels bestraal vord net 'n dosis van 0,12 - 0t2U kGy. 

Die 0,2l» kGy dosis nag nie oorskry vord nie. 

(2) Die bestraling plaasvind by die kobalt-60-aanleg te Pelindaba 

onder toesig van anptenare van die Raad op Atoonkrag. 

(3) Elke bestraalde lot aartappels van 'n identifikasiekode voorsien 

vord. 

(U) 'n Register gehou vord vaarin die kGy-dosis van elke lot bestraalde 

aartappels net sy idenJ;ifikasiekode aangeteken moet vord. 

(5) Die Hoofstralingsinspekteur van die Departement van Gesondheid in 

sameverking met personeel van die Raad op Atoomkrag die register 

inspekteer. 

S.W. van der Merve 
MINISTER VAN GESONDHEID 



MINISTRY OF HEALTH 
Private Bag X399 
PRETORIA 
0001 
19-1-1977 

In accordance with Government Notice R172 of 8 February 1972, 

promulgated under section 15(1)-of the Foodstuffs, Cosmetics and 

Disinfectants Act, 1972 (Act 5^ of 1972), I hereby grant approval for 

the sale of irradiated potatoes in the Republic of South Africa. The 

sale and irradiation of the potatoes are subject t o the following 

conditions, v i z . that 

(1) the potatoes be irradiated with a dose of 0,12 - 0,2U kGy. 

The 0,2l* kGy dose may not be exceeded; 

(2) the irradiation take place at the cobalt-60 facil i ty at 

Pelindaba under the supervision of officials of the Atomic Energy 

Board; 

(3) each irradiated lot of potatoes be provided with an 

identification code; 

(b) a register be kept in which the kGy dose of each lot of 

irradiated potatoes, together with i t s identification code, 

i s recorded; 

(5) the Chief Radiation Inspector of the Department of Health, 

in cooperation with staff of the Atomic nergy Board, 

inspect the register. 

S.V. van der Verve 
MINISTER OF HEALTH 

Certified accurate translation 
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