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ABSTRACT 

 
Food processing allows significant reduction in the radionuclide contamination of foodstuffs. The effects of 

processing on contaminated food depend on the radionuclide, the type of foodstuff and the method of 

processing. The effectiveness of radionuclide removal from raw material during processing can vary widely; 

however, processing of raw materials of vegetable and animal origin is often considered one of the most 

effective countermeasures for reducing the radioactive contamination of the foodstuff to or below permissible 

levels, and can be applied both domestically and in industrial processing of food. The food processing retention 

factor, Fr, is the fraction of radionuclide activity that is retained in the food after processing; it is obtained by the 

product of two quantities, the processing efficiency, Pe, that is the ratio of the fresh weight of the processed 

food to the weight of the original raw material, and the processing factor, Pf, that is the ratio of the radionuclide 

activity concentrations in the processed and in the raw material. The objective of this work was to investigate 

the effect of the reduction in dose due to food processing after a nuclear or radiological accident. Radionuclides 

considered were Cs-137, Sr-90 and I-131. The effect on total diet of individuals was investigating for a typical 

diet of the Southeast region, where the Brazilian Nuclear Power Plants are located. The effect was analyzed 

considering the use of the processing technologies after contamination events occurring in different seasons of 

the year.   

 

 

1. INTRODUCTION 

 

The concentration of radionuclides in food can be affected by food processing activities, such 

as radionuclide extraction during boiling, removal of certain parts of the raw food (e.g. bran, 

peel, shell, bone) and drying or dilution. Neglecting radionuclide losses during food 

processing can lead to overestimation of the calculated dose. The effects of processing on 

contaminated food depend on the radionuclide, the type of foodstuff and the processing 

method. The effectiveness of radionuclide removal during processing can vary widely; yet, 

processing of raw materials from vegetable and animal origin is often considered the most 

effective countermeasure for reducing the radioactive contamination of the foodstuff and can 

be applied both domestically and in industrial processing of food [1]. 
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Previous studies have shown that the concentration of radionuclides released from an 

accident is strongly dependent on seasonal aspects of the deposition as each crop has its own 

planting and growing periods along the year [2].    

 

Also, the decision moment on processing the food is important to determine the dose 

reduction due to the dynamics of environmental processes involved the concentration of 

radionuclides in plants. For example, it has been observed that, for an accident on spring in a 

tropical climate area, 20 to 30 % of the lifetime ingestion dose of Cs-137 is received in the 

first month after the contamination event, while for I-131 about 90 % of the dose is received 

in the same period. For Sr-90, this value varies between 13 to 50%, according to the season of 

the year when the accident occurs [3]. 

 

As already described elsewhere [2, 4] the effect of removal from diet of specific items of the 

diet is the most effective way of reducing doses from ingestion. However, the products 

removed from direct ingestion may be submitted to processing of specific products that may 

present lower concentration or are consumed in smaller amounts by individuals. These 

procedures must be chosen according to the radionuclide and the season of the year when the 

accident happens.  

 

 

2. METHODOLOGY 

 

In reporting the quantitative results of food processing, the following food processing transfer 

parameters are applied: the food processing retention factor, Fr, is the fraction of radionuclide 

activity that is retained in the food after processing; the processing efficiency, Pe, is the ratio 

of the fresh weight of the processed food to the weight of the original raw material; the 

processing factor, Pf , is the ratio of the radionuclide activity concentrations (analogous to the 

concentration ratio) for a given foodstuff. There is a simple relationship among these three 

factors. Fr is the product of Pf and Pe [1]: 

 

Fr = Pf •Pe (1) 

 

In this work, Pf values were estimated from values of Fr and Pe compiled by IAEA [1]. All  

data  on  plants  refer  to  contamination  of  the  edible  product,  generally contaminated via 

root uptake followed by translocation.  However, often the radionuclide transfer factors from 

soil to plant are experimentally determined and reported for the washed and peeled 

vegetables and fruits (e.g. for potato). In this case, application of the radionuclide losses at 

washing and peeling to concentrations estimated using experimentally determined transfer 

factors will lead to underestimation of the predicted activity of radionuclides in foodstuffs. 

Therefore, it is important to know if the transfer factor values were obtained for washed and 

peeled vegetables and fruits [1]. 

 

Milk products may require careful consideration owing to the variety of processes employed 

and products generated. It should be determined which coagulation process is used for cheese 

making — the acid or rennet process. Further, it should not be assumed that all whey will be 

discarded as waste or animal feed. The food industry uses whey as an additive to human food. 

If all the whey and the buttermilk is used for human consumption, it is more accurate to use 

an Fr value of 1.0 for all milk for collective dose assessment. However, such an approach 

may not be appropriate for individual dose assessments, depending on the mix of milk 
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products consumed by the individuals of interest, and it may be more appropriate to use the 

food processing factors for the different products and assess the doses to the population 

groups separately, using their specific consumption rates of the different products [1]. 

 

Values for the effectiveness of procedures were assessed using the software SIEM [5] for the 

average diet typical of southeast region of Brazil, where the Brazilian Nuclear Power Plants 

are located.  Food consumption rates were taken from IBGE [6].  

 

Processing actions simulated were: 

• Milk 

o Production of powder Milk 

o Production of condensed Milk 

o Production of cream 

• Vegetables and fruits 

o Peeling 

• Cereals 

o Production of flour 

 

Radionuclides studied were Cs-137, Sr-90 and I-131.  

 

 

3. RESULTS 

 

3.1.  Milk 

 

Doses from milk ingestion are rather independent of the season in tropical countries, as grass 

grows during the whole year and the cattle is free all year long.  However, the relevance of 

the dose from milk ingestion depends on the season, according to the contribution of seasonal 

crops to the total ingestion dose.   

 

Results for some milk processing procedures are presented on table 1. The table includes the 

reduction in total ingestion dose due to the removal and discard of milk from diet. It also 

includes the effect of using milk to derived products production and the effects on total 

ingestion dose. For the removal of milk from diet, as long as the introduction of processed 

food, in all cases, the effects on doses have shown strong seasonal influence.   

 

For Cs-137, the increase in total dose due to the introduction of processed milk products is 

lower than 2% in all cases for first year dose, and lower than 1 % for lifetime dose. For I-131, 

as all doses are received within the first year, increases on integrated doses are the same for 

first year and lifetime. The effect of removing milk from diet can range up to 56 % of total 

dose while dose increase due to processed milk products  increases up to 5% of the total 

ingestion dose. For Sr-90, the effect of removing milk from diet can range up to 67 %  of 

total dose while dose increase due to processed milk products  are up to 5.5 % of the total 

ingestion dose. 
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Table 1. Effect of processing milk and on the removal of milk from diet on doses to the 

public. 

 

Nuclide 

season 

when 

accident 

occurs 

Dose reduction from removal 

of milk from diet (%) 
milk processing 

product 

dose increase due to the 

introduction of processed milk (%) 

first year dose lifetime dose first year dose lifetime dose 

Cs-137 

summer 10 7 

butter 0.01 0.01 

condensed milk 0.41 0.28 

powder milk 0.84 0.59 

autumn 7 6 

butter 0.01 0.01 

condensed milk 0.28 0.23 

powder milk 0.58 0.48 

winter 23 10 

butter 0.01 0.01 

condensed milk 0.93 0.39 

powder milk 1.93 0.81 

spring 15 8 

butter 0.01 0.01 

condensed milk 0.59 0.33 

powder milk 1.22 0.67 

I-131 

summer 32 32 

butter 0.09 0.09 

condensed milk 1.28 1.28 

powder milk 2.65 2.65 

autumn 20 20 

butter 0.05 0.05 

condensed milk 0.80 0.80 

powder milk 1.66 1.66 

winter 56 56 

butter 0.15 0.15 

condensed milk 2.24 2.24 

powder milk 4.64 4.64 

spring 30 30 

butter 0.08 0.08 

condensed milk 1.18 1.18 

powder milk 2.45 2.45 

Sr-90 

summer 39 30 

butter 0.03 0.02 

condensed milk 1.56 1.20 

powder milk 3.24 2.46 

autumn 37 29 

butter 0.03 0.02 

condensed milk 1.47 1.17 

powder milk 3.04 2.43 

winter 67 33 

butter 0.05 0.03 

condensed milk 2.68 1.31 

powder milk 5.55 2.71 

spring 57 32 

butter 0.05 0.03 

condensed milk 2.29 1.28 

powder milk 4.74 2.74 
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For all radionuclides, the most efficient process regarding the dose to the public is the 

production of butter, while the less efficient process is the production of powder milk. 

However, this considers the usual ingestion rate for these products and not as substitutes to 

fresh milk. Also, it should be noted that powder milk may also be stored for typically 6 

months, which would reduce even more the dose increase when introducing the food into 

market. For I-131, almost everything will have decayed at that time. 

 

Another interesting result relates to the level of detailing assumed for the dose assessment. If 

all (milk plus derived milk products) are considered as “milk” only, compared to a detailed 

assessment considering all milk derived products with the corresponding processing factors, 

assessed doses may be overestimated for as much as 20 % for I-131, if processing is 

neglected in the assessment.  

 

3.2. Other Vegetables 

 

For other food items, only Cs and Sr have been considered, as processing factors for iodine 

were not found in literature. Also, as it has been already, measures to reduce doses from 

iodine must be implemented very shortly after the accident to be effective in reducing doses. 

At the first few days, the most easily implemented measures for protection against iodine in 

food is to remove from diet those food items that contribute mostly to dose, usually milk and 

green vegetables. Further processing depends on the possibility of storing the products. 

Decisions on food processing will then be defined regarding the effects on dose from 

radionuclides with higher half-lives, such as Sr and Cs isotopes. 

 

Results for cereals and the processing of flour and for peeling vegetables and fruits are 

presented on Table 2. 

 

 

Table 2. Effect of processing of vegetables on doses to the public.   

 

Nuclide 

season when 

accident 

occurs 

item of 

diet  

Dose reduction from 

removal from diet 

(%) processing 

product 

dose increase from 

flour (%) 

first year 

dose 

lifetime 

dose 

first year 

dose 

lifetime 

dose 

Cs-137 

summer 

cereal 

56 39 

flour 

10.4 5.3 

autumn 37 31 5.4 3.9 

winter  1 14 0.1 1.6 

spring 5 15 0.6 1.6 

Sr-90 

summer 

cereal 

45 43 

flour 

5.1 4.2 

autumn 42 43 4.7 4.1 

winter  7 4 0.6 3.5 

spring 8 4 0.7 3.5 
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Cereal is an important dietary item, mainly for summer and autumn, due to their planting 

periods [4] . The processing into flour may be a relevant measure, as the doses introduced by 

flour is considerably lower than the corresponding dose from unprocessed products. Also, as 

both cereals and flour may be stored for period up to 1 year, the delay in consumption will 

lead to even lower doses due to processed food. 

 

Peeling of vegetable and fruits may be relevant to short term doses, due to the delay between 

the deposition on the surface of vegetables and its subsequent incorporation in the main 

edible parts of the vegetables.  Although the efficiency of the process is not very relevant to 

the first year and lifetime ingestion doses, it can reduce up to 1 % of the total ingestion dose 

in the first week, where higher dose rates are expected, and about 12 % of the dose from the 

ingestion of vegetables and fruits. 

 

Long storage and processing times will reduce the activity contents of short lived 

radionuclides in foodstuffs, with implications for assessment of doses from releases of 

radionuclides to the environment. The delay between harvest and consumption is important 

for short lived radionuclides, such as I-131. For instance, processing of milk with a high 

concentration of I-131 during the acute phase of the Chernobyl accident into foodstuffs stored 

for long periods (such as butter, cheese and dried milk) ensured significant decreases of I-131 

concentrations due to radioactive decay before their eventual consumption [1].  

 

However, for Cs-137 and Sr-90, processing does not always lead to a decrease in dose. For 

instance, if more concentrated products are produced because the usual storage time does not 

allow enough decay to compensate the higher concentration. Then, the dose will mainly 

depend on the ingestion rates associated to these processed products.  

 

 

4. CONCLUSIONS  

 

Results obtained on this study confirmed that the decision on protective measures related to 

food ingestion are dependent on the actual exposure scenario that includes the population diet 

and the contribution of locally produced food items to total ingestion dose.  

 

Seasonal aspects are relevant to decisions on the reprocessing of food after an accidental 

contamination. The main action on reducing ingestion doses is the removal of food items 

from diet, while providing clean food to the population. However, discarding products may 

be expensive, not only due to production losses.but also due to the large amounts of wastes to 

be treated and disposed.  

 

The processing of foods that have been removed from the diet are a relevant aspect to 

consider, since the dose introduced from the processed products may be very small and 

avoided loss of income by the producers and the generation  wastes due to discarding large 

amounts of food.  
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