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Abstract

The transfer of radiocaesium and radiostrontium from milk to a number of commonly
consumed European and Ukrainian cheeses was quantified. The Ff' for radiocaesium
in these cheeses was typically between 0.5 and 0.7, while that for radiostrontium
ranged from 0.7 to 8.3. Those steps during the cheese making process that resulted
in removal of radiocaesium were then identified. The production of cheeses by
modified technologies succeeded in reducing the radiostrontium transfer by a small
amount. Acidification of the milk (to a pH < 5.1) prior to coagulation resulted in a
significantly smaller transfer of radiostrontium to the cheese. The coagulation
process varied by up to 20% for duplicate experiments.

At least 50% of radiocaesium may be removed from contaminated meat by
soaking in NaCl solution (brine). Greater removal (up to 90%) may be achieved by
varying treatment parameters. The losses of vitamins and minerals associated with
this treatment were quantified.

1. Introduction and background

The Chernobyl accident has shown that the ingestion of contaminated food and drink is a
significant exposure pathway, both in the immediate aftermath of a nuclear accident and in the
long term. Even today, in some of the regions most contaminated by the Chernobyl accident, a
large proportion of the dose received is due to the ingestion of contaminated food and drink [1].
The consumption of milk, milk products, meat and meat products accounts for a large
proportion of this ingestion dose. However, considerable decontamination of these and other
food types may be achieved through the use of specific food decontamination techniques or
through the adoption of particular food processing strategies.

In terms of ingestion dose, radiocaesium and, to a lesser extent, radiostrontium are the
nuclides of greatest significance in the long term. The behaviour of these nuclides during
culinary preparation and food processing is dictated by their chemical properties. Caesium is a
highly soluble ion and thus tends to concentrate in the aqueous fractions during food
processing. Strontium is less soluble and tends to follow the behaviour of calcium. Thus,
during milk processing radiocaesium tends to be transferred to those products with a high water
content, while radiostrontium is transferred to high calcium products. The soluble nature of
radiocaesium means that it can be removed from contaminated meat with liquids used during
culinary preparation or processing. Radiostrontium contaminated meat is rarely a problem as
this nuclide tends to accumulate in the bones rather than in the muscle.

Although the chemical properties of caesium and strontium are quite different, the
distribution of these nuclides between milk products is similar. An exception to this is their
proportionate transfer from milk to cheese. In general, approximately 50% of the raw milk
content of radiostrontium is transferred to the cheese, while about 10% of radiocaesium is
transferred. This, combined with the low processing efficiency (Pe)2 for cheese
(approximately 0.1), can result in a high Ff value for radiostrontium in cheese. It is, however,
possible to reduce the transfer of both radiocaesium and radiostrontium to cheese through the
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application of modified cheese making procedures. A number of experiments were carried out
to determine:
1. The transfer of radiostrontium (in vitro contamination) and radiocaesium (in vivo
contamination) from milk to a range of Ukrainian cheeses. Those steps during the cheese
making process that resulted in removal of radiocaesium were also identified.
2. The transfer of radiostrontium and radiocaesium from milk (in vivo contamination) to a
range of Ukrainian and European cheeses. The effects of modifications designed to reduce the
radiostrontium transfer were examined.
3. The variability of the coagulation process and the effects of coagulation pH on the transfer
of radiostrontium from milk to cheese.

One of the most effective ways of removing radiocaesium from contaminated meat is by
soaking the meat in brine. More than 90% decontamination can be achieved in this way,
depending on the applied treatment. A series of experiments were carried out in order to assess
the effects of varying a number of treatment parameters. Losses of soluble vitamins and
minerals during treatment were also determined.

2. The transfer of radionuclides from milk to cheese

1. Materials and methods

Experiment #1: Milk was contaminated in vivo with Cs-137 and in vitro with Sr-90. The milk
was then kept at 4° C for 48 hours to allow equilibration of radiostrontium with the binding
proteins [2]. Standard techniques were used to produce a number of commonly consumed
Ukrainian cheeses: dutch, susaninsky, brynza, suluguni, dneprovsky and adygeisky.

Experiment #2: Milk contaminated in vivo with Cs-137 and Sr-90 was obtained from
cattle grazing some of the highly contaminated pastures close to the Chernobyl reactor. Four
European cheeses: edam, cheddar, camembert and quarg, and three Ukrainian cheeses:
adygeisky, suluguni and brynza, were produced using standard and modified procedures.
Modifications were designed to reduce the radiostrontium transfer by producing a more acidic
cheese. This was achieved by adding more starter culture and less rennet during production.

Experiment #3: Milk was contaminated in vitro with Cs-137 and Sr-85 and then stored
at 4° C for 3 days. The pH of coagulation was varied from 0.1 to 6.7 by using different
amounts of starter culture. The variability of the coagulation process was assessed by setting
up duplicate samples for each set of conditions and by carrying out each experiment twice.

In each experiment the Cs-137 and Sr-85 activities in the curd, whey and final cheese
was measured by high resolution gamma spectrometry, while the Sr-90 content was determined
with standard radiochemical techniques.

2. Results and discussion

The Ff values for radiocaesium and radiostrontium for the European and Ukrainian cheeses
produced during experiments #1 and #2 are summarised in Table 1. The specific activity of
cheeses was found to be closely related to their moisture content. The low Ff for
radiostrontium in quarg can be attributed to its acidic nature. During standard cheese making,
those steps found to result in most removal of radiocaesium were; soaking the cheese in saline
solution, the complete replacement of whey with water and the removal of whey at each stage
of the process. The production of cheeses incorporating these steps, or the addition of these
steps to other cheese making procedures will significantly reduce the final radiocaesium content
of the cheese. More details of the results of these experiments are reported in Fedin et al. [3].

Small reductions in the transfer of radiostrontium to cheese were achieved through the
application of modified procedures, for example, the Ff value for standard camembert was 4.2,
while that for the modified cheese was 3.7. Nutritional analysis of the cheeses produced
during experiment #2 has shown that the composition of cheeses (i.e. the protein, fat,
moisture, calcium and potassium contents) produced by modified technologies did not differ
significantly from those produced by the standard methods.
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3.60

4.50

Table 1. The transferof Cs-137 and Sr-90 from milk to European and Ukrainian cheeses

Cheese type Ff - Cs-137 Ff - Sr-90

Edam - fresh

Cheddar - fresh

Camembert - fresh

Quaig - fresh

Dutch - fresh

Dutch - salted in brine and matured for 60 days

Susaninsky - fresh

Susaninsky - salted in brine and matured for 15 days

Brynza - fresh

Brynza - salted in brine and matured in brine for 20 days

Suluguni - fresh

Suluguni - after cheddaring, salting in solution and 2 days maturing

Dneprovsky

Adygeisky

The sensitivity of the cheese making process to a number of variables means that the Ff values
may vary considerably between duplicate experiments. Due to time limitations, it was not
possible to duplicate the experiments carried out with in vivo contaminated milk. Thus it is
difficult to draw any firm conclusions regarding the reduction in radiostrontium transfer from
the results of these experiments. The experiments did however illustrate the criticality of the
coagulation pH on the transfer of radiostrontium to cheese and the variability of radionuclide
transfer during cheese making. This dependence on coagulation pH and variability in
coagulation was further investigated in the third set of experiments.

It was found that approximately 75% of the radiostrontium remained in the curd at a pH
of 6.5, compared to 20% at a pH of 4.5. Thus transfer of radiostrontium is strongly dependant
on the pH of the milk at coagulation. This is due to the fact that acidification of milk to a pH of
5.1 (the isoelectric point of the milk protein) results in the liberation of the strontium from the
protein into the aqueous phase. The proportion of radiocaesium present in the curd remained
between 10% and 17% for the pH range studied. Thus the behaviour of radiocaesium during
coagulation is independent of pH.

For radiocaesium the variability both within-batch and between-batch ranged from 1%
to 20%. For radiostrontium the within-batch variation ranged from 0% to 20% and the
between-batch variation from 0% to 10%.

3. Conclusions

Under standard production conditions Ff values for the transfer of radiocaesium from milk to
cheese are approximately 0.5 to 0.7, while those for radiostrontium are approximately 5.0 to
8.0. A considerable reduction in the radiocaesium transfer is possible through the introduction
of specific steps during production. Reduction of the radiostrontium transfer is more difficult,
as it is necessary to acidify the milk to a pH of less than 5.1 prior to coagulation. The pH of
the milk at coagulation affects the radiostrontium transfer critically, its effect on radiocaesium
transfer is negligible. The variability of the transfer of radionuclides from milk to cheese is
considerable, thus replicate experiments are necessary for conclusive results. The nutritional
composition of modified cheeses do not differ significantly from that of standard cheeses. It
should be noted that the production of cheese by modified technology results in a cheese with
different characteristics, i.e. a new type of cheese is produced.
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3. The removal of radiocaesium from meat

1. Materials and methods

The effects of varying treatment parameters on the removal of radiocaesium from contaminated
meat were studied. The parameters investigated were:

meat size (minced meat, 1.5-2 cm cubes and 250 g pieces).
the duration of treatment (1 hour, 2 hours, 1 day, 2 days, and 3 x 2 days).
concentration of brine solution (2.5%, 5%, 10%).
brine-to-meat ratio (1:1, 3:1 and 5:1).
In addition, losses of water soluble nutrients (B J 2 , niacin, iron and zinc) during

treatment were investigated. The radiocaesium content of meat, before and after treatment, and
of the brine solution was determined by high resolution gamma spectrometry. All experiments
were duplicated.

2. Results and discussion

The smaller the meat pieces, the greater the surface area exposed to the brine solution and
consequently, the greater the decontamination achieved. However, the usefulness of minced
and cubed meat following treatment is less than that of 250g pieces. In general, the longer the
treatment time, the greater the decontamination achieved. For example, a 1 hour treatment3

resulted in 47% decontamination, a 2 hour treatment, with replacement of brine after 1 hour,
resulted in 61% decontamination, while a 1 day treatment resulted in 82% decontamination.
The NaCl concentration was not found to have a significant effect on the removal of
radiocaesium. For minced meat, the brine-to-meat ratio had a significant effect on radiocaesium
removal; a 5:1 ratio 4 resulted in 72% decontamination, while a 1:1 ratio resulted in 33%
decontamination. In the case of cubed meat the brine-to-meat ratio did not affect
decontamination.

Li summary, at least 50% decontamination of radiocaesium from meat can be easily
achieved, using the treatment conditions detailed in footnote 1. Greater decontamination may be
achieved by changing various parameters. For example, increasing treatment time to 24 hours
will increase removal to 80%, treatment of minced meat will increase decontamination to 70%
and a 2 hour treatment with replacement of solution will increase decontamination to 60%.
Some of the longer treatment times recommended by other studies (up to 6 days) [4] did not
achieve significantly greater decontamination.

Meat is a major dietary source of the water soluble vitamins B12 and niacin and of the
trace metals iron and zinc. These treatments resulted in losses of these nutrients to the salt
solution. The longer the treatment times, the greater these losses. In addition, longer
treatments resulted in higher Na+ and lower K+ concentrations in the treated meat, which is
undesirable from a dietary point of view. The results of nutritional measurements are
summarised in Table 2.

3. Conclusions

At least 50% of radiocaesium may be easily removed from meat by soaking in brine. Losses of
vitamins and minerals may be minimised through careful choice of treatment conditions. If
necessary, greater than 90% decontamination may be achieved by altering appropriate treatment
parameters. Losses of soluble vitamins and minerals are considerable, however, these losses
are relatively inexpensive to replace.

Table 2. The effects of salting on the Na, K, Fe, Zn, B u and niacin content of meat

Treatment

As in footnote 3

As in footnote 5

Na

+ 148%

+ 408%

K

-62%

-98%

Fe

-34%

-60%

Zn

-11%

-74%

B12

-26%

-66%

Niacin

-39%

-45%
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5. Footnotes

1. Ff= Food processing retention factor = Activity (fresh wt.1 in processed food (Bq/kgi
Activity (fresh wt.) in raw materials (Bq/kg)

2. Pe = Processing efficiency = Weight of processed food fkgi
Weight of raw material (kg)

3. 1.5-2 cm cubes soaked in a 2% NaCl solution, with a brine-to-meat ratio of 3:1, for 1 hour at room
temperature, followed by washing in tap water for 10-15 minutes
4. Minced meat soaked in a 5% NaCl solution, for 2 days at 2 °C, followed by washing in tap water for 10-15
minutes
5. 250 g piece of meat soaked in a 5% NaCl solution, with a brine-to-meat ratio of 4:1, for 3 x 2 days, with
replacement of solution after 2 days and 4 days, at 6°C, followed by washing in tap water for 10-15 minutes
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