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Abstract

A range of methods, from simple cost benefits analyses to sophisticated decision making systems, are
available for assessing the net countermeasure benefits to man contamination of different
environments. As part of the Nordic Nuclear Safety Research Programme, an attempt was made to
develop a strategy for mid- and long-term reclamation of contaminated cultivated agricultural
environments, animals, forests, freshwater and fish, and urban environments. The study focused on
the long-lived nuclides !37Cs and 90Sr. Also social implications and a sound environmental
management should be addressed in the selection of a countermeasure strategy.
The considerations of the cultivated agricultural environment included a model of a Nordic
environment, with different soil types, land use and crops. When considering countermeasure
strategies for animals, both transfer and production rates have to be compared, as the transfer of
radiocaesium to animals in cultivated areas is low compared to the transfer in unimproved areas or
to wild animals. The countermeasures considered for freshwater were: use of alternative water
supply, and ion exchange method, and for freshwater fish: limiting consumption, brining in
households, and wet land and lake liming. In urban environments knowledge on the source strengths,
relative dose rate at different locations (indoor, outdoor) due to the deposition on different urban
surfaces (roofs, walls, paved areas, trees, bushes etc.) is important.

For all environments costs and averted doses were estimated for a fallout scenario giving 1 MBq m'2

of 137Cs. The effectiveness of the different countermeasures was then compared and reclamation
strategies suggested.

There are several methods available for assessing the net benefits to man in the process of
deciding the type of countermeasures to implement after a radioactive contamination of
different environments. These methods may range from simple cost benefits analyses to
sophisticated decision making systems. As part of the Nordic Nuclear Safety Research
Programme, several countermeasures have been assessed with the aim of making a basis for
the development of a strategy on reclamation of contaminated land. However, one has to bear
in mind that a long list of considerations, such as social implications and a sound
environmental management approach should be addressed in addition to the cost-
effectiveness. In the following presentation the long-lived radionuclides 137Cs and 90Sr have
received special attention. Consideration of these radionuclides is of importance when
planning the reclamation of land following the initial phase after fallout.

CULTIVATED AGRICULTURAL ENVIRONMENTS

After a radioactive fallout, crops can easily be rendered unsuitable for food and animal feed.
The time of the year that radioactive fallout occurs will influence the consequences in the
short to mid-term.

A crucial issue is the contamination level of the different soil types. Priority should be given
to peaty and sandy soils, especially fields used for temporary or permanent grasslands; our
study has indicated that in an agricultural environment with different soil and crop types, these
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soil types deliver disproportionally large fractions of radiocaesium and radiostrontium,
respectively, to food and feed from acreage's with complex soil environments.

Available soil/or crop treatment countermeasures are:

(a) Removal of crops.

(b)Removal of a slice of the top soil layer.

(c)Replacement of the uppermost soil layer by skim and burial ploughing.

(d)Additional fertilisation with potassium,

(e) Additional liming.

In a model for the Nordic agricultural environment, the cost effectiveness for different
countermeasures was compared. The study showed that exclusion of land from feed
production can be advisable for reducing radiocaesium transfer. Excluding the natural pastures
on peaty soils (making up about 3% of the acreage) will reduce radiocaesium transfer by 60%.
Excluding all peaty soils (about 15% of the acreage) from crop production give about 90%
reduction in radiocaesium transfer in the long term. For agricultural fields where
countermeasures are applied, several methods are possible. Table 1 compares the cost
effectiveness of different soil based countermeasures.

TABLE 1. THE COST EFFECTIVENESS OF DIFFERENT SOIL BASED
COUNTERMEASURES STUDIED IN ENVIRONMENTS OF THE NORDIC COUNTRIES
ASSUMING A I37CS DEPOSITION OF 1 mBq m"2

Soil based countermeasure

Removal of soil layer,
0-5 cm

Skim and burial ploughing

Annual additional K-
fertilisation

Product

Bread grain
Potatoes
Milk
Bread grain
Potatoes
Milk
Bread grain
Potatoes
Milk

% reduction in
manSv
95
95
95
90
90
90
39
50
67

Cost
(EUR/manSv)
40000
2100
4100
7300
400
760
94000
4000
2200

Pasture

Action is required when pasture is expected to produce grass with unacceptably high
radionuclide contents. For this situation, the grass sward has to be incorporated into the soil
either by normal ploughing or by skim and burial ploughing with a higher efficiency. If
removal of a slice of the top soil or replacement of the uppermost soil layer are thought
necessary on some fields, these fields should be removed from production until the required
countermeasures can be implemented.
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Arable crops

Other actions may be needed when radionuclide transfer is unacceptably high to arable crops.
Removal of a slice of the top soil or replacement of the uppermost soil layer is needed for
highly contaminated soils. For less contaminated arable fields, complementary application of
potassium fertilizers can reduce the transfer of radiocaesium to crops by 30-60% for soils
deficient in potassium. Similarly, complementary liming can reduce the transfer of
radiostrontium for soils poor in calcium.

2. ANIMALS

The transfer of radioactivity to animals and animal products is greatly dependent on
management practices. In cultivated areas, the transfer of radiocaesium to animals is low
compared to the transfer in unimproved areas or to wild animals. However, the rate of food
production is higher in cultivated areas. Thus, both transfer and production rates have to be
compared. Nevertheless, it is clear that to avoid the highest doses to critical groups and to
achieve the greatest reduction in activity concentrations it is essential to consider animal
products from unimproved areas (including game) in countermeasure strategies. A summary
of recommended countermeasures and their cost effectiveness (for one specific deposition
level) is given in Table 2.

TABLE 2. RECOMMENDED COUNTERMEASURES FOR DIFFERENT ANIMAL PRODUCTS,
AND THEIR COST EFFECTIVENESS ASSUMING A 137Cs DEPOSITION OF 1 mBq irf2

Product

Cattle milk

Cattle meat

Sheep meat

Goat milk

Reindeer meat

Countermeasure

Bentonite as powder or in concentrate
AFCF1-1 as powder or in concentrate
Bentonite as powder or in concentrate
AFCF as powder or in concentrate
Special feeding
AFCF in boli
AFCF in salt lick
AFCF in boli
Bentonite as powder or in concentrate
AFCF as powder or in concentrate
AFCF in salt licks
AFCF in boli
Change slaughter time

% reduction
in manSv
50
90
45
80
50
70
50
50
50
90
50
50
70

Cost
(EUR/manSv)
140
470
170
553
740
1020
230
1670
19
64
15
95
82

1 AFCF is a derivative of hexacyanoferrate.

The most cost effective countermeasure for reducing radiocaesium transfer to beef and cows
milk, is the use of bentonite (a clay mineral) mixed with concentrates or given directly to
animals. This method requires daily management by man and gives about 50% reduction in
radiocaesium activity concentrations in both milk and meat. More expensive, but also more
effective, is AFCF (a hexacyanoferrate derivative) administered in the same way. This gives a
80-90% reduction in the contamination levels. Both bentonite and AFCF strongly bind the Cs
ions so that they cannot be taken up in the animal's gut.
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If domesticated animals (e.g. goat, cattle, sheep) or semi-domesticated reindeer are grazing on
unimproved areas without daily contact with man, AFCF can be administrated either in a salt
lick or boli. The salt lick is most cost-effective, but results in larger variability in activity
concentrations in animal products because individual animals use the salt lick to different
extents. On average, the reduction for radiocaesium would be about 50% for both methods.

Highly effective radiostrontium binders are not yet available. Moderately effective zeolites
(clay minerals) may reduce transfer of radiostrontium to milk by up to a factor of two.
Alginates can also be used as a Sr binder but is currently too expensive. For radiostrontium,
the best currently available additive for animals is to increase the calcium content of the diet.
The effectiveness of this approach will depend on the Ca intake and milk yield of the
ruminant, but may give a 50% reduction.

If the above mentioned countermeasures are not possible or do not give the necessary
reduction, the use of special feeding should be considered. By giving the animals
uncontaminated or only slightly contaminated fodder over a period of time, activity levels in
meat and milk will be reduced according to the original activity concentration levels and the
biological half-lives of the isotopes in the animals. If uncontaminated fodder cannot be
produced in the area or cannot be imported, the animals can be transported to an
uncontaminated area. These countermeasures are useful for all relevant radionuclides,
including both radiocaesium and radiostrontium.

When using contaminated pastures for grazing, one should also bear in mind that the smaller
animals such as sheep and goats will have higher activity concentrations in meat and milk
than larger animals like cattle if they are grazing on the same pastures. This is also valid for
wild animals (e.g. roe deer and moose from the same area). Changing the production from
small to large farm animals can thus be considered , to reduce the transfer from fodder to
animals. For 137Cs, a change from meat to milk production will give less contaminated
products since the the radiocaesium transfer is higher from fodder to meat than to milk. For
9 Sr, the reverse is true; the transfer is highest from fodder to milk while meat is not
significantly contaminated.

A high amount of mushrooms on the pastures in the autumn may considerably increase the
radiocaesium content in grazing animals. When mushrooms are abundant, up to 70-80% of the
radiocaesium intake can be due to mushroom consumption for certain animals grazing on
unimproved pastures. A possible countermeasure is then to bring the animals back to the farm
early in the summer to limit the mushroom consumption.

For wild animals, AFCF might be made available in contaminated areas in salt licks.
However, for population dose reduction, an important possible countermeasure is to change
the hunting season. This may reduce radiocaesium intake from game meat such as roe deer
and moose, which have a seasonal variation in activity levels and for which the hunting season
does not coincide with the minimum levels in the animals.

Dietary and food processing advice may be important for special population groups which
have a high consumption rate of wild animal meat such as hunters or reindeer breeders.

Next to restriction of food production from an area, banning of food products is the most
drastic countermeasure available. This is very expensive and in addition socially disruptive,
but may be necessary in extreme cases.
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3. FORESTS

Forests have the capacity to trap and retain radionuclides for a substantial period of time. The
rotation period of a forest stand in the Nordic countries is about 100 years. The time of
decomposition of organic material in a forest environment can be several hundred years. The
retention of radionuclides in the forest environment is thus considerably longer compared to
other environments.

Countermeasures in forest areas outside the urban environment are generally not worth
implementing due to high costs compared to the reduction in dose. For a populated forested
area, clear felling can, however, be considered as a countermeasure in the first year after
deposition. To minimise contaminated timber products the surface part of the trees can be
removed before processing. Some forest-based industries like paper manufacturing may up-
concentrate radionuclides 200 times.

For natural food stuffs such as mushrooms and wild berries the major countermeasures are
restrictions on food gathering, dietary advice's and the use of food preparation methods that
reduce the levels of contamination.

FRESHWATER AND FISH

In some Nordic countries more than half of the drinking water is surface water, which can be
readily contaminated with fallout radionuclides. The season and nuclide composition of the
fallout, together with environmental factors, determine the duration of and temporal changes
in radionuclide activity concentrations in water. Therefore, the possible actions for decreasing
radiation doses must be estimated separately in every case.

Strontium-90 will remain in the aqueous phase after a fallout event. I37Cs will soon be sorbed
to particulate material that will eventually sink to the bottom of the lake or river.
Radiocaesium can be recycled from the sediment to the food chain by various benthic
organisms, and will eventually contaminate the freshwater fish.

If serious contamination of drinking water with radiocaesium occurs, the highest dose
reduction is achieved by actions carried out during the first months after deposition. In case of
radiostrontium, long-term countermeasures may be needed. If countermeasures are needed,
decreasing intake of household water to a minimum will be the first action. After this short
term action, the use of uncontaminated ground water should be considered or drinking water
should be imported from an uncontaminated area. Water treatment plants are recommended to
make plans for these actions which take into account the situation for their specific area. One
should bare in mind though that about 50% of the 137Cs is removed by normal operations in
water treatment plants (co-precipitation with aluminium sulphate and particles removed by
filtration processes), while 90Sr is not removed in the normal operations. The most expensive
measure for removing radiocaesium and radiostrontium is the use of ion exchange filters.

In Table 3 a summary of different countermeasure's cost effectiveness is given. To reduce
radiation doses from fish consumption, the most effective and less expensive method is brine
treatment of fish at home. Liming of the lakes gives only a small decrease in 137Cs contents of
fish over a longer time period. Transfer of radiostrontium to fish is low and will rarely cause
problems since 90Sr only accumulates in fish bone and not in fish meat.
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TABLE 3. A SUMMARY OF EFFECTIVENESS OF DIFFERENT COUNTERMEASURES FOR
REDUCING RADIATION DOSES VIA FISH AND DRINKING WATER

Countermeasure

Fish

Brine treatment in households
Wet land liming
Lake liming
Limitations in consumption

Drinking water

Use of an uncontaminated source or
ground water
Ion exchange

Effectiveness,
% reduction

60
<5
<5
up to 100

up to 100

>90

Cost

cheap
6*109EUR/Sva)

109EUR/Sva)

not estimated

not estimated

not estimated

(a) for a lake of 100 km2 and average depth 6 m, and fish consumption of 4 kg y"1 for 10 years.
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DISCUSSION AFTER THE PRESENTATION OF A. LILAND

J.G. Barnes (USA): How willing were people to limit or otherwise modify their
consumption in the light of your advice?

A. Liland (Norway): After the Chernobyl accident, the radioactivity levels in reindeer meat
were very high in many parts of Norway, so we ran information campaigns directed towards
the people living in those areas. As a result of the information campaigns, people reduced
their consumption of reindeer meat or bought their reindeer meat in areas known not to have
been affected by Chernobyl fallout. Of course, there were a few who, seeing that their reindeer
meat looked quite normal, decided to eat it despite our warnings.

J.E. Kenigsberg (Belarus): What annual internal doses are people in Norway now receiving
as a result of Chernobyl fallout?

A. Liland (Norway): The doses being received by people in Norway today are generally well
below lmSv/year.

In the case of reindeer breeders, every three years we measure their body contamination levels
and the contamination levels in the reindeer meat which they are consuming, since some
reindeer breeders are still receiving doses of more than lmSv/year-in a few cases perhaps
more than 2mSv/year.

J.E. Kenigsberg (Belarus): What maximum permissible contamination levels have been set
for milk and meat in Norway, Sweden and Finland?

A. Liland (Norway): In Norway, the maximum permissible contamination level for milk and
milk products-and also for baby food-is 370 Bq/kg; for reindeer meat, game and freshwater
fish it is 3000 Bq/kg; for all other foodstuffs it is 600 Bq/kg.

In Sweden and Finland, the maximum permissible contamination level for reindeer meat,
game and freshwater fish is 1500 Bq/kg-the European Union standard. Norway's maximum
level is higher because we had very high levels of reindeer meat contamination (up to 50 000
Bq/kg) after the Chernobyl accident and, in order to avoid too much meat being condemned,
we set a maximum permissible level of 6000 Bq/kg, which was reduced to 3000 Bq/kg in
1994.

Despite Norway's higher maximum permissible level, this year we had to delay the
slaughtering of some reindeer because they were contaminated in excess of 3000Bq/kg; the
animals were provided with clean fodder in order to reduce their contamination levels. We
have had similar problems also with sheep.
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