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A severe accident occurred at the Chernobyl nuclear power station in the Ukraine on April 26,
1986. Explosions first destroyed the core of the No 4 reactor and the roof of the building. The
result was the release over a period of ten days to the atmosphere of large quantities of radioactive
materials including fragments of fuel, aerosol particles and gases. It has been estimated that
100% of the core inventory gases (xenon and krypton) was released and about 50% of the iodine
inventory, 30-40% of the caesium radionuclides and about 3.5% of the total fuel inventory.

Much of the material released, especially the fuel fragments, was deposited within the former
Soviet Union. However, large quantities of radionuclides, notably the more volatile radionuclides
caesium, iodine and tellurium, were carried large distances by high altitude air currents and
deposited primarily with rainfall across vast areas of Europe. The pattern of deposition was very
irregular depending on the height of the plume, wind speed and direction, terrain features and the
amount of rainfall that occurred during the passage of the plume.

Ireland was affected by deposition from the plume during the period May 2-5 1986. The
principal radionuclides detected were iodine-13 l (m I ) , caesium-134 (134Cs) and caesium-137
C"Cs). The results of surveys of ground deposition showed considerable variation across Ireland
ranging from 3000-16,000 Bq/m213II and a mean total caesium (134Cs+l37Cs) deposition of about
5000 Bq/m2.

The relatively low level of fallout meant that external exposure from the Chernobyl plume or
deposited radioactivity and internal exposure due to inhalation of radionuclides were not
significant. There was, however, concern that the ingestion of contaminated foodstuffs might be a
significant pathway by which exposure of the Irish public could occur. A major monitoring
programme was undertaken with a view to identifying the potential risks to the public of the
ingestion pathways, and to determine any measures that should be put in place [Cunningham,
1987].

Monitoring was concentrated initially on I3II and l37Cs levels in milk and milk products from cows
grazing open pastures, on vegetables and fruits grown outdoors and on beef and lamb. The
summary findings were that radioiodine and radiocaesium were detected in all surveyed foods
almost immediately after deposition, but the maximum observed concentrations were below
European intervention levels of 600 Bq/kg. After an initial increase levels in milk quickly
dropped and by the beginning of June were undetectable. Caesium also declined rapidly in
vegetables but more slowly than in milk products; within 6 months caesium levels in vegetables
were almost undetectable. Samples of beef had lower caesium levels than sheep meat but neither
exceeded the intervention levels. A 10-fold decrease in meat caesium levels was observed by
October 1986.

Once the level of environmental contamination and the risk to the public in the immediate
aftermath of the Chernobyl accident had been established, attention was turned to addressing
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medium to long term tasks; these included dealing with issues such as the persistence of
contamination in the environment and management strategies which can be implemented to
minimise the dose risks while maintaining economic and social viability of the contaminated
areas. These questions are particularly relevant in countries which received a higher level of
contamination than Ireland.

To answer these questions requires a full understanding of the behaviour of the fallout in the
environment and all of the factors which influence its transfer to man. At the time of Chernobyl
some information was available in the scientific literature but it was quickly recognised that there
was a great need for new research to update this information and make it directly relevant to the
Chernobyl situation and to future accident scenarios. The information gained needed to be
applicable over the whole of Europe taking account of the wide variety of food production
systems used.

The EU responded to this need by supporting research programmes all over Europe, dealing with
all aspects of the behaviour of Chernobyl contamination in all types of environments - urban,
agricultural and semi-natural, and on the transfer of radionuclides to key components of the diet
such as dairy products.

The Institute succeeded in winning several of these contracts and initiated an active research
programme. Although the levels of contamination in Ireland were such that there was little cause
for concern the research carried out by the Institute could still make a valid contribution to the
European response to the Chernobyl accident, but at the same time every effort was made to
concentrate on issues relevant to Ireland.

The radionuclide l37Cs was the focus of most attention because of all of the Chernobyl
radionuclides it is of most widespread radiological significance. Its significance stems from the
fact that it has a long half-life, and it is readily incorporated into all biological systems.

The transfer of radiocaesium during food processing
The rapid transfer of radiocaesium to milk had already been identified but there was little
information about the fate of radiocaesium during milk processing. The objective was to identify
those dairy products which would be least affected and thereby, to provide the dairy industry with
some guidelines on how to maintain production in the event of severe contamination.

Table 1 gives values for the amount of l37Cs transferred to different milk products. As caesium is
soluble, 94% remains with the skim milk fraction, with only 6% in the cream or fatty fraction
[McEnri et ai, 1990]. Butter produced from the cream contained only about 1% of the caesium
of the original milk, and high protein products such as casein received even less. About 90% of
caesium in whole milk ends up in whey and thus is further concentrated in whey powder. Cheese
products also have reduced levels of radiocaesium compared to the original milk. Minor
modifications to the manufacturing process, such as reduction of the pH at which the curd
coagulates (Figure 1) or switching to an alternative cheese (Table 2) can greatly improve the
reduction factor for radiostrontium (EUR Report No. 16530).

These findings clearly indicate the alternative uses of milk in the event of contamination and what
is most important, these modified production systems enable the use of a contaminated raw
material to produce uncontaminated food, while maintaining the nutritional value of the product.
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Table 1
Mean and standard deviation (in brackets) percentage transfer

of l37Cs from whole milk to milk products

MILK PRODUCT TRANSFER

Skim milk
Skim milk Powder

Cheese Whey
Casein Whey
Whey Powder

Cream
Cheese
Butter
Butter milk

94 (35)
111 (52)

91 (33)
83 (39)
66 (38)

6(3)
7(2)
1 (not available)
4(2)

6.7 6.6 5.6 5.5

Coagulation pH

4.7 4.6 4.5

Figure 1
The percentage transfer of radiostrontium to cheese in relation to the pH at

which coagulation occurs
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Table 2
The reduction in the radiocaesium content of European and Ukrainian cheeses

produced by modified technologies

CHEESE TYPE % REDUCTION
Edam 59
Cheddar 8
Dutch 51
Susaninsky 89
Bryanza 89
Sulugini 81

Radiocaesium in Irish soils and its transfer to crops
During the period of 1987-1988 a project was undertaken to measure the transfer of radioactivity
from different soil types to a range of crops including grass, cereals, potatoes and other
vegetables. Eleven sites were selected to represent the principal soils used in Ireland for pasture
and tillage. This study clearly demonstrated the importance of soil composition and soil
chemistry in determining the amount of radiocaesium taken up by plants and the competition
between caesium and potassium ions in root uptake mechanisms [MacNeill et al., 1991].

Transfer of radiocaesium to crops was in all cases lower in clay soils because clay minerals
strongly fix the caesium ions rendering them unavailable for root uptake. Uptake by roots was
inversely related to soil pH and also inversely related to the availability of potassium in the soil.
These findings have been validated many times in other research programmes (for review see
Avery, 1996).

The low rate of transfer of caesium in clay soils compared to organic soils suggested that it would
be important to investigate further the role of organic soils in dose transfer to man. Such organic
soils are characteristic of upland areas of peat bog which are used for sheep grazing. They are
also found in forest ecosystems where the upper soil layers are almost purely organic. These
types of environments (which we refer to as semi-natural ecosystems) had previously been
thought to have little importance in transfer of radioactive dose to man. However, the low rates of
transfer in agricultural systems means that semi-natural ecosystems have been found to be
relatively important, warranting research attention.

Radiocaesium behaviour in Irish semi-natural ecosystems
In 1989 a radioecology research group was established to undertake research in semi-natural
ecosystems. The objectives of our research are two fold:

1. To evaluate distribution and behaviour of l37Cs in semi-natural ecosystems, namely upland
peatlands and forestry;

2. To identify pathways of dose transfer to man from these ecosystems and gain an
understanding of the environmental factors influencing dose transfer.

Deposition of Chernobyl radioactivity tended to be higher in both upland peatlands and forests,
compared to lowland agricultural areas. In upland areas this was because of the higher rainfall
and persistent occult precipitation which typifies these areas. In coniferous forests the canopy has
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a high interception capacity for airborne materials and as a result can receive up to 30% higher
deposition than adjacent open land [Bunzl and Kracke, 1988]. Recognition of such factors
influencing deposition patterns is of great value in a post-accident situation in identifying high
risk areas and helping to prioritise strategies for fallout assessment.

Peatland studies
In peatland areas investigations centred on assessing the transfer of radiocaesium from soil to
plants and on to grazing sheep. Intensive studies were carried out to determine the partitioning of
radiocaesium within the system and how that changed with time and season. Dietary studies of
the sheep flocks identified the important fodder plant species [Rafferty et al., 1993] and how the
radiocaesium content of these species compared and varied with season [Synnott, 1994]. In vivo
measurement of the radiocaesium content of the sheep flesh was carried out regularly and
temporal changes in different flocks were evaluated [Synnott, 1994].

In the peatland ecosystem the majority of the total radiocaesium deposition is located within the
soil (Figure 2) with less than 0.1% present in the grazing population. In the soil fraction the
majority of the deposited radionuclide is still in the top 10 cm. This finding was somewhat
surprising given the solubility of radiocaesium and the characteristics of peat soils. The retention
of radiocaesium in these top layers means that it is accessible to the roots of the vegetation
thereby resulting in relatively high root uptake by plants.

Vegetation
Soil 10-40 cm

25%

Sheep
<0.04%

Soil 0-10 cm
70%

Figure 2
Distribution of radiocaesium in a peatland ecosystem
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The extent of radiocaesium uptake by the different plant species varies considerably (Table 3).
The highest rate of uptake is by the heather Calluna vulgaris and the deer grass Scirpus
caespitosus. These species are favoured by sheep so are largely responsible for the transfer of
radiocaesium to sheep. Strong seasonal patterns in the extent of root uptake of radiocaesium by
these species has been identified.

Table 3
Maximum observed 137Cs concentrations in peatland plant species (Bq/kg)

SPECIES SAMPLED (Bq/kg)
Ericoids
Calluna vulgaris 3032
Erica tetralix 514
Vaccinium myrtillus 526
Graminoids
Scirpus caespitosus 231
Eriophorum vaginatum 611
Eriophorum angustifolium 625
Bryophytes/Lichens
Sphagnum cuspidatum 1137
Polytrichum commune 919
Cladonia impexa 1326

These seasonal patterns are then reflected in seasonal fluctuations in the flesh radiocaesium
concentrations of the grazing sheep (Figure 3). The peak body burden occurs in summer when
the plants are actively growing and taking up soil elements including radiocaesium, and the lowest
levels occur in winter when the plants are dormant.

The close relationship between the pattern of radiocaesium concentration in the plants and that in
the sheep illustrates how quickly the flesh responds to changes in the radiocaesium content of the
diet. The biological half-life of radiocaesium in sheep is less than 2 weeks [Howard et ai, 1987].
This means that when the sheep are removed to pasture which has low levels of radiocaesium
(such as lowland pasture) the flesh radiocaesium concentration decreases rapidly. Removal of
sheep to lowland grazing for a few weeks prior to slaughter is a normal practice in Ireland and,
since Chernobyl, has ensured that consumption of sheep meat is not a significant pathway of
radiocaesium transfer to man.

Continuous studies of individual sheep flocks since 1989 have revealed that there is a measurable
decline in the transfer of radiocaesium to sheep which exceeds the rate of physical decay of the
radionuclides [Synnott, 1994]. The pattern of decline (Figure 4) seems to have two phases: an
early, more rapid phase during which much of the deposited contamination migrated beyond the
rooting depth of some plant species; the second phase seems more stable and may be governed
by the recycling of radiocaesium between soil and plant. Further research is ongoing into the
likely future behaviour of radiocaesium in this system.
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Figure 3
Seasonal variability in flesh radiocaesium levels in ewes from a peatland site
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Figure 4
Decline in flesh radiocaesium levels in ewes from a peatland site: 1989 - 1995
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Forest studies
The forest research programme involved studies of coniferous forests in Ireland and in the
Ukraine. The data from the Ukrainian site showed that in areas of high contamination the forest
ecosystem constitutes a significant source of dose to man via both internal and external pathways
(EUR Report No. 16539). Internal pathways includes ingestion of fungi, and game animals
which graze on fungi.

Fungi are particularly important because they have a high affinity for radiocaesium and
accumulate radiocaesium to levels far in excess of plants growing in the same area [Byrne, 1988].
In Ireland wild fungi are not abundant and are not widely eaten, but in parts of eastern and
western Europe they are consumed in large quantities and can constitute a considerable ingested
dose.

The external dose risk stems from the fact that the contamination stays in the top layers of the
forest floor and on the tree surfaces for a relatively long time. A study carried out in 1993
comparing the distribution of radiocaesium in forests in the Ukraine and in Ireland showed that
the mobility and transfer to trees of the deposited radiocaesium is higher in the Irish forest
compared to the Ukrainian forest system (Figure 5). The higher bioavailablity and greater
mobility of radiocaesium in the Irish forest is due to the differences in form of deposition at
different distances from the accident site. The radiocaesium was deposited in Ireland in a soluble,
easily absorbed form whereas in the Ukrainian site the fallout was paniculate containing
fragments of fuel elements (EUR Report No. 16531).

As fallout particles are weathered they slowly release their radionuclides, thus prolonging the
period of transfer to biomass. In Ireland however, the radionuclides were immediately
bioavailable so the contamination is now moving like a pulse through the system.

The persistence of radiocaesium in the upper layers of the forest soil, just as in the peatland, was
not expected considering the highly organic nature and low pH of the soil material in these
layers. Our research findings indicate that fungi, resident in the soil and responsible for the
decomposition of fallen leaves etc., are instrumental in maintaining this pool of radiocaesium in
the forest floor [Dawson, 1995; Rafferty et al., in press]. This phenomenon is now under
investigation in the peatland site.

The complexity of semi-natural ecosystems, compared to agricultural systems, means that the
factors controlling the behaviour of radionuclides are more varied and more difficult to identify.
These systems represent a greater challenge to those people concerned with deciding how to
manage the environment after a nuclear accident.

Computer models have been developed in the framework of the Institute's research programme,
which describe the dynamics of radiocaesium in semi-natural ecosystems. These ecosystem
models aid in prediction of the future fate of radiocaesium in the environment. These long term
predictions provide a baseline against which rehabilitation strategies can be evaluated. Using
these models management strategies can be simulated and their impact assessed with respect to
season or time since the deposition.

In the 10 years since Chernobyl a lot of progress has been made in terms of understanding the
environmental behaviour of radionuclides. It must be realised that the Chernobyl accident
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scenario is not a template for future accidents; if such an accident occurs again, the situations
presented may be very different. But, as a result of the international effort to understand the
environmental consequences of the Chernobyl accident Europe is much better prepared than in
1986.

Present research efforts aim to evaluate the current state of knowledge and draw it together in a
way that will be accessible to non-specialists, that will be applicable to the wide range of
environments and food production systems all over Europe and that will cope with different levels
and types of contamination. In many cases, experience from the Chernobyl area shows that the
social and economic impact of the contamination are more severe than the radiological risk to
health. The challenge for now and the future is to develop a rehabilitation strategy for
contaminated lands which will minimise the radiation dose to man but will also respect the culture,
and economy as well as the ecology of the affected regions.

IRELAND
MINERAL SUB-SOIL

3 6 %

VEGETATION
' 8 %

ORGANIC TOP-SOIL
4 6 %

UKRAINE
MINERAL SUB-SOIL

1 4 %

VEGETATION
2 %

ORGANIC TOP-SOIL
8 4 %

Figure 5
Radiocaesium distributions in two forest ecosystems, in 1993

Ireland and Ukraine
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