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Sång

Tänker på min vardag
Hur jag en gång drevs till havs i min kajak

och tyckte att jag svävade i stor fara
Tänker på mina dagliga bekymmer

mina svårigheter som tycks mig så stora
att dom växer mig över huvudet

Ändå finns det bara en sak som är stor
En enda:

att i gryningen se
hur dagen kommer

hur dagen fcds därute
hur ljuset fyller världen

(Eskimå)
Ur: Vi kommer att leva igen
Indianska myter och visioner

To all the Chernobyl consequences:

The Book of Life,
New Testament

Acts 22:2-12

To my Mother and Margit

To my Father and All of my Family

To Carina and Gertruda



This thesis is based on the following reports, which will

be referred to in the text by their roman numerals:

Paper I

Karlen, G., Johanson, K.J. & Bertilsson, J. (1991),

Transfer of cesium-137 from pasture to milk after

Chernobyl.

Investigations of dairy farms in Sweden.

In: The Chernobyl fallout in Sweden, The Swedish
Radiation Protection Institute, Edited by L. Moberg,
pp 343-360

Paper II

Karlen, G. , Johanson, K.J. & Bergström, R. (1991),

Seasonal Variation in the Activity Concentration of 1 3 7Cs

in Swedish Roe Deer and in their Daily Intake

J. Environ. Radioactivity 14: 91-103
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MTRODUCTIOH

On 26 April 1986, an accident occurred in the nuclear

power plant of Chernobyl in the Ukraine, in the former

Soviet Union. Radioactive material was spread over a

large part of Europe. Radionuclides were wet-deposited in

rain in part of the Central Sweden on the early

vegetation appearing in the spring, for example in the

regions of Uppsala and Gävle. The ground deposition

pattern of 137Cs can be seen in Fig. 1.

The 137Cs was deposited on the ground, forage crops,

grass and feed plants of ruminants. During the following

years, 137Cs entered all compartments of the affected

ecosystems. Cs could for example be detected in milk

of cows grazing on pasture or fed hay/silage harvested

from these regions.

On arable land, most of the farms, using intense

management followed the recommendations set by The

Swedish Agricultural Board. These recommendations were

based on previous research (Haak et al., 1973; Eriksson,

1977; Eriksson, 1978) and, during 1986, consisted of the

following:

1. Release of dairy cows on pasture should be delayed.

The cows were kept in the stable. In some districts, the

cows were not let out to graze until one month after the
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Fig. l. The ground deposition pattern of -LJ'Cs as

measured from an aircraft (SGA3, 1986).
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norna 1 tine (June 25 in the parish of Hi lie and

Gudnundrå).

2. To fertilize with potassium. Potassium fertilizer was

given free of charge to the farmers in the most

contaminated regions.

3. Certain pastures and old ley fields should be

ploughed.

4. Higher stubble height should be used when cutting hay

and silage.

On some natural pastures, where extensive management was

performed, the recommendations were not followed to the

same extent, probably because these fields, situated in

woods or on mountains, were unsuitable for tractor

operations and thus ploughing could not be done. In an

extensive management system, the cows often graze freely

on semi-natural pastures, with access to plants or fungi,

with relatively high 137Cs activity concentrations.

In forest ecosystems, countermeasures like ploughing and

fertilizing could not be undertaken. Forest soils are

characterized by a high organic content, low pH, and low

nutrient status (Fawaris & Johanson, in press) which seem

to lead to high transfer of 137Cs from soil to plant and

therefore also to animal living in the forest ecosystem

such as roe deer (Paper II) . The 1 3 7Cs activity

concentrations in muscle of roe deer exceeded the Swedish

action levels (1,500 Bq kg"1) after the Chernobyl

accident in many parts of the contaminated regions (Paper

II). In the county of f'avle, hunters became reluctant to
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shoot roe deer for food consumption. The population of

roe deer has increased after the Chernobyl accident, but

mainly due to the very mild winters. The incidences of

traffic accidents involving roe deer have increased.

The aim of the studies was to elucidate the transfer of

1 3 7Cs to two animal products: Cow milk and roe deer

muscle.

The transfer coefficients of 1 3 7Cs, Fm (Bq l'Voq d"1) ,

from pasture and fodder to cow milk was thoroughly

investigated in 1987 and 1988, the first month when the

cows were let out on pasture (Paper I).

In 1987 and 1988 the transfer of 1 3 7Cs from different

feed plants to roe deer muscle was studied (Paper II).

MATERIAL AND METHODS

The transfer coefficient (Fm), as outlined by Ward and

Johnson (1986) is a measure of the transfer of activity

from fodder to milk:

Activity per litre of milk (Bq 1~* ) / Daily intake of

radionuclide (Bq d"1)

Dairy farms situated in the counties of Uppsala,

Västmanland and Gävleborg were investigated during 1987
1 i

and 1988 to estimate the transfer coefficients, Fm, of

Cs from pasture and fodder to milk (Paper I).
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Grass, fodder and milk verc continuously sampled during

the first month after the cows had been let out on

pasture. All fodder was weighed twice a week. The cows'

intake of grass was calculated from their energy

requirement and the energy in the supplenentary fodder.

Further details abcut the farms, the fodder and the

measurements are described in Karlen & Johanson (1987).

Areas for the study of 1 3 7Cs transfer to roe deer are

situated at Harbo in the county of Västmanland, and in

Gävle commune in the county of Gävleborg. In each area,

the hunters collected muscle samples of shot roe deer

(Paper II).

The 1 3 Cs activity concentrations in samples of milk,

fodder and roe deer meat were measured using hyperpure

germanium detectors (ORTEC or PGT) placed in the low

background laboratory at the Department of Radioecology.

RESULTS AND DISCDS8ION

Metabolism of radioccsium

Cesium follows approximately the same pathway as

potassium in an animal body. Both potassium and cesium

are accumulated in living cells, and is distributed quite
i i

evenly in the muscles (Hood & Comar, 1953; Ekman, 1961;
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Fredriksson et al., 1966). The gastro-intestinal

absorption of cesium was reported to be 60-80 % for

ruminants in general (Sansoa, 1966; Cough trey t Thome,

1983; Beres ford et al., 1992). The true and apparent

absorption were found to be 60-85 t in sheep (Hayes et

al, 1992), and assumed to be lower than 80 % for grazing

dairy cows (Sunerling et al., 1984; Beresford et al.,

1992). Cesium is absorbed in the small intestine, mostly

in the duodenum, and to a smaller extent in the rumen,

and is largely excreted in the faeces (IIin & Moskalev,

1957; Conar, 1966). The processes of digestion, such as

the treatment by gut microorganisms and secreted enzymes,

affect the uptake of radiocesium. Factors affecting the

degree of uptake might be, the binding of radiocesium to

different materials, the rate of passage of the material

along the gastro-intestinal tract, the degree of

incorporation into microbial tissue, and the absorption

mechanism (Mayes, 1989).

Cesium was found to pass into the cells of the muscle

through both active and passive transport (Sjödin &

Beauge, 1967; Szentkuti & Giese, 1974).

The transfer coefficient, Ff, of 1 3 7Cs from fodder to

muscle of a dairy cow is defined as:

Activity per kg of muscle (Bq kg"1 fresh weight) / Daily

radionuclide intake (Bq d"1) (IAEA, draft).

The Ff of
 1 3 7Cs to muscle of a dairy cow is about 6 times

higher than the fm (Coughtrey, i989). The biological

half-life of 137Cs in muscle of cow was found to be about
1 i i

30 days (Sansom, 1966). 137Cs was excreted more slowly if
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the dairy cow was in a late gestation phase. For several

species of ruminants, for example goat, sheep and moose,

higher transfer coefficient of 1 3 7Cs to muscle (Ff) has

been observed for young than for adult animals (Twardock

t Crackel, 1969; Howard et al. 1939; Palo et al., 1991).

The observed differences in Ff between adult and young

aninals could be explained by changes with age in either

absorption fro* the gut, metabolism of cesium, by effects

associated with body size, or by differences in choice of

feed. Recent findings show that the difference in Ff

values between ewes and lambs cannot be explained by

difference in true absorption (Mayes et al., 1992).

Transfer of 1 3 7Cs to cow milk

The transfer coefficient ( F m ) :

Activity per litre of milk (Bq 1-1)/Daily intake of

radionuclide (Bq d"1)

The Fm is valid only at equilibrium between radiocesium

intake and secretion in milk (Ward & Johnson, 1986). The

biological half-iife for radiocaesium in cow milk was

observed to be 4 days (Van den Hoek et al., 1969) or 7-10

days (Bertilsson et al., 1988).

To achieve a correct estimation of the Fm, the

radiocaesium should be given at a fairly constant rate,

and the secretion of radiocesium in milk should be at

equilibrium with the intake, which is reached after 20
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days. However, Fm can be empirically calculated after

about 10 days for dairy cows (Hove, pers. comm., 1992).

Furthermore, a good knowledge of the intake of 1 3 7Cs

activity from the different kinds of fodder is essential

(Mayes, 1989). Weighing of the fodder should be

undertaken regularly. As for pasture, the amount of grass

actually grazed is estimated from the cow's need of

energy and the energy of the intake of supplementary

fodder. An estimation of the *37Cs intake from soil or

from plant may be difficult to achieve when the soil

intake is large in the forage or pasture (Bertilsson et

al., 1988). The soil intake after rain is further

discussed. During June 1987, the precipitation was twice

as much as during the same period in 1988.

In 1987, the transfer of 1 3 7Cs from pasture to milk, Fm,

was investigated on 11 farms in the counties of Uppsala,

Gävleborg and Västmanland (Paper I) during the first

month on pasture.

In 1987, the mean Fm was calculated to be 0.0055 - 0.0016

(meanis.D.) with a range of 0.0039 to 0.0076 in 1987 on

10 of these farms (Paper I). (In Paper I the transfer

coefficent is calculated for all 11 farms.)

During the same period in 1988, the mean Fm was

calculated to be 0.0071 * 0.0007, with a range of 0.0065

to 0.0080 on 4 of 5 investigated farms in a similar study

in the same region (Paper I).
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In other studies performed both before and after the

Chernobyl accident, the value of Fm was found to be

within a similar range. In 1992, IAEA presented an

average Fffi of 0.0079, with a range of 0.001 to 0.027

(IAEA, draft; Coughtrey, 1989). Ng et al. (1982) in

another review of pre-Chernobyl data presented a mean Fm

of 0.0071 with a range of 0.0025 to 0.012. The importance

of distinguishing between Fm of 1 3 7Cs from previous

research using different forms (radiocesium in tracer or

from nuclear weapons' test in the environment) was

emphasized by Ward and Johnson (1986).

Factors affecting the transfer of 137Cs to cow milk

The true absorption across the gut of sheep has been

determined for different feeds. A trend was observed: the

true absorption for 1 3 7Cs incorporated in grass

vegetation was slightly higher than for *37Cs in ionic

form or for that incorporated in heather (Calluna

vulgaris) (Beresford et al., 1992). A significantly lower

true absorption of 1 3 7Cs was observed for vegetation

contaminated by marine discharges from the Sellafield

Reprocessing Plant, where much of the *37Cs activity is

bound to silt. Radiocesium from the Chernobyl fallout has

resulted in relatively higher 137Cs transfer to sheep

tissue than in sheep grazing where the main 1 3 7Cs intake

comes from vegetation contaminated with silt near the
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Sellafield Reprocessing Plant (Howard, 1985; Sumerling,

1981; Suroerling et al., 1984; Howard, 1987). The

difference in true absorption might also influence the

transfer of 137Cs to cow milk (Paper I), and can be

explained by either of the following factors:

1. Bioavailability of 1 3 7Cs

Different physical and chemical forms of Cs have been

found to be absorbed differently in the gut. In an

investigation of the bioavailability of 1 3 7Cs of hay,

harvested in 1986, 1987, 1988 and 1989 and fed to goats,

the Fm of the Cs in the hay from the later years was

found to be higher than from hay harvested in the year of

the fallout (Solheim Hansen & Hove, 1992). The Fm for hay

harvested in 1986 was calculated to be 35 % of the Fm for

ionic 134Cs (134CsCl); the Fm for hay harvested in 1987

was 76 % and for hay harvested in 1988 and 1989 the Fm

levels were about the same as for ionic 1 3 4Cs. An

explanation of this was suggested to be that 1 3 7Cs is

more readily absorbed by the animal when incorporated in

the plant than in particles of the fallout, as could be

found in the first year after the fallout (Howard et al.,

1989; Ward et al, 1989).

Hilton et al. (1992) found the Chernobyl radiocesium from

1986 to be more mobile than weapons fallout from 1959.

Approximately 70 % of the Chernobyl material was observed
i

to be water-soluble, compared to only 8 % of the weapons
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fallout and 50 % of Sellafield material after chemical

extraction.

2. Soil intake

On days after a heavy rain, the 1 3 7Cs activity

concentration was on some occasions observed to increase

in milk of cows on pasture in the present investigations

(Paper I). An explanation might be that the grass became

contaminated by soil, when the rain drops splashed the

ground. Depending on the soil type, * Cs activity levels

in milk might be altered. On the other hand, pasture is

more palatable for the cows after rain, and the total

intake might be increased.

The 13 Cs intake from organic soil given in the fodder to

goats was found have no influence on the Fm in an

experiment performed in Norway (Solheim Hansen & Hove,

1992). Burmann (1967) found a difference in the 137Cs

transfer between "top grazers" and "bottom grazers", as

the cows grazing the bottom of the grass also grazed old

plant material from the mat layer and soil, thus leading

to higher levels of 137Cs in the milk. Observations from

the present study (Paper I) indicate that the 137Cs

activity concentration in milk was increased when the

pasture was overgrazed, and the cows had to graze close

to the ground. The grass was then often contaminated with

soil, which was visually observed. The bioavailability of

1 T 7

XJ Cs in soil seemed to be different depending on the

type of soil (Desmet et al, 1991). The soil intake is

difficult to estimate in forage and grass, and should be
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considered as a source of error in estimating the daily

1 3 Cs intake. The soil intake of a cow on pasture may be

as much as 1 kg per day (Fries & Marrow, 1982) .

3. Fibre intake

The transfer of *37Cs to milk is found to be lower from

diets of high fibre content compared to low fibre diets

(Johnson et al., 1968). In the present study (Paper I),

no significant differences between the farms giving

supplementary fodder of hay or silage could be seen. The

influence of the crude fibre content on the 1 3 Cs

transfer to milk is still being discussed.

4. Intake of potassium

Sansom (1966) reported no effects on the *3^Cs transfer

to milk by changing the potassium intake.

In the present investigations, the diets contained about

the same amount of supplementary potassium.

Transfer of 137Cs to roe deer muscle

In some areas of the counties of Västmanland and

Gävleborg, the 1 3 7Cs activity concentrations of roe deer

muscle exceeded in periods (Paper II) the Swedish action

level of 1,500 Bq kg"1. In August-September 1987 and 1988
i in

the average iJ Cs activity concentrations of roe deer
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muscle were about 5 times higher than in the spring time,

up to nearly 12,000 Bq kg"1 in Gävle commune.

Roe deer is a pronounced selector (Hofman & Stewart,

1972), with a very restrictive selection of its feed

plants, and the diet shows a strong seasonal pattern

(Cederlund et al., 1980; Bergström et al., 1993). As the

1 3 7Cs activity concentration differs between various feed

plants (Table 2; Paper II), the daily intake of 1 3 7Cs in

roe deer was also variable over the seasons. The

variation of Cs activity concentration found in roe

deer muscle corresponded relatively well with the

variation of the estimated 137Cs intake (Paper II).

The maximum levels of 137Cs activity concentration in roe

deer muscle were found in August-September (Paper II) .

Roe deer diets during these months contain a high

proportion of fungi, up to 20 % of the rumen content

(Fig. 6; Paper II), and 137Cs activity concentrations in

fruit bodies of fungi are higher than in vascular plants.

In 1987, the mean 1 3 Cs activity concentration in various

species of fungi were found to be about 50,000 Bq kg~*dw.

(Johanson et al., 1991). Even in 1992, the 137Cs activity

concentration in fungi was just as high (Johanson, pers.

comm.). Elevated levels of 1 3 7Cs in fungi with possible

relationship to high levels of 1 3 7Cs in white-tailed deer

was observed during 1968-1969 by Johnson & Nayfield

(1970). The uptake of 137Cs in fungi is described in

Oisen et al. (1990) and the bioavailability of 137Cs in

fungi was investigated by Solheim Hansen & Hove (1991)
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and found to be as high as for 134CsCl given as solution

in goat.

The hunting period for roe buck starts on August 16. Due

to the high 1 3 7Cs levels during this period the hunters

in the most contaminated regions of Sweden are now

allowed to hunt roe buck also in May and early June. The

mean 1 3 Cs activity concentration in roe buck at that

time is about 5 times lower than in August and September

(Johanson & Bergström, in press).

Reduction of 1 3 7Cs in silk over time

The effective ecological half-life has been defined as

Teff Tphys Teco

Teff - the effective ecological half-life

Tphys = t n e Physic^1 half-time

T e c o = the half-life of stable element in the ecosystem

and has been used as a measure of reduction of 1 3 7Cs in

animal products over time also in agricultural systems.

The 1 3 7Cs activity concentration in milk has decreased

about 50 % from 1987 to 1988 during the pasture season,

on the intensively managed farms. The precipitation in

the study area was double the amount during June 1987 as

during the same period in 1988. In 1989, a further

decrease of 50 % in the 1 3 Cs levels was observed on one

farm where the sampling of milk continued (Paper I).
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In grass, the average 1 3 7Cs activity concentrations

decreased 30 % from 1987 to 1988. These farms have been

performing an intense management and followed the

recommendations of the Swedish Radiation Protection

Institute, including extra potassium fertilizing,

ploughing and harvesting hay or silage with a higher

stubble height in 1986.

On the farm utilizing natural pasture and extensive

management, where no countermeasures were undertaken, the

Cs activity concentrations in milk and pasture

decreased at a slower rate. The Cs activity

concentration in milk on the farm using semi-natural

pasture of peaty soil decreased about 40 % from 1988 to

1989 during the pasture season, but increased again 20 %

to more than 120 Bq kg"1 in 1990 (Paper I).

For roe deer, the 1 3 7Cs activity concentrations in muscle

have not decreased from 1987 to 1992 (Johanson,

unpublished). In /ovember - December 1992, the average

137Cs activity concentration of roe deer muscle in Harbo

region was still about 1,500 Bq kg"1.

Transfer of 137Cs to man from various ecosystems

For milk from an intensively managed farm where the

recommended countermeasures were undertaken, the

T T 7
potential transfer o2 Cs, assuming a consumption of 3
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1 of milk per week, would have been about 7,800 Bq during

1987 corresponding to 0.1 mSv (the mean 1 3 7Cs activity

concentration in milk was 50 Bq kg" 1), 4,700 Bq during

1988 corresponding to 0.06 mSv (30 Bq kg' 1), and 3,100 Bq

during 1989 corresponding to 0.04 mSv (20 Bq kg )

(Karlen, unpublished).

For milk from the extensively managed farm with natural

pasture in the woods, the potential transfer of ^-"Cs

would have been 23,000 Bq corresponding to 0.3 mSv during

1988 (150 Bq kg" 1), 3,900 - 12,500 Bq y"1 corresponding

to 0.05 - 0.16 mSv per year during 1989 - 1990 (25 - 80

Bq kg"1) (Karlen, unpublished).

The milk was continuously controlled by the dairies, and

if the 137Cs levels were to high, it was not used for

human consumption.

The mean transfer of 1 3 7Cs to the human food chain in the

Harbo region has been estimated to be 16,000 Bq per roe

deer corresponding to 0.2 mSv in the Harbo region

(Johanson & Bergström, in press).

CONCLUSIONS

I. The mean Fm for the first month on pasture of 10 farms

in 1987 was calculated to be 0.0055 - 0.0016 d I"1 with a

range of 0.0039 to 0.0076.
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II. During the same period in 1988, the mean Fffl was

calculated to be 0.0071 * 0.0007 d 1 ~1, with a range of

0.0065 to 0.0080 in a similar investigation of 4 farms.

III. The 1 3 7Cs activity concentration in milk of the

investigated farms was observed to decrease roughly by 50

% from 1987 to 1988 the corresponding first month on

pasture.

IV. The variation of *37Cs activity concentration in roe

deer muscle corresponded relatively well with the

estimated seasonal variation of 1 3 7Cs intake from

different feed species.

V. From an intensively managed farm, the potential

transfer of 1 3 7Cs was estimated to be 4,700 Bq during

1988 by milk, corresponding to 0.06 mSv. From an

extensively managed farm, using semi-natural pasture of

peaty soil, the potential transfer was estimated to be

23,000 Bq during 1988 corresponding to 0.3 mSv by milk.

The potential transfer of 137Cs to human food chain has

been estimated to be 16,000 Bq per roe deer corresponding

to 0.2 mSv in Harbo region.

VI. The 1 3 7Cs activity concentrations in cow milk of

intensive management system, where the recommended

countermeasures were undertaken and the dairy cows grazed

under controlled conditions, were decreased faster than

-17-



in extensive management systems utilizing natural pasture

of peaty soil, where the cows grazed freely.

In the semi-natural forest ecosystem, Cs activity

concentrations in roe deer muscle have not decreased

during the period 1987-1992.

Therefore, as parts of the human food chain, 1 3 7Cs in roe

deer meat can be expected to remain relatively high much

longer than 137Cs in cow milk on the farms in the regions

of Chernobyl fallout. The described extensively managed

farm in Central Sweden is not typical for the region.

137Cs in roe deer meat contributes to a higher extent to

the radiation dose that is actually reaching the people

living in these regions.
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