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INTRODUCTION

The deposition of radioactive material coming from the Cherno-

byl accident is very heterogenous in Sweden as a result of heavy

rainfall in late April 1986 in many

parts. The ground deposition of 137Cs

and 134Cs has been measured using an

aircraft equipped with Nal-detector

(Figure 1). When the deposition occur-

red the grass had just started to

grow in the region around Gävle (ef

Figure 1). About 200 km north (around

Sundsvall) the ground was still snow-

covered. Interception of 137Cs on

growing green grass was therefore

rather small in Sweden.

Figure 1. The ground deposition of
137Cs in Sweden.
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In some regions with the heaviest fallout agriculture is fairly

extensive. Many farmers, especially in the northern part of the

contaminated region, take only one cut of grass, resulting in

rather large amounts of last-year's-grass on the pasture and leys

in the spring. The interception of radiocesium in dead grass

material was higher than in the green grass and - more important -

there was no dilution by growing.

In the most contaminated region there was a restriction on

letting cows out on pasture in the early phase after the Chernobyl

accident. The restriction was, in two small areas of Sweden, not

lifted until June 25. The Swedish Agricultural Board also recom-

mended farmers to use higher stubble height than normal when

cutting grass for silage and hay in 1986. The farmers received

economic compensation from the government for the extra expenses

due to Chernobyl. About 150 million Swedish crowns (ca 25 million

US $) were paid to the farmers during the first post-Chernobyl

year.

137,
The Swedish action level for radiocesium in milk was 300 Bq of

per litre of milk. During the first year this level was used

for all food but in early 1987 it was changed to 1,500 Bq of 137Cs

per kg of certain food products such as reindeer meat, fish and

game animal meat. The aim of the counter-measures was to reduce the

radiation dose to Swedes to less than 1 mSv per year due to intake

of radiocesium from Chernobyl by food.

MATERIAL AND METHODS.

Since mid-May 1986, 4 dairy farms about 30-50 km south of Gävle

have been studied. The deposition of Cs in the region was

between 20 and 60 kBq per m2. Samples of milk and pasture grass

were taken regularly. The cows (the Swedish Red and White Breed)

on these 4 farms were let out on pasture at about the normal time

or some days later than under normal conditions. There was only a

small amount of last-year's-grass in the pastures on these farms.

In May and June 1987, 11 dairy farms in the same region were

studied with respect to the concentration of 137Cs in milk, fodder

and pasture qrass. The 4 farms studied in 1986 were included in

this study. Samples of fodder and milk were taken every day. All



stall-fed fodder was weighed twice a week and samples of the

pasture grass were taken in the field where the cows grazed. An

area of 1 m2 was cut and 2 samples were taken, one below and one

above 5 cm stubble height. The farmers used different pasture

management. The amount of complementary fodder also differed from

farm to farm. Hay or silage were used at some farms and all farms

used cereal-based concentrate.

The Cs concentrations were measured using hyperpure

Germanium detectors (ORTEC or PGT) placed in a low background

laboratory at the Department of Radioecology. The measuring

techniques are described in more detail by Mascanzoni (ref.l). The

chemical analysis of the fodder and pasture grass were performed

by the Swedish National Laboratory for Agricultural Chemistry.

The average consumption of pasture grass was calculated from

the Swedish standards for the cow's need of energy for maintenance

and production, deducing indoor feeding. The contents of fat and

protein in milk were obtained from the regular routines of test

milking.

RESULTS.

The amount of *^Cs in milk in 1986 on two farms is shown in

Figure 2. The period wac started when the cows were let out for

grazing in May (day 1 i- Hay 15). The start of the pasture period
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Fiq. 2. 137Cs concentrations in milk at two farms. Dav 1 was
May 15 1986, when the cows at one farm were let out to graze.



at these 4 farms was rather normal and not affected by the

restriction in 1986.

As can be seen in Figure 2, there were rather large variations

during the spring and summer of 1986 in the 137Cs concentration in

milk. The maximum peak of *• Cs concentration in milk appearing in

August 1986 (days 80 to 90) was seen after a very heavy rainfall.

There were very large differences in the distribution of 137Cs

in the top or bottom layers of the pasture (cf. Figure 3) . More

than 10 times higher 137Cs concentration in grass could be found

in the bottom layer (below 5 cm, about 30,000 Eq) in the pasture

compared to the upper part (above 5 cm, 2,500 Bq) . Due to this

difference of the 137Cs-concentration in the top and the bottom

parts of the grass in 1986, no transfer coefficients from grass to

milk were calculated in 1986. It was impossible to estimate the

intake of radiocesium to grazing cows.
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Fig. 3. In 1986 there were very large vertical differences in the

Cs concentration in grass.

In 1987 there was a much more homogeneous distribution of

radiocesium in the grass. The mean Cs concentration in grass or.

the 11 farms was 410 Bq/kg dm in the top of the grass (above 5

cm), and 500 Bq/kg dm in the bottom.

The 137Cs concentration in milk sampled at the 11 dairy farms

during the first month on pasture 1987 is shown in Figure 4. The

peaks in Figure 4-5 refer to occassions when the cows grazed on a

natural pasture situated in a forest where no potassium fertilizer

was distributed.
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Fig. 4.1-4.6 137Cs concentration in milk in spring 1987 at

11 farms. The study was started the day when the cows were let out

to graze (indicated as the first day in Figures.) - and continued

to June 17 at all farms. The transfer coefficients (d kg"1) are

shown for each farm in the Figure.



Fig. 4-7
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Fig. 4.7-4.11 137Cs concentration in milk in spring 1987 at

11 farms. The study was started the day when the cows were let out

to graze (indicated as the first day in Figure) - and continued to

June 17 at all farms. The transfer coefficients ( d kg"1) are

shown for each fann in the Figure.



Transfer coefficient the first month on pasture in 1987 was

calculated for 10 of the investigated farms to be 0.0052 d kg"1

with a range of 0.0024-0.0076. One farm - Figure 4-2 - was not

included when calculating the transfer coefficients since the

amount of fodder used at that farm was not well-defined.

As shown in Figure 4, the * Cs concentration in milk decreased

at almost all investigated farms in 1987 when the cows were let

out to graze. During the indoor period, silage and hay from 1986

were used, both containing rather high levels of 137Cs. An

exception was farm 4-2 where the cows were given low-contaminated

hay before grazing.

DISCUSSION.

During 1986 it was nearly impossible to estimate the intake of

radiocesium to grazing cows. The reason was the very heterogeneous

vertical distribution of radiocesium in the pasture. We found

about 10 times higher cesium concentration in the grass cut

between 0 and 5 cm compared to that found above 5 cm. Similar

heterogeneous distribution was also found by Lönsjö et al (ref.2).

At one farm they found 146,000 Bq per kg dm in the bottom layer of

a ley (0-5cm) , 19,400 at 5 to 10 cm, 1,200 at 10 to 20 cm and 800

above 20 cm. Although the cows at the 4 farms we studied came out

on pasture at normal time it was not possible to get relevant

samples showing the intake of the cows. The problem of taking

relevant samples for estimation of the intake became, of course,

still larger when the cows were let out with 2 weeks delay

compared to normal time.

At the Swedish University of Agricultural Sciences, a well

defined experiment for estimating the transfer coefficient was

performed in 1986. Dairy cows were fed with green-cut forage with

known 137Cs concentration (ref.3). Using forage cut with 5 cm

stubble height the transfer coefficient was found to be 0.0019 d

kg'1 and with 15 cm stubble height 0.0067 d kg"1. The differences

may be explained by the grass being more highly contaminated with

soil when using grass cut with low stubble height.

The mean transfer coefficient estimated in the 1987 study is

0.0052 d kg"1. Since there was a rather homogenous vertical



/ distribution of the 137Cs in the grass, we assume that the intake

of radiocesium was well controlled in this study. The variations

from farm to farm were rather low with a range of 0.0024-0.0076.

Larger variations could be seen in the 137Cs concentration in

milk, the reasons being mainly the soil parameters which affect

the root uptake of radiocesium. It is well known that the content

of organic matter in the soil, the potassium status of the soil,

the age of the pasture and the species composition are parameters

affecting the root uptake of cesium.
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