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ABSTRACT

Due to large differences in precipitation levels in Austria at
the time of the Chernobyl accident a vide range in ground
deposition of Cs-isotopes was observed in Austria. Accordingly,
large regional variations in the activity concentrations in
foodstuff were observed. While in the first year of the acci-
dent the regional distribution of the activity concentration
is practically identical with the deposition pattern, in the
following years large discrepancies between food activity
concentration and deposition levels are apparent.

Milk was chosen as a sensitive indicator of activity con-
centrations in food and fodder as milk averages over a great
number of animals and fodder area. x37Cs-activity concentra-
tions measured in large collective samples are compared to
ground deposition of 13<7Cs in that area. Ratios between milk
activity concentration and deposition levels vary by more than
a factor 10 with the highest ratios observed in extensively
cultivated areas. These may be grouped into three categories
with high, medium and very low fixation of Cs caused by soil
type, but predominantly by organic content and depth of the
soil profile. The reduction factor in :37Cs-availability as
indicated by the activity concentration in milk from first to
third year amounted to 0.003 - 0.04 in most areas while in
Alpine pastures only a minor reduction of less than 60 % was
observed.

INTRODUCTION

Due to the high fixation of fallout-cesium in most soils, in
particular in soils with high clay content, a considerable
reduction in cesium availability and therefore in activity
concentration in plants grown on that soil occurs in the years
following a significant radioactive fallout. This was also
observed after the Chernobyl accident in all types of plants



grown on broken soil with reduction factors in the activity
concentration from first to second year of 20 - 100 [1,2].

A smaller reduction in the activity concentration was ob-
served in grass (unbroken soil) and products derived therefrom
(milk, meat). Yet, it amounted to about a factor of 5 - 10 from
first to second year contamination levels and a similar reduc-
tion from second to third year. This applies, however, only for
intensive pastures. Animal products from extensive pastures
show very small, sometimes no reduction in activity levels at
all indicating a high and unchanged level of Cs-availability in
these areas.

Milk is usually considered to be a very sensitive and
qualified gauge in large-scale radioactive contaminations for
two reasons:

- the transfer fodder - milk is considered to be independant of
the fodder type

- the measured milk values give means over a large area. This
significantly reduces the problem of appropriate sample
taking which is particularly of importance with grass, but
also other .type of fodder. One liter of milk averages over
approximately 50 m2 of grass (100 - 200 m2 in extensive
pastures); a sample of a 1000 L milk-tank averages over app.
5 ha (12.4 acre) and gives a highly representative sample of
the contamination in this area.

Therefore, the activity concentration in milk was used in
this work as a gauge for the cesium-availability in various
environments and its variation with progressing time.

ACTIVITY CONCENTRATION IN MILK VERSUS
137CS-DEPOSITION ON GROUND

In the direct contamination phase activity levels in grass and
therefore milk and meat derived from it are proportional to the
sum of dry and wet deposition of radionuclides on plant surfa-
ces. One might also expect this for the activity concentrations
in the long term (2nd and 3rd year after deposition) if minor
variations in the activity concentrations due to different
soil-to-plant transfer parameters, according to different soil
properties, are neglected. Actually, however, significant diff-
erencies between diverse ecological environments, in particular
intensively and extensively cultivated pastures, are observed.

To demonstrate this, the deposition of 137Cs was evaluated
in different areas of Austria and compared to the activity con-
centration in milk produced in the same area two years after
the Chernobyl accident. The chosen area size was approximately
20 km2, but not larger than 100 km2 to avoid influences of
local variations in fallout.



In many cases the 137Cs-deposition was determined by in-
situ gammaspectroscopy which by itself yields an average value
over an area of approx. 100 m2 [3,4], The deposition in the
other areas was obtained from soil samples measured in a well-
shielded Ge(Li)-detector in the laboratory [5,6,7]. In both
methods efforts were undertaken to avoid single spot measure-
ments. Except for a few isolated locations, the deposition
values usually represent an mean over 5 to 20 single measure-
ments (indicated in Tab. 1 by the standard deviation).

The activity concentration in milk was determined in
samples taken from large tanks as collected by the dairies on
their tours, thus averaging over areas of several ten km2

[8,9,10]. In most cases several tanks were combined and an
average of these was used as representative value of that area.

TABLE 1
Ratio of 137Cs-activity concentration in milk two years after

the Chernobyl accident to the 137Cs-deposition on ground

Site

Stotzing
Amstetten
Garsten/Linz
Ried
Innsbruck
Lutzmannsburg

Enns
Horn
Hartberg
Stainz
Stainach
Gmünd
Weitra

alpine
pasture in:
East-Tyrol
North-Styria
South-Salzb.

pasture in
1000 m altit.
in Bohemian
cryst.zone

soil
charac-
teristic

I:
neutral
Cambisols,
Fluvisols
(+neutral)

II:
Dystric
Cambisols,
Podzols
(acid,
sandy)

III:
alpine
Dystric
Cambisols,
Podzols
(acid,
sandy)

137Cs-act.
concen-
tration
in milk
[ Bq L- l ]

0.22
1.5
3.1
3.0
1.5

0.47+0.14

12.5
0.85
4.9

14.1+3.7
13.8+4.2
10.0
13.7

89
481
476 ± 69

70.3

Average
1 3 7 C s -
deposition
[ kBq m-2 ]

7.1 + 1.2
26.4 + 20.3
29.5 + 8.5
24.0 + 14
12.0
3

53.0
3.5

18.0
52.5+14.9
54.5
28.3 + 14.8
27.9 ± 13.1

50
250
27.1

24.3

Ratio
activ.cone.
deposition
["Bq L~
LkBq m

0.04 +
0.06 +
0.11 +
0.13 +
0.13
0.16 +

0.24
0.24
0.27
0.27 +
0.25 +
0.35 +
0.49 +

1.8
1.9

17.6

2.9

1 1- 2J
0.01
0.04
0.03
0.08

0.05

0.10
0.08
0.18
0.23



The ratios of activity concentration in milk to ground
deposition is given in table 1. Two years after the deposition
three categories of ratios may be clearly distinguished:

- one with low ratios of 0.04 - 0.18 Bq L~x/kBq nr2 indica-
ting high fixation of cesium in the soil and rather rapid
clearance of Cs from the root layer. The majority of
Austrian soils are within this range

- higher ratios of 0.19 - 0.50 indicating a somewhat lower
fixation of Cs in the soil

- ratios above 1.0 which are characteristic for soils of high
organic content, low soil depth (sometimes only 2-3 cm) and
low growth rate. These soils are typically extensively used
(high alpine pastures or meadows in cristalline rock
areas). Only a small fraction of milk (less than 1 %) is
produced in these pastures and in most cases only during a
limited period (summermonths).

Only the third group obviously gives rise to significantly
higher long-term 137Cs-activity concentrations in milk (and
other foodstuff) produced in that area. The cause for this
continuing high availability of cesium in these areas is

- high organic concentrations in the soil
- low clay content
- low potassium content
- extremely shallow soil profile.

It should be noticed from table 1 that in most cases the
total deposition in these areas was not the highest deposition
observed after the Chernobyl fallout. On the contrary, quite
often it was significantly lower than that in high fallout-
areas in the plains were activity concentrations in milk and
meat two years after the fallout show similary low values as
observed in the rest of the country. This clearly demonstrates
the strong influence of soil parameters and in particular of
the concentration of organic matter in the soil which are the
cause for a continuously high mobility of Cs in the root zone.

CHANGE IN THE ACTIVITY CONCENTRATION WITH TIME

These large discrepancies between intensively and extensively
cultivated pastures are even more obvious when we look at the
decrease of the activity concentration in milk in the years
following the accident. Table 2 shows the :37Cs-concentrations
at various times after the fallout. The average decrease
between peak contamination levels in the first year and those
in 1988 amount to approximately 96 % to 99,9 % in intensive
pastures. In extensive pastures in the high Alps the reduction
amounts to less than 60 %, in some pastures no reduction at all
has been observed until now. In an area with a mixture of ex-
tensive and intensive pastures (Stainz) a reduction between the
two extremes is observed. Since also in this area the intensive
cultivation is dominant, the reduction amounts to 92 %.



TABLE 2
Decrease in 137Cs-activity concentration in milk after

the Chernobyl fallout

Site

Seibersdorf area
Salzburg town
Villach
Leoben
Graz
Stainz
alpine pasture in
central Tauern
alpine pasture in
Radstädter Tauern

Activity concentration in milk

peak value
1986

37.0 +
233.0 +
85.1 +
80.3 +

120.0 +
172.0 +

152.0 +

196.0 +

5
40
23
19
17
27

39

56

winter
average
1986/87

13.0
51.8
32.3
13.7
23.4
44.4

_

average
value
1988

0.1 + 0.07
4.9 ± 1.7
3.0 + 1.9
0.05
4.8 + 2.6

14.1 ± 3.7

67.0 ± 10

279.0 + 106

[Bq/kg]
Ratio
198£

peak 1986

0.003 +
0.021 +
0.035 +
0.001 +
0.040 +
0.082 ±

0.44 ±

1.4 ±

0.002
0.008
0.024
0.0002
0.022
0.025

0.13

0.7

In fig. 1 the activity concentration of 13<7Cs in milk in
the first two years is displayed for six different sites in the
province of Salzburg. All sites are within a distance of 100 km.
While the three valley tours (milk collecting tours in the hilly
country outside the Alpine region) show a significant decrease
in activity concentration from first to second and to third year
comparable to the Austrian average (also displayed in fig. 1),
the three sites of Alpine pastures above an altitude of about
1000 m show very little reduction with time. It should be noted
that due to a long snow cover period these pastures are only
used for grazing during three to four summer months. Therefore,
activity levels in milk may be only obtained in these months.

It is obvious from fig. 1 that the 137Cs-activity concen-
tration in milk two years after the fallout is not directly
linked with the x37Cs-deposition in the area. The deposition in
most alpine pastures and in particular in those given in fig. 1
was not higher than in the valleys and plains outside the Alps.
Therefore, the initial contamination immediately after the acci-
dent is in most cases not higher than in the valley. In contrast
to a significant reduction with time in the low-altidude, inten-
sively cultivated pastures, extensive pastures show no or only a
minor decrease.

The small reduction of activity concentrations in milk from
alpine pastures is probably due to the extremely low clay
contents of those shallow soils. Therefore the Cs-activity is
mainly bound to the organic substances and highly available to
the plants.
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Figure 1. Variation in x37Cs-activity concentration with time
in six different areas within one province.

DOSE ESTIMATES

From fig. 1 it seems obvious that cesium in these alpine pastu-
res will not significantly decrease in mobility throughout the
next years and therefore the activity concentration in milk (or
meat) produced in these areas will not alter considerably,
certainly not in the rate observed in the large majority of
intensively cultivated pastures. This raises the question of the
dose received by persons drinking milk from these pastures.
Tab. 3 gives the intake values and derived dose estimates for
various population groups who exclusively drink milk from these
areas (average 137Cs-activity concentration of 70 Bq/kg).

Clearly, each of these groups is exposed to very low values
which do not require any special countermeasures to protect
them.



TABLE 3
137Cs-intake and derived effective dose equivalent

for exposed groups on alpine pastures

Population group

mountain hiker

adult shepherd

5 y child

consumption

0.5 L every
day for one week

0.3 L/d for
4 months

0.5 L/d during
vacation
(2 months)

intake of
1 3 7 Cs
[kBq]

0.25

2.56

2.10

effective dose
equivalent*

[mSv/a]

0.0046

0.047

0.023

* dose includes also 1 3 4Cs (0.21 Bq 134Cs per 1 Bq 137Cs in
July 1989), dose factors according to HENRICHS et.al. [11].

This results from two facts:

- Although significantly higher than in the rest of the country
the contamination levels are not dangerously elevated (in the
range of EC-intervention levels).

- the exposure is limited to a certain period of the year and
only one, though major, foodstuff.

The contribution to the collective dose of the Austrian po-
pulation by milk from these pastures is negligibly small. Accor-
ding to DAX [12], only 0.33 - 0.4 % of the Austrian milk derives
from Alpine pastures of which less than 5 % are contaminated at
a level given in Table 1 or fig. 1. Since the contribution of
milk to the x37Cs-intake amounted to approx. 30 % [1] in 1988,
the overall contribution by milk of these pastures to the
collective dose is less than 0.1 % and therefore negligible.

CONCLUSION

The longterm decrease in Cs-activity levels in milk after a
large-scale radioactive fallout may be characterized by three
categories: high fixation of Cs in soil, medium fixation and
very low fixation in extensive pastures. The later results in
very low decreases in activity levels in milk or meat produced
from that area. This may cause a significant problem after a
high fallout in contrast to the Chernobyl fallout where activity
levels were so low that they will not cause a considerable dose
to the most exposed group nor contribute a significant fraction
to the collective dose of the Austrian population.
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