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1. Introduction 
Austria has been one of the Middle European Countries that 

have been affected most severely by the radioactive contamination 
of the environment following the Chernobyl nuclear reactor 
accident in April 1986 /l/. Even nowadays, nearly two years 
later, the Austrian External Gamma Dose Rate Surveillance System 
with its 336 stations, that are on-line connected to provincial 
and federal alarming headquarters, shows levels well above the 
pre-Chernobyl natural background. Fig. 1 presents the situation 
for Austria in April 1987, one year after the accident (natural 
radiation is subtracted). The original deposition pattern still 
can be seen very clearly. 

In general, the contamination levels for foodstuff that had 
high radiocesium levels in 1986, are now low. Exceptions are game 
coming from high-fallout areas (with levels in roe muscle tissue 
up to 7950, in kidney up to 10800 Bq/kg fresh weight for Cs-137 
in November 1987, or up to 17575 Bq/kg in wild boar in winter 
1988) and various species of fungi. Even if the absolute contri
bution to dose is not very high because of low consumption rates, 
the relative share in dose is large. 

To find a pattern in the regional distribution, but also to 
check the time dependence, a few studies concerning forest 
ecosystems were initiated. Beginning already in 1986 and continu
ing in 1987, an area in Siebenhöf, near the upper Austrian/Lower 
Austrian border, approx. 9 km Southeast of the Czechoslovak 
border, at 48'34'N, 14'50'E has been investigated (see fig. 2) on 
a rather phenomenological basis. Geologically it is a granitic 
region, covered mostly by forests, moors and small lakes. This 
paper presents some of the results for samples collected within a 
small area (circles in fig. 2). 

2. Methods 
Types of samples collected for the general investigations 

were soil and vegetation and in addition raw milk and meat from a 
nearby farm. Soil samples were taken using a circular sampling 
device with an area of 61.5 cm2 and a depth of 5 cm. The top 
layer of forest litter was removed separately. 

Vegetation samples mostly were different species of fungi, 
moss, lichen, grass, blackberry shrubs and different parts of 
trees (needles resp. leaves, bark, wood). 

In most cases the samples were dried after measurement so not 
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to loose eventual more volatile radionuclides. The measurements 
were done within the normal high resolution gamma spectrometry 
routine of our institute, using 35% Ge(Li) resp. 30% HPGe 
detectors and commercial spectrum analysis software (Canberra 
SPECTRAN-F and Canberra APOGEE). 

3. Results 
Because of the large amount of data collected, including for 

several aspects also other radionuclides besides Cs-137, and the 
limited time for this presentation, only three studies will be 
discussed here. 

3.1. Variation in deposition 
It is well known that following the reactor accident the 

variation in deposition, both on a regional but also on a local 
scale, has been very large 111. Therefore for the evaluation of 
the consequences there also has to be an estimate of the deposi
tion in the close vicinity of the sampling points. This estimate 
usually is based on soil samples, if no actual rain samples are 
available. In a forest ecosystem the top layer of forest litter 
(usually consisting of more or less decomposed needles, leaves 
and twigs) is the layer containing most or at least a large 
fraction of the fallout. Tab. 1 gives an overview over soil 
measurements, all samples taken in close vicinity. For samples 
with lower soil depth (ca. 2 cm) the lower "total deposition" 
value is explained as losses onto the the rock underneath or the 
thin soil layer on top of the rock that could not be collected. 
Although the ratio between litter and soil varies significantly, 
the deposition values are in good agreement. 

Another possibility for estimating the deposition is the 
sampling of moss because of its good ability to store water and 
by this to retain the fallout. Figs. 3 and 4 depict the activity 
concentration in different parts (separated by the respective 
colour) of two species of moss (Pleurozium schreberi and Pogona-
tum urnigerum; see fig. 5) growing on a rock in close contact. 
The total deposition values (by summing up the individual 
fractions) of 16.2 kBq/m* resp. 15.6 kBq/m2 are within the 
statistical and systematic deviation, but it can be seen, that 
the content in the bottom peat layer in the species of moss with 
the larger surface area (Pleurozium schreberi) is relatively 
lower. 

In comparison to the deposition values in soil there is good 
agreement. 

3.2. Variation in fungi 
Since the atomic bomb tests it is well known that certain 

species of fungi, e.g. Xerocomus badius, accumulate cesium. 
Because of high contamination values in fungi after Chernobyl 
nearly all over Austria, a country-wide monitoring programme for 
fungi has been established in 1987. Also within the Siebenhöf 
area, different species of fungi were collected (see fig. 2). 
Table 2 summarizes the results for the subsample collected in 
close vicinity to the above mentioned soil and moss sampling 
locations. Interesting from a mycologists point of view are the 
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low values of the edible boletus (that have been growing virtual
ly together) in comparison to other boletus, and the wide range 
of the relatively high values of Suillus variegatus, all growing 
within twenty metres. 

Since roe also feeds on fungi, the availability of different 
species with higher or lower concentrations of radiocesium may 
also play an important role in the contamination of deer. 

3.3. Variation in trees 
An important factor to predict the future behaviour of the 

contamination in forest areas is the evaluation of the input by 
falling needles. For this, a small subprogram has been set up, in 
which the Cs-137 content in needles of the different age groups 
for pine and spruce is measured. Since in April/May 1986 the 
sprouts of the trees were still very small, the direct contamina
tion mainly affected the older parts, whereas the content in 
needles and twigs from 1986 and 1987 is governed by translocation 
processes. 

Figs. 6 and 7 show the results for two specimen of spruce, 
growing approx. 350 metres apart, including values for the 
needles and the residual twigs (wood plus bark). The samples were 
taken in heights of ca. 4, 10 and 20 metres. In tree no. 1 (grown 
in an altitude of 900 m) the Cs-137 concentration in the top 
decreased quickly (as expected), whereas tree no. 2 (grown in 
950 m) showed an extraordinarily large growth in the 1987 shoots 
and higher contamination values than 1986 (unfortunately, the 
branch available had no older parts). The portions in the middle 
and in the lower regions of the trees that have been somewnat 
shielded and therefore not so much affected by direct contamina
tion, show only a small decrease in the Cs-137-content. The 
exception (the high value for wood plus bark in the 1986 bottom 
sample of tree no. 2) cannot be explained at this time. 

Table 3 presents the results for an approx.. 5 - 6 year old 
pine with additional information about soil, roots etc., collec
ted together with the (whole) tree. Since the size of the tree 
did not allow for an umbrella-li<e shielding of parts of the 
tree, the difference in direct contamination (older than 1986) 
and translocation can be seen very clearly, the Cs-137 values in 
needles e.g. decreasing by a factor of more than three. 

4. Discussion 
The paper presented data about the variability in the Cs-137 

contamination within different parts of a forest ecosystem in a 
high Chernobyl fallout area on a rather qualitative, phenomenolo-
gical basis. 

For the following years, a continuation of these studies is 
planned, with the aim of a more quantitative understanding of 
some of the underlying parameters, e.g. by vegetational mapping. 

In some other additional regions the relation between Cs-
content in game and in forest vegetation will be investigated 
more closely to be able to predict game contamination before the 
starting of the shooting seasons. 
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Fig. 6: Cs-137 in Spruce, Louer Rustria 
Date of sampling: 2-Jan-8B 

altitude: ""nam, age: 50 years 
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Fig. 7: Cs-137 in Spruce, Louer Rustria 
Date of sampling: 2-Jan-88 

altitude: 950m, age: 30 years 
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Tab. 1 : Cs -137 i n F o r e s t S o i l s ; S iebenhof , Lower Aus tr ia 
Date o f sampl ing : 30-Aug-1987 
Sampling i n t r i a n g l e s around c e n t r a l p o i n t 
S t a t i s t i c a l d e v i a t i o n : 1 .65 o 

Sample 
No. 

Distance to 
center, m 

Description Depth 
cm 

Bq/kg 
Dry Matter 

Bq/cm 1 

1 .1 0.5 F o r e s t l i t t e r : 
p i n e , spruce 

S o i l : 
hurius, rock 
underneath 

4660 i 150 

192 t 7 
1.05 

0.41 
total depos.: 14.6 kBq/m 1 1) 

1.2 

1 .3 

0.5 

0.5 

F o r e s t l i t t e r : 
s p r u c e , p i n e 

S o i l : 
humus 

Forest litter: 
pine, spruce, 
beech 

Soil: 
1 cm humus, grey-
brown 

1-2 

2431 t 74 0.61 
537 I 15 1.18 
total depos. 

3134 i 93 

592 • 22 

17.9 kBq/m 2 

0.42 

1.39 
total depos.: 18.1 kBq m a 

20 

20 

20 

Forest litter: 
beech, spruce, 
grass ca. 1 

Soil: 
1 cm humus, sandy 5 

Forest litter: 
spruce, grass, pine 

Soil: 
humus, sandy, rock 
underneath 3 

Forest litter: 
pine, beech, spruce 

Soil: 
humus, brown, 
red brown 5 

1717 t 144 0.35 
562 • 11 1.27 

total depos. : 16.2 kBq/m 1 

5015 t 48 0.56 

292 ± 7 0.56 
total depos.: 11.2 kBq/m ' 

4440 s 630 0.73 

266 i 11 0.85 
total depos.: 15.8 kBq/m' 

1) possibly losses onto rock 



Ca-137 in various Cunqi: Siebenhof. 
Date of sampling: 30-Aug-87 
al l sample* taken within 50 metres 
Stat. dev. 1.65 o 

Lower Austria 

Species Bq/kg fresh weight Bq/kg dry Batter 

Cantharellus cibarius Chanterelles 351 i 4 3308 '. 33 

Suillus bovinus Cow boletus 322 t 11 2801 96 
Suillus bovinus Cow boletus S14 • 26 6549 * 222 
Xerocomus chrysenteron 414 s 37 2146 • 185 
Boletus edulis 1) King boletus base 41 • 6 155 t 22 

(Penny bun. stalk 24. 4 • 2.2 544 • 48 
cep) pileus -pulp 38. 1 i 2.6 707 *> 48 

pileut -tubes 120 * 6 973 * 48 
Boletus edulis 1) King boletus base 53 • 5 215 • 22 

(Penny bun. •talk 31 5 • 1.9 699 • 41 
cep) pileus -pulp 59. 6 • 2.6 877 • 37 

pileus -tubes 118 t 4 995 • 30 
Suillus variegatus 2401 t 74 25270 • 780 
Suillus variegatus 3493 • 118 30640 • 1040 
Suillus variegatus 4433 s 178 19870 • 810 
Suillus variegatus 1746 • 63 18390 t 67 

Amanita rubescens Blusher 20 7 : 2.2 333 * 37 
Amanita rubescens Blusher 87 t 5 1273 • 70 

1) same mycelium, grown in direct contact 

Tab. 3 : Ca-137 in Pine; Siebenhof, Lower Austria 
age c a . 5 - 6 y e a r s , 89 en high 
Date of sampling: 30-Aug-1987 
• t a t . dev. 1.65 « 

Year: < 84 
Bq/kg dry Batter 

84 85 86 87 

Needles 
Wood, trunk •) 28 t 17 
Bark, trunk 907 i 56 
Wood • bark, 
twigs •) 

Wood • bark, 
trunk •) 

Bark • 
lichen 

940 x 120 
28 i 11 
940 i 130 

740 1 60 

910 i 80 
48 1 11 
600 x 22 

710 x 44 

290 i 45 285 t 40 

289 I 44 

200 x 19 

248 t 26 

1795 t 100 

Fine roots t i 0.2 mm 
Roots 0.2 < • i 5 mm 
Roots • > 5 mm 
Lichen 

511 * 70 
167 x 41 
411 t 11 

11140 t 560 

Forest litter, not decomposed 
Forest litter, decomposed 
Soil around roots, sieved i 1 
Soil around roots, > 1 

7440 x 260 
2764 x 56 

mm 422 x 15 
mm 266 J 15 

') including younger parts 

a 


