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1. Introduction

The Danube is the second longest river after the Volga in Europe. It rises in the Black Forest of south-
western Germany and, after a course of 2857 km and a total drainage area of about 817000 km , flows
into the Black Sea (STANCIK, 1988). The Danube has several Alpine tributaries (e.g. Lech, Isar, Inn,
and Enns), which drain from the Central Alps, the northern Limestone Alps and the northern Alpine
foothills. The long-term median of flow rate in Austria is about 1500 m3/s. The upper river has a
maximum discharge in late spring and early summer, owing to the melting snows of the Alps, some-
times causing the Danube to flood severely. Precipitation on its upper course ranges from 1000 to 1500
mm per year.

In the Austrian Danube section, with a length of about 350 km, 8 hydropower plants with a total in-
stalled power of 2000 MW are in operation. These plants split up the river into a cascade of partially
free streaming and reservoir sections with impounding dams. The decreasing flow velocities in the res-
ervoir sections from about 2.5 m/s to 0.3 m/s causing an increase in sedimentation of fine grained sol-
ids.

The average chemical water parameters of the Danube's upper part are: pH: 7 - 8 , electrical conductiv-
ity: 200 - 300 uS/cm, Ca2+: 50 mg/1 (CaCO3 - Ca(HCO3)2 - CO2), NH4

+: 0,4 mg/1, PO4
3": 0.2 mg/1,

NO3': 5 mg/1, AOX: 20 ug/1. The mineralogical main components of the Danube's upper part sedi-
ments are about 44 % clay and mica minerals, 30 % quartz and feldspar, 22 % carbonates and 4 % or-
ganic matter. The grain size of the sediments are distributed at an average into 15 % clay fraction
(< 2 urn), 70 % silt fraction (2 - 63 urn) and 15 % fine sand fraction (63 - 250 um). The high precipi-
tation activity in the Alps, together with the weathering processes in the high mountain, cause a wide
variation (four orders of magnitude) of suspended matter concentration in the Danube and its tributar-
ies.

Fig. 1. Collection of a sediment sample in an Alpine stream The environmental contamination of the
(Obersulzbach, Hohe Tauern, GroBvenediger, 14. 7. hydrosphere in the last decades (atomic
1994) weapon tests, Chernobyl accident) caused

an increase of anthropogenic radioactivity
in the Danube. Several investigations and
long-term routine monitoring on the Da-
nube's radioactive contamination were
done to observe the radioactive radiation
and evaluate dose assessments (e.g.
FRANTZ, 1967; TSCHURLOVITS et
al., 1979; RANK, 1990).

In a three year research study1 the radio-
ecological behaviour of the Austrian part
of the Danube was investigated. Main
objectives of this work were the im-
provement of possibilities for the char-

1 Supported by Verbundgesellschaft and Danube Hydro Austria (coordination Dipl.-Ing. Johannes Riegler)
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acterising of radioactivity concentration, age and origin of m 2> C o l , e c t i o n o f a 2 0 j w a t e r s ,e

sediment particles. Additionally, the effects of hydrologi- d u r i n g a flood p ^ ^ Otten-
cal and ecological parameters on the radioactivity should sheim, 21.7.1993)
be examined.

2. Methods

Water and sediment samples were continuously collected
at three locations of the Austrian part of the Danube (river
km 2146.7; 2094.5; 1949.2). The samples were collected
inside the cooling water circuit (mud deposition tub) of
hydro power plants. The routine sampling concept was
based on a daily removal of 2 litres of water and continu-
ous sedimentation of suspended soil particles in traps. Ad-
ditionally, several water and sediment samples from the
Danube, some tributaries, and flood depositions outside
the rivers were collected during and after flood events in
order to evaluate the influence of flood hydrology on ra-
dioactivity behaviour (Fig. 1, Fig. 2, Fig. 3).

To obtain the suspended material, each water sample of
about 60 1 of volume was treated in a flow-through centri-
fuge (Heraeus Labofuge 15000) for about 3 hours at 10000
rpm. By this procedure, solid particles with a density of 2.6
g/cm3 of grain size (Stake's) diameters > 0.4 \im were
separated from the water samples.

The centrifuged water samples free of suspended solids were evaporated in high volume vacuum rota-
tion flasks (Rotavapor) to generate measurable concentrations of dissolved radionuclides. This proce-
dure took about 24 hours for each 60-litre water sample and produced a residue of about 20 g.

For radiometric analysis of homogenised and dried (105°C) sediment samples low-level gamma-
spectrometry was used. By this method, which was carried out with three low-level Germanium de-
tectors in a specially shielded laboratory, the activity content of the gamma emitting radionuclides in
the samples were analysed. Because of the relatively low radioactivity concentrations long measuring
periods (24 to 72 hours) were necessary

Fig. 3. Collection of a fine sediment sample in a hydro
power plant reservoir with a dredge shovel (Danube,
Austria, 29.6.1994)

The determinations of the grain size dis-
tributions of the sediment samples were
carried out by stepwise wet sieving be-
tween 500 and 40 urn and below 40 um
by a Sedigraph analyser (Micromeritics
5000 ET).

3. Results

In the investigation period (1993 - 1996)
the median activity concentrations in the
Austrian part of the Danube in water (free
of suspended particles) are for Cs-137
about 1.2 mBq/1, for K-40 75 mBq/1, and
for Ra-226 2.0 mBq/1. The median activ-
ity concentrations of K-40 in solid parti-

to obtain reasonable counting statistics
for all the radionuclides of interest.
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cles in the Danube (sediment and suspended matter) is about 600 Bq/kg (dry weight), and of Ra-226
about 50 Bq/kg.

Fig. 4. Activity concentrations of monthly continuously collected fine sediment samples, Danube km 2147
- 1949, Austria (flow rate data: Danube Hydro Austria)

Pb-2i0ex

1993 1994 1995
time

1996

The average Cs-137 activity concentration of sediments decreases from 100 Bq/kg in June 1993 to
70 Bq/kg in June 1996 (Fig. 4). The Cs-137 concentration of suspended matter is about 1.67 times
higher than the Cs-137 concentration of bottom sediments.

Suspended matter and sediments are of high importance for the transport of Pb-210 and Cs-137 and of
less importance for K-40 and U-238 in the Austrian section of the Danube river. On average, 50 % of
K-40, 70 % of Ra-226, and 90 % of Cs-137 are transported with suspended solid particles. During
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flood periods the main part of annual radioactivity budget, which is mainly bound on particles, is
turned over.

The ecological half-life of this general exponential decrease since 1987 (240 Bq/kg) is about 4.5 years.
The fitted values were calculated from the measured values in consideration of the grain size distribu-
tions, the organic matter contents (biological influence), and the activities of natural radionuclides
(geochemical origin) of the sediment samples, and the general long-term decrease of Cs-137 in Danube
soil particles (MARINGER & JACHS, 1996). Therefore the great influence of the grain size distribu-
tion on the activity concentration is almost eliminated.

The average Pb-210 excess activity concentration (Pb-210ex) of Danube sediments is about 17 Bq/kg
(Fig. 4). As for Cs-137 the Pb-210ex concentration of sediments decreases in periods with higher pre-
cipitation and flow rates.

In Fig. 5 the monthly frequency distributions of the relative deviations of the fitted Cs-137 and
Pb-210ex values of Danube sediments
(investigation period 1989 to 1996) - Cs-137t and F'g- 5. Distributions of the deviations of the Cs-137t

and Pb-210exn activity concentrations of
sediment samples from the long-term aver-
age (box: 25 % to 75 % quantiles with me-
dian line; error bars: 10 % and 90 % quan-
tiles)
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Pb-210exn - are shown. It can obviously be seen
that from May through to September the activity
concentrations are generally lower and from Octo-
ber through to March are generally higher than the
long-term average activity concentrations. This is
due to more intensive weathering processes and
soil erosion in the alpine part of the Danube's
catchment in spring and summer. In the vegetation
period much more soil particles from deeper layers
(with less Pb-210ex and Cs-137 contamination)
come into the runoff than in winter. During the
winter when the soil has frozen only the upper
layer of the ground with a higher amount of fine
grained particles (clay) with higher Pb-210 excess
(atmospheric origin) and Cs-137 concentrations
come into the runoff.

4. Discussion

In the Austrian Danube's section the annual total
radioactivity load (dissolved in water and bound
on suspended particles) in the investigation period
(1993-1996) - calculated from the activity concentrations and the daily suspended matter flux - for
K-40 is about 6 TBq, for Ra-226 0.3 TBq, and for Cs-137 0.5 TBq.

The quantitative consideration of the grain size distribution on the Cs-137 and Pb-210 activity concen-
trations of sediment samples is strongly recommended in regard to the evaluation and interpretation of
activity measuring values. Additionally, the disturbing biological effects and regional (geochemical)
origin on the activity concentrations can be reduced by taking into account the organic matter content
(mass loss at 360°C) and a factor calculated from the activity concentrations of natural radionuclides
(K-40, Ra-226, Ra-228, and U-238).

The Cs-137 and Pb-210ex activities are very strongly and resistantly attached on the clay particles of
suspended matter and sediments. Therefore the Cs-137t approach is a meaningful 'time stamp' for
dating the Danube's sediments. It makes the dating of sediments with a resolution of 1 year and shorter
possible. The determination of the Pb-210exn activity concentrations of Danube sediment enables - like
a 'origin stamp' the distinction between resuspended reservoir sediments and - on the occasion of a
flood event - recently eroded soil particles.

May Jun Jul Aug Sep Oct Nov Dez Jan Feb Mar Apr

month
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