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ABSTRACT

A PHARE (Poland Hungary Aid for Reconstruction of Economy) subsidized study was
initiated in 1995 with coordination of Vituki Innosystem (Hungary) and with participation
of Austian, Romanian, and Hungarian research institutes to reveal and investigate in detail
hot spots of radioactivity and sources of contamination in the Danube catchment area. The
general objective of the project was to assess whether or not potential upstream
radionuclide sources in the countries in the upper part of the Danube basin have resulted in
evidential downstream accumulation of radionuclides and have a potential to the Black sea
contamination. The presentation summarizes the results of the international joint research
study, and some other data obtained in the framework of cooperation between monitoring
institutes of the riparian states.

INTRODUCTION

The Danube is the largest international river in Europe, its length is almost 2900 km, the
catchment area is comprises more than 800 thousand km2. The Danube flows through nine
countries and drains a total of fourteen. Nearly 70 million people live in the Danube
catchment area and use the river for various purposes including the production of drinking
water, irrigation of agricultural areas, fishing, sport and recreation, water supply for the
industry and transportation. The river is the main receptor of waste water in its drainage
area.
Among the various pollutants of the Danube water, some radionuclides of both natural and
man-made origin can also be found. The most important sources of the man-made
radionuclides are atmospheric nuclear weapon tests, and releases from the Chernobyl
accident. The major nuclear installations sited in the Danube catchment area, including the
already existing nuclear power plants in Germany, Czech Republic, Slovak Republic,
Hungary, on the territory of the previous Yugoslavia and Romania are considered to be
potential sources of radioactive pollution of the river. It was presumed that different
scientific, applied research and health care institutes producing and using radioactive
isotopes and isotope labelled compounds can contribute also to the radioactivity levels of
the Danube.
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The growth of nuclear power in the Danube catchment area and the problems associated
with the potential increase in radioactive pollution of the river raised several questions
concerning the safe utilization of the river water. The nuclear accidents in the recent years,
particularly the Chernobyl reactor accident led to serious anxiety among the citizens of the
riparian states. In the case of a large scale nuclear reactor accident the main route of the
disperson of the radioactive contamination is the air transport with subsequent fallout and
dryout. But the nuclear installations release radioactivity to the environment even during
the normal so called "routine11 work, and one of the most important routes of this type of
release is through the waste-water effluents. According to radioecological studies around
the NPP-s it was concluded, that dose impact from the routine release of the reactors to the
population is negligable (Szabo, 1994, Guczi et al. 1995).
In the conclusions of the previous Danube investigations (IAEA 1982, Cousteau 1993) it
was stated, that low activity concentrations of natural and artificial radionuclides have been
detected in Danube water, sediment and fish. A negligible portion of this radioactivity may
stem from nuclear facilities sited in the Danube catchment area. The fallout from the
Chernobyl originated radioactive plume substantially enhanced the level of water and
sediment contamination by radionuclides of man-made origin in the Danube basin (Rank et
al. 1990, Kurtacs et al. 1994). According to the results of previous investigations, no serious
contamination of the Danube and the catchment area in the upper or lower basin of the river
(Austria, Slovak Republic, Hungary, Romania, Ukraine) has been detected (Kurtacs et al.
1994, Gedeonov et al. 1993,). Nevertheless, in reservoirs in the upper stretch of the Danube
U7Cs contamination of the sediments increased by about two orders of magnitude (Rank et
al. 1990). The enhancement was followed by gradual decrease, and this process has been
going on since then (Maringer et al. 1993, Maringer and Jachs 1996). No hot spots of man
made or natural radioactivity have been found in this region.
In spite of the opinion of the experts that the nuclear power production is one of the most
safe industrial activity, it cannot be excluded, that an accident with release of radioactivity
to the water effluents could take place. To minimize the health and environmental effects of
such an accident, the main routes, the dispersion and transport characteristics of the
radioactive substances in water ecosystems have to be known.
Another important objective of the study was investigation of naturally occurring
radionuclides in the Danube water and sediments. The data from these measurements could
help to assess the contribution of human activity such as mining, ore processing and waste
disposal of non-nuclear industry on the Danube catchment area. The radionuclides
contained in the Danube may contribute directly or via the foodchain to radiation exposure
of the population in addition to other environmental sources.
General objective of the presented study was to assess impact of potential upstream
radionuclide sources in the riparian countries in the lower part of Danube basin, and to
reveal downstream accumulation areas of radionuclides, if any. The work was carried out
with the purpose to produce a set of reference data for aquatic environmental radioactivity,
that indicate the level and distribution of radioactive contamination in the Danube.
Pollutants related to nuclear facilities and conventional industries in the Danube catchment
area were considered.



SAMPLING SITE SELECTION, MATERIALS AND METHODS

Site selection for the sampling activity was based on the most common and well known
phenomena of sedimentation in reservoirs and near water engineering constructions, such as
barrages, dams and other river flow regulation works. In the riparian states there are a great
deal of laboratories, research institutes and hospital facilities, using radionuclides for
different purposes. Most of the radioactive materials are deposited thereafter in nuclear
waste disposals, but some can appear in the natural waters from passing the sewerage
systems. Consequently, the main attention of the site selection was given to the
sedimentation areas, to the major tributaries of the river, to the vicinity of large cities or
clusters of research facilities and to the operating pilot plants and nuclear power plants.
Sampling was performed at different intervals (10-100 km) along the Danube, at the
tributaries and was outlined according international standards (MSZ ISO 5667-1, MSZ ISO
5667-2, MSZ ISO 5667-6). Gross-beta activity, tritium, wSr, l34Cs, l37Cs concentrations in
the water and sediment samples were measured according standard procedures (ISO
9697:1992(E), ISO 9698:1989(E), MSZ 19393-86, MSZ 19400-86, MSZ 19379-86),
radiometry was performed by low background beta-counters (Tesla, Czechoslovakia), by
liquid scintillation counters (Canberra Packard), and by HpGe semiconductor spectroscopy
(Oxford Instruments Inc.; Oak Ridge, USA). Among the natural radionuclides M6Ra, 22*Ac,
and 234Th in sediments were determined by HpGe semiconductor spectroscopy. Uranium
determination in water was performed based on standard procedure (MI 19360-1989). ""Ra
in water was measured by the equilibrium activity of the daughter radon and its short lived
decay products by emanation technique (Szerbin and Popov 1986), and by HpGe
semiconductor spectroscopy.

RESULTS

The gross beta radioactivity of the water and sediment is shown in Fig. 1. Though these
data are not nuclide specific, but widely used for monitoring purposes. The magnitude of
the
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Fig. 1. Gross-beta radioactivity of the Danube water (left) and sediment (right).

values - presuming knowledge of the stable K* content - can clearly indicate dimensions of
the contamination. From an examination of the results it is apparent that there are two



points where higher gross beta-activity of the water was detected, namely Wallsee (Austria,
river km 209S), and at the confluence of Jiu river (Romania, rkm 692). Though not shown
here, *°K peak was registered also at the mouth of Jiu river. In the sediment the gross-beta
radioactivity slightly decreased along the whole Danube towards the delta.
The results of 134Cs and l37Cs measurements in water and sediment are shown on Fig. 2.
Peaks of I34Cs were found in the water sample collected in the Wallsee and at Budapest
The origin of these contaminations in both sites is unknown, but repeated and more detailed
sampling at the "hot spots" didn't confirm the findings of the first sampling campaign. In
the sediments 1MCs concentrations varied widely (not shown). The U7Cs data showed no
extreme differences between the sampling sites, and both the I34Cs and "7Cs activity
concentration showed a tendency to decrease down along the river.
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Fig. 2.1MCs concentration in water (left) and 137Cs concentration in sediment (right).

The results of the tritium and strontium measurements in water are shown on Fig. 3. In the
Austro-Hungarian Danube section no detectable hot spots of tritium activity were found,
however, higher levels were measured in the Romanian section. More or less uniform
distribution of strontium in water was found, with the maximum at Budapest The tendency
of the strontium level in water is decreasing. Though not shown, "Sr in the sediments was
distributed uniformly.
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Fig. 3. Tritium (left) and strontium (right) concentration in Danube water.
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On the Fig. 4. the radium and uranium content of Danube river water showed. Different
values were measured in the Austrian-Hungarian and the Romanian part As it can be seen
from the error bars, the differences between the radionuclide concentrations are not
significant, therefore the elevated sites can not be considered as real hot spots.
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Fig. 4. Radium (left) and uranium (right) concentration in Danube water.

Results of the 226Ra and HIAc concentration of the Danube sediment samples are shown in
Fig. 5. The concentrations on the Hungarian territory are distributed more or less uniformly,
however on the Romanian river section the radium shows several peaks. The explanation of
the reason for such non-uniform distribution will be given later. Results of the 234Th (not
shown) revealed the same pattern.
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Fig. 5.226Ra (left) and a sAc (right) concentration in Danube sediment

The sorption/desorption term appears in many mathematical models, the mechanism being
generally assumed to be completely reversible and thus described by a distribution
coefficient (K ĵ). This K^ value implies also a linear relationship between the concentration
in water and the concentration on the solid. The K<j values of for radionuclides were
calculated by use of the following equation:
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concentration of radionuclide per kilogram of bottom sediment

concentration of radionuclide per liter of total surface water
In the Fig. 6. the calculated in situ K<j values of for 134Cs and 137Cs in the main stream are
presented. I34Cs data were in a range of 2 x 103 - 1 x 10* kg'1. The l37Cs has high K,, values
with a range between 2 x 103 - 2 x 106 kg'1. There is a possibility that a part of the "7Cs in
the sediment originated from the atomic bomb tests and another part originated from the
Chernobyl accident. For 134Cs, the bomb test fallout contribution would be negligable, due
to the shorter half-life of 134Cs. From the Fig. 6. it is evident that the Kj values of I37Cs are
one-two order of magnitude higher than for I34Cs. The K^ values of "'Sr were in a range of
5 x 1 0 ' - 3 x 1 0 ^ ' .
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Fig. 6. In situ Kj values of l34Cs and l37Cs.

DISCUSSION

As it was mentioned previously, gross beta activity is generally used in monitoring practice
as indicator of contamination by radioactive materials. From the results it can be concluded,
that no significant changes of gross-beta activities were found in the investigated Danube
section. The linear regression analysis showed slight decrease of radioactivity from the
upper basin to the lower parts of the river. Samples where gross-beta peaks were revealed
were analyzed in detail and good correlation was shown with results of nuclide-specific
data.
No hot spots of tritium activity were revealed. The higher level found in the Romanian
section evidently a calibration problem. The 3H concentration (decreasing since the atomic



weapon test period in the sixties) does not appear to have been affected either by the
Chernobyl accident or by any new source.
The results of MSr measurements in water samples and sediments showed more or less
uniform distribution of strontium in water, the tendency of strontium level is decreasing.
The "Sr in the sediment samples varied widely (not shown), the observed higher levels of
strontium accumulation could be ascribed to the intensive sedimentation of man-made
radioactivity, deposited on the ground and transported by soil erosion to the river basin.
Two peaks of lJ4Cs measurements in water were found (Wallsee, Austria and Budapest,
Hungary), both were detected by gross-beta measurements as well. It is very unlikely, that
this enhanced radioactivity can be of fall-out origin, since the two caesium isotopes behaves
similarly, and the ratio of U7Cs/1J4Cs from the nuclear weapon test and from Chernobyl
fallout is constant, and no enhanced concentration of 117Cs was found at these sites.
Repeated and more detailed sampling was done at sites of elevated >34Cs levels, and no hot
spots of radioactivity were found on the investigated sites. The high IJ4Cs found could be
due to the effect of temporary source or to a laboratory failure.
The results of measurements in sediment showed, that both 134Cs and IS7Cs concentrations in
sediments varied widely. The caesium activity decreased down along the Danube river. It
could be resulted from the surface deposition of these radionuclides from the Chernobyl
accident, which was the highest in Austria among the Central European countries. The
another explanation is the rapid and strong sorption of radionuclides by sediment particles.
Downstream from Austria the highest contamination of both caesium isotopes was found in
samples, taken at the confluence of Vah river (rkm 1762), in the vicinity of Budapest (rkm
1564), and at the confluence of the Cema river (river km 960).
Most of the man-made radioactivity which can be detected in this area is originated from
the fallout from the atmospheric nuclear weapon tests and from the Chernobyl accident.
Contribution of the nuclear power plants to the contamination of the aquatic environment,
and thus, dose impact from routine releases of these installations to the population is
negligably small. No effect of industries of nuclear cycle was observed on the
contamination of the Danube river water and sediment in the investigated area. It was
presumed that the main source of the man-made radioactivity in the Danube basin is the soil
erosion process with subsequent water run-off of the radionuclides to the river.
Results of ^'Ra and uranium activity-concentrations showed discrepancies in the results
between measurements in the Austrian-Hungarian and Romanian part Evidently this is a
calibaration failure, the cooperating laboratories determine these radionuclides by different
methods.
The 2J6Ra in sediment samples on the Austrian-Hungarian river section distributed more or
less uniformly, however on the Romanian river stretch the radium shows several peaks.
Results of the 234Th showed the same pattern. The "^Th isotope has short half life and thus
considered to be in radioactive equilibrium with the " 'U in the sediments. Both
radionuclides show low mobility, consequently thorium born after radioactive decay of
uranium remains in the sediment. ""Ac as a consequence of its short half life considered to
be in radioactive equilibrium with parent "'Ra. The ^Ac^ 'Ra ) concentration shows the
same spatial distribution along the Danube, as it was observed in the case of " 'Ra and 234Th.
Some elevated radionuclide sites in the sediments of the Romanian Danube stretch can be
correlated with the deposition on the water surface of fly ash emitted from the coal-burning
power plant and siderurgical industry sited on the river.
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High gross-beta radioactivity detected at the inlet of Jiu river on the Romanian part of the
Danube was investigated in more detail. It was found, that water of the Jiu river (rkm 692)
has high content of radionuclides of "^Th and ^ U series. The source of increased
radioactivity is of antrophogenic origin. The Jiu river flows through a region with coal
mining, sidcrurgical, and associated industries. As a consequence, activities of
radionuclides of U and Th series are significantly higher compared to average waters
studied in this project Although the natural radioactivity of these rivers comparatively
high, and the contribution of the inflow of the contaminated water into the Danube evident,
the effect of the tributary on the Danube radioactivity is locally restricted. High
concentrations of natural radionuclides in the Cerna river (Romania) are related to specific
geological conditions, most of the Cerna basin being sited in a karstic area. According to
literature data underground waters in karstic territories generally enriched by naturally
occurring radionuclides of U and Th series. This radioactivity however can not be related to
any human activity.

CONCLUSIONS

The Danube river and catchment area are not significantly contaminated radioactively, most
of the man made radioactivity which can be detected in this area is originated from the
Chernobyl accident. Concerning the distribution of this contamination it was revealed that
the level of contamination is decreasing gradually from Budapest to the Black Sea. It is due
to high sedimentation rate in reservoirs which can be characterized generally by fine and
highly retentive sediments. These regions act as "radiological sinks" for the radioactivity
brought with the upstream suspended sediments. Consequently, only the minor part of the
radioactivity can reach the Danube delta and Black sea.
The main sources of elevated natural radioactivity in the Danube catchment area are the
mining industry, coal burning power plants and metallurgy. It was found that conventional
industrial souces sited on the Danube and its tributaries modify slightly the levels of
natural radioactivity in the studied area. Industrial emissions influence the background
radioactivity levels only locally.
The waste water releases of large cities - in general - do not influence the radioactivity
levels of the Danube river water and sediments. Consequently, experimental nuclear
installations, research institutes and hospitals, usually located in or close to considerable
municipalities, do not contribute substantially to the levels of radioactivity of Danube.
One of the main lessons of the study is that adequate international monitoring of
transboundary rivers and other transboundary aquatic or terrestrial ecologic regions needs
standardized and thoroughly intercalibrated methods. Efforts of the monitoring networks of
Danube riparian states should be forwarded to obtain regular reliable and comparable data
on environmental contamination.
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