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Abstract

After the Chernobyl accident the Federal Institute for Geoscience and Natural Resources carried out a
scintillometer and soil sampling survey to monitor the terrestrial gamma radiation in the states of Lower Saxony
(1987-1988), Thuringia (1991) and Saxony (1992). The results of the single surveys in Lower Saxony, Thuringia and
Saxony have been described in former reports (BECKMANN, FAAS, 1992; BORSDORF, MALINOWSKI, 1995;
BARTHEL, BORSDORF, MALINOWSKI, THOSTE, 1996). Within the scope of terrestrial radiation assessment the
main interest was to differentiate gamma radiation caused by geogene radionuclides from that caused by fallout
nuclides or contamination from uranium mining and milling. The field readings of the scintillometers were correlated
against readings of calibrated instruments and the values were corrected for cosmic radiation and background radiation
from the instruments. The final data were expressed as exposure rate to terrestrial gamma radiation (nGy/h) and
ambient energy dose rate (nSv/h). The calibration work was done by the Federal Institute for Radiological Protection,
Berlin. To demonstrate the distribution of terrestrial gamma radiation in Lower Saxony, Thuringia and Saxony, the
field data (3487 measurements, 4 by 4 km grid) were processed by UNIRAS software and printed as isoline maps.
Additionally at 334 sites soil samples were collected and analysed with a pure Ge-detector. The isoline maps show
anomalous exposure rates of 100 to < 140 nGy/h over the southeastern part of the Harz Mountains, the Thuringian
Mountains, the western part of the Erzgebirge and the Vogtland. Within the low land regions of Lower Saxony, the
Thuringian basin and regions in Saxony north of the Erzgebirge moderate values of 50 to 90 nGy/h dominate. The
high regional exposure rates correlated with high concentrations of K-40, Ac-228 (Th-232 decay chain) and Ra-226
(U-238 decay chain) in the soils. In the same areas Cs-137 reaches the highest concentrations of 40 to >60 Bq/kg
in soil samples. In Thuringia and Saxony it is difficult to detect eight years after the Chernobyl accident any
correlation of the regional distribution pattern of Cs-137 fallout with heavy rainfalls in May 1986. Only one anomaly
in the western Erzgebirge shows the well known NNW trend, which was recognized from fallout measurements
directly after the accident in Lower Saxony. No anomalous contaminations were detected around the uranium mining
areas of the former WISMUT SDAG in the Ronneburger and Aue districts. The environmental exposure rates fall
in the range of <200 nGy/h. The general results indicate, that today there is no large scale contamination existent,
either from fallout or from uranium mining, which could cause radiological health hazards to the population.

1. INTRODUCTION

The external radioactivity of the human environment exists of radiation of cosmic and
terrestrial origin. The cosmic component originates from the reaction of cosmic radiation with the
atoms of the upper atmosphere. It varies with elevation above the ground. The sources of terrestrial
radiation are concentrations of geogene radionuclides in the rocks, the soil, the water and the
atmosphere near the ground. Near the ground some gaseous radionuclides such as radon are very
important.

Since the introduction of nuclear energy, artificial radionuclides too contribute to the external
radiation. The sources of artificial radionuclides are nuclear explosions, escape from nuclear reactors
or from their use as tracers or radiation sources in medicine. By far the most radioactive
contamination of the environment originates from nuclear bomb tests in the atmosphere (1945-1991)
and accidents in nuclear power stations.
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After the Chernobyl reactor accident, the environmental radioactivity in several areas in
Europe rose by a factor of ten, depending on the rate and direction of radionuclide transport under
atmospheric conditions. The degree of contamination was closely connected to the intensity of fallout
and washout during rainfalls in the period 1 to 4 May 1986. Especially the southern part of Germany
was contaminated with the radionuclides Iodine-131, Ruthenium-103, Cesium-137 and Cesium 134.
In Fig. 1 the readings of a Nal-scintillometer uranium prospecting survey show how much the fallout
sources contributed to the total terrestrial radioactivity in the days directly after the fallout.

In 1986 the Federal Institute for Geosciences and Natural Resources, Hannover (Germany)
started detailed investigations in Lower Saxony to prove how much the radiation from the artificial
radionuclides contributed to the terrestrial radiation. After German reunification, the survey was
extended to the states of Thuringia and Saxony. An important problem which these investigations
were designed to resolve was whether additional contamination from uranium mining and milling was
present. In Thuringia and Saxony uranium mining and milling was carried out between 1946 and 1990
by the former WISMUT SDAG. After reunification, uranium production was stopped because it was
uneconomic under international market conditions. Over the years, mining and milling produced large
amounts of waste, much of it as fine grained residues, of which the tailings of the Ronneburger and
Aue mining districts produce the largest environmental impact. Much of the waste from underground
mining and open pits was used for road making and other purposes. Because of this, it was expected
that much contamination could exist in the area surrounding the mines and mills. To detect and
analyse the type of contamination, the Federal Institute for Radioprotection is carrying out an
extensive project entitled "Radiological survey to investigate and evaluate abandoned mining sites in
Saxony and Thuringia". An initial evaluation yielded 5000 contamination points in an area of about
1500 km2. In the second phase of the project a contaminated area of 250 km2 was selected for
rehabilitation.

2. ENVIRONMENTAL GAMMA RADIATION

2.1. Measurement of Terrestrial Gamma Radiation

To monitor environmental radioactivity levels after the Chernobyl accident, the BGR carried
out scintillometer surveys during 1991 and 1992 on grassland in Thuringia and Saxony.

The density of the grid was six to eight points/100 km2, thus allowing washout areas, which
are normally about 4 km wide and several tens of kilometres long, to be detected. Each measuring
point is representative of one ha (100 x 100 m = 10 000 m2). When counts rates clearly over the
normal background were obtained, the grid was narrowed in order to detect the source. The program
excluded active mining areas, industrial centres and residential areas. A total of 2164 measurements
were taken (see Fig. 2), of which 1138 are located in Thuringia and 1026 in Saxony.

Two types of portable Nal scintillometer were used to measure the gamma radiation in the
field; one Nal scintillometer (Type SPP 2 Saphymo Stel) to record the gamma rays with energies
> 30 keV and a 3-channel scintillometer to record the count rates in channel A > 300 keV, channel
B > 900 keV and channel C > 1400 keV. The gamma radioactivity with these instruments is
expressed in counts per second (cps). The detectors were put on the ground. In view of the fact that
clayey soil absorbs gamma rays from geogene radionuclides (maximum energy Tl-208 = 2.62 MeV,
half-thickness X l/i = 7.82 cm), it was calculated that nearly all gamma rays detected originated from
a spherical volume with a radius of 108 cm (DURRANCE 1986).

The count rates of the SPP 2 scintillometer were correlated against a calibrated dose-meter
using the following formula:

x = y 0.814 + 22.7 ( x = reading in nGy/h, y = reading in cps).
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Fig 1. Radiometric effects of Chernobyl Fallout to terrestrial gamma radiation
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Fig. 1. Radiometric effects of Chernobyl fallout to terrestrial gamma radiation.
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Fig. 2. Regional distribution of gamma ray mesurement and soil sampling localities.



The correlation diagram is shown in Fig. 3 a. Then the regional distribution of energy dose
rates was calculated using a contour program and plotted on maps at a scale of 1: 100 000. At the

Fig. 3 a Correlation cps / nSv/h (SPP2/ BfS Ref.)
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Fig. 3a Correlation of scintillometer (cps) and dose meter units (nGy/h).
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Fig. 3b Correlation of count rates in channel A-B (300-900 keV) and count rates in channel B
(900-3000keV).
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basis of the contour maps it was possible to eliminate areas with anomalous gamma energy dose rates
and to calculate exposure rates (of the population) with respect to natural gamma radiation.

2.2. Conversion to External Gamma Ray Dose Rates (nSv/h)

The Federal Institute for Radiation Protection (BfS), Berlin-Karlshorst, is conducting
measurements of the ambient gamma dose rate on a 4 x 4 km grid in eastern Germany. The program
should be completed by the end of 1996. The field measurements are carried out with a portable
calibrated gamma ray dose-meter. The field measurements are corrected for internal radiation and
cosmic radiation. The instruments were calibrated for terrestrial gamma rays at the calibration
facilities of the BfS in Berlin-Friedrichshagen, for cosmic radiation on a lake near Berlin and for
internal radiation in a laboratory in the Asse salt mine (WILL, MIELCAREK & SARENIO, 1994).

The results of the BGR investigations from Saxony and Thuringia are incorporated in the
background radiation measuring programme of the BfS. Correlation factors were established for the
readings of the BGR scintillometers using special field calibration pads. After correction of the BGR
records, it was possible to introduce the 2164 scintillometer readings into the new ODL programme
(regional distribution of ambient gamma energy dose rate), in which terrestrial exposure is expressed
in Nsv/h.

2.3. Regional Distribution of Gamma Ray Dose Rates

The dose rates vary in Saxony and Thuringia between 10.4 and 226.8 nSv/h (0.09-2 mSv/a,
exposure time 365 days). The mean is 62 nSv/h with a standard deviation of 19.7. All readings are
under the national recommended intervention value of 300 nSv/h. Only eight readings are higher than
160 nSv/h.

Fig. 4 displays the regional distribution of the ambient dose rate, which in some areas reflects
the different geological units. Remarkable is the local occurrence of the main anomalies, which
coincide with the highest elevations of the Thuringian Forest, the Vogtland and the Ore Mountains.
The lowlands of eastern Saxony are characterized by values of 40-60 nSv/h. The radioactivity of the
uranium- and thorium-rich granitic rocks of the Gorlitz massif and that of the monzonites,
syenodiorites and biotite granites of the Meissen intrusive complex is masked by the local soil. The
soils consist mainly of clay and are often over 10 m thick. Clear elevated values of > 100 nSv/h
occur over the of Kirchberg and Eibenstock intrusions, in the contact zone with Paleozoic rocks, in
the Teplitz quarz porphyry and over acid and intermediate dyke rocks.

The uranium deposits of the Aue mining district, the Poehla-Globenstein district and the
Freital area are inside these anomalies. The mining districts of Ronneburg, the middle part of the Ore
Mountains and of Konigstein do not display elevated dose rates. North of Zwickau, elevated values
show up contamination derived from the mill at Crossen and contamination in the river valley of the
Zwickau basin from uranium mining

2.4. Gamma Radiation from Chernobyl Fallout and Washout

In the context of the assessment of exposure to external radiation, it is important to investigate
the degree of contamination of the soil in view of the fact that, during the first year after the
Chernobyl accident, external soil radiation accounted for approximately 29% of the total dose for
adults in Germany. A three-channel scintillometer was used to obtain an initial estimate of the
artificial portion of the terrestrial radiation. This instrument divides the count rates into three
channels: channel A >300 keV, channel B > 900 keV, and channel C > 1400 keV. By subtracting
the count rates of channel B from channel A, the counts in the energy range 300-900 keV are
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obtained. In this channel the counts originating from the decay of Cs-137 (specific energy 661.6 keV,
half-life 30.17 years) and Cs-134 (specific energy 795.8 keV, half-life 2.06 years) are collected. One
problem is that, in the channel 300-600 keV, the Compton electrons generated by high energy decay
of Bi-214, Tl-208 and K-40 are also counted. This fact is regarded of relatively little importance
because the Compton-electron decay rate shows a fixed ratio to the photo-electrons and for the
estimate of the artificial decay rate only the additional decay rate from the artificial nuclides in the
channel 300-900 keV is important. This means that the higher the ratio of channel A-B/B is, the
higher the count rate in the range 300-900 keV. The method was first successfully tested by the
Geological Survey of Canada to search for debris from the Russian satellite cosmos (BRISTOW Q.,
1978). BGR tested the same method directly after the Chernobyl accident in Lower Saxony. A
combined soil sampling program proved that even concentrations of 40 Bq Cs-137 + Cs-134/kg soil
are detectable. This was the reason for using the same method six years after the deposition of the
nuclides in Saxony and Thuringia.

For the investigation of the count rates from geogene sources, measurements were carried out
in open pits on fresh rocks with different radioactivity. The results show a good correlation of the
ratio A-B/B (see Fig. 3b). The mean of the ratio of 34 measurements in Thuringia was 2.25 with a
standard deviation of 0.36, in Saxony 55 measurements gave a mean of 2.19 with standard deviation
of 0.27. The regional distribution of the ratio of count rates in channel A-B versus channel B is shown
in Fig. 3b.

In Thuringia 1146 soil measurements gave a mean of the ratio of 2.29 (standard deviation
0.27) and in Saxony 905 soil measurements 2.27 (standard deviation 0.33). In comparison to
Thuringia, the total count rate in Saxony is generally higher because of the elevated natural
radioactivity of the granitic rocks.

In Saxony and Thuringia the regional distribution of the ratio (contour maps) does not show
clear anomalies. Weak anomalies (A-B/B >2.9) are visible over the highest elevations of the
mountains. In the east of Saxony one anomaly near the border to Poland is clearly visible. This
anomaly proves the sensitiveness of the method, because scintillometer readings are only 35 to 60 cps
and the specific radioactivity of Cs-137 is 31-40 Bq/kg. The high ratio contains almost no rock
radioactivity component although small concentrations of the fallout nuclide Cs-137 are present.

Based on the results of the radiometric survey of Lower Saxony directly after the Chernobyl
fallout ( BECKMANN C. & FAAS C , 1992), it can be stated that in 1991/92 only relics of fallout
anomalies are existent in Saxony and Thuringia. The relics are the remainder from the washout from
rainfalls in May 1986. The washout was concentrated to three rainfall areas that strike NNW-SSE and
are still present on the highest elevations of the Thuringian Forest, the Vogtland and western Ore
Mountains. A small anomaly at the border to Poland is part of another fallout region.

3. SOURCES OF TERRESTRIAL GAMMA RADIOACTIVITY

3.1. Soil Sampling and Measurement of Activity Concentrations

Soil samples were taken at 259 different localities (138 in Thuringia and 121 in Saxony) to
determine their specific radioactivity. In Thuringia soil sampling was carried out at the intersections
of grid lines with a spacing of 10 x 10 km. At each grid point four samples were taken on flat
ground from undisturbed grassland along one diagonal of a 100 x 100 m square. In Saxony the same
method was applied; however, the sampling density was increased in areas of elevated radioactivity.
Plant material, roots and rock fragments > 1 cm were removed from the individual samples. Then
the samples were mixed to obtain a composite sample representative of a sampling area of 10 000 m2.
To calculate the bulk density, the mass of the soil with a given volume was determined in both wet
and dry condition. Each composite sample was dried at 106°C for 24 h and then crushed in a mortar.
After sieving, the < 2 mm fraction was stored in a gas-proof container for 20 days before gamma
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spectrometry measurements were carried out (Ge detector, volume 126 cm3). The detection time for
each sample was 1000 to 2000 seconds, depending on their relative radioactivity. The total error of
the gamma activity measurements, comprising the sampling error and the experimental error, was
about 25 %. The specific activities were expressed in concentration of nuclides Bq per kg dry mass
of soil. Table I shows the radionuclides and the specific energies at which they were determined.

Tab. I. EXAMINED RADIONUCLIDES IN SOIL SAMPLES

Radionuclide

K-40

Ac-228

Th-232 via Ac-228, Pb-212, Tl-208

Th-234 (U-238)
Ra-226 (U-235) via Pb-214, Bi-214

Pb-210
U-235

Cs-137
Cs-134

Energy in keV

1460.8

911.0

63.3

186
46.5

185.7

661.6
795.8, 605

Land

Saxony, Thuringia

Saxony, Thuringia

Saxony

Thuringia

Saxony
Saxony

Saxony

Saxony, Thuringia
Saxony,Thuringia

The concentrations of Th-234 (U-238 decay chain), Ac-228 (Th-232 decay chain) and K-40
were used as reference nuclides for the concentrations of natural radioelements in Thuringia, whereas
Ra-226 was determined in addition in the samples from Saxony (BORSDORF et al. 1995). For
reference purposes the activities of the artificial nuclides from the Chernobyl fallout were recalculated
to the 1 July 1991.

3.2. Concentrations and Regional Distribution of Naturally Occurring Nuclides

Potassium-40 (Fig.6)

Natural potassium contains 0.012 % K-40. K-40 decays with the emission of gamma and beta
radiation and has an extremely long half-life of 1280 million years. The specific radioactivity of IC^
is 30.9 Bq/kg K. Therefore it is possible to determine the natural potassium content from the
concentrations of the specific radioactivity of K-40.

The soil samples investigated in our study show a range of specific radioactivities of K-40
between 114 and 1480 Bq/kg, mean 645 Bq/kg. In 75% of the samples investigated, the specific
radioactivity varies between 400 and 800 Bq/kg. Of all the naturally occurring nuclides, K-40
contributes the highest amount of gamma radiation to the terrestrial radioactivity. The regional
distribution of K-40 concentrations shows some relationship to the petrography of the underlying
rocks, especially to porphyritic K-feldspar granites and contact rocks. Anthropogenic input due to
fertilizers may influence the pattern to a minor degree.

The regional distribution of K-40 concentrations is shown in Fig. 6. The lowest concentrations
were obtained in the sandy regions of the lowlands in NE Saxony and northern Thuringia. The
moutainous regions of the Ore Mountains (Erzgebirge) and the Thuringian Forest generally show
enhanced concentrations. Anomalous concentrations with > 1000 Bq K-40/kg were observed in soils
over the granites of the Western Ore Mountains and on granites and porphyries of the Eastern Ore
Mountains. In the Thuringian Forest enhanced K-40 concentrations are due to soils on acidic volcanic
rocks of Permian age. In the lowlands of Saxony and Thuringia, only those regions show elevated
concentrations, where the Permian rocks are covered by loess and brown podsolic soils.
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Actinium-228, Thorium-232 decay chain (fig. 7)

Ac-228 is the second daughter of the Th-232 decay chain. Its half-life is 6.13 h and it is easily
recognizable from several energy peaks. The 911 keV peak was used for measurement of the specific
radioactivity of the soil samples. Under normal natural conditions, thorium and its immediate decay
products are generally immobile.

The distribution of Ac-228 concentrations are shown in Fig. 7. The average of all samples
is 40.3 Bq/kg (standard deviation 15.8). Enhanced concentrations of Ac-228 (>100 Bq/kg) are
strictly related to the Kirchberg Granite in the western Ore Mountains and to rhyolites in the
Zinnwald area in Saxony. In Thuringia, enhanced values of Ac-228 (>60 Bq/kg) occur in soils over
Permian rhyolites of the Zella-Mehlis and Ilmenau areas. The thoriferous minerals in the underlying
rocks seems to be the source of the specific radioactivity.

Radium-226 and Thorium-234, U-238 decay chain (fig. 8)

Ra-226 (alpha and beta decay) has a half-life of 1600 years. Its geochemical behaviour is
different from the behaviour of its parent U-238. This is the reason why it can be separated from
U-238 during weathering or hydrothermal processes. Both enrichment and depletion of Ra-226 in
relationship to U-238 was observed. As Ra-226 is followed in the decay chain by radon-222 its
concentration is important for the calculation of the radon exhalation rate of a soil. The distribution
of Ra-226 concentrations were investigated in Saxony to detect the impact of previous uranium or
silver/cobalt mining activities.

In Saxony the concentration of Ra-226 varies between 30 and 70 Bq/kg (mean 46 Bq Ra-226/kg,
standard deviation 25 Bq/kg). The lowest value measured was 5, and the highest 151 Bq Ra-226/kg.
From the regional distribution, it can be concluded that the Ra-226 content is mainly due to its natural
occurrence in the rocks; however, enhanced values along the crest of the Ore Mountains could
indicate some artificial input due to fallout from combustion of lignite in northern Bohemia. The
anomalies over the Eibenstock and Kirchberg Granites (HHM granites) in the Ore Mountains are clear
indicators of geogenic sources.

For Thuringia the analysis of Th-234 was chosen to determine the concentration of uranium-238
in the soil. The main concentrations vary from 80 to 400 Bq Th-234/kg, some anomalous values
above 700 Bq/kg were obtained from samples of soils (brown podsolic soil) over rhyolites of
Carboniferous age from the Thuringian Forest. Loess and brown podsolic soil samples from the
Triassic of the Thuringian basin show the lowest activities (<200 Bq Th-234/kg).

3.3. Concentration and Regional Distribution of Fallout and Washout Radionuclides

Cesium-137, Cesium-134 (Fig. 9)

The artificial radionuclides Cs-137 and Cs-134 were transported by clouds from the Chernobyl
reactor site to Saxony and Thuringia at the beginning of May 1986. The radionuclides were deposited
by washout on to the surface of the vegetation and soils. On account of the short half-life of most of
the radionuclides, only cesium-137 and cesium-134 are detectable 10 years after the deposition.
Besides Chernobyl cesium, a small concentration of cesium from nuclear weapon tests carried out in
the 1960s is also present in the soil samples.

In 1994 only cesium-137 was detectable in measurable quantities in the soil samples from Saxony
and Thuringia. Owing to its short half-life of 2.06 years, Cs-134 was only detectable in few samples.
In most of the samples the concentrations were below the detection limit.
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Fig. 7. Regional distribution ofAc-228 concentrations in

Saxony.

the upper soil horizons of Thuringia and



Fig. 8a Regional distribution ofTh-234 concentrations in Thuringia.

Fig. 8b Regional distribution ofRa-226 concentrations in the upper soil horizons of Saxony.
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The majority of the samples have cesium-137 concentrations between 10 and 30 Bq/kg (mean
Thuringia 20.3 Bq/kg, standard deviation 11 Bq/kg). Maximum values of >50 Bq/kg have been
measured in soil samples from sampling localities in the upper part (600-1000 m above m.s.l.) of the
Thuringian Forest, the Vogtland and the Ore Mountains. The northern Thuringian Basin and the
lowlands of Saxony (150-250 m above m.s.l.) are characterized by low concentrations (< 10 Bq/kg).

Fig. 8 shows the regional distribution of the concentrations of Cs-137 in the upper soil horizons
in Thuringia and Saxony.

3.4. Interpretation of Regional Radionuclide Distribution

According to DURRANCE (1986) and SARENIO (1994), the concentration of radionuclides in
the upper 30 cm of the soil are responsible for most of the gamma rays reaching the detector. The
measurements of the ambient dose rate are therefore closely related to radionuclide concentrations in
this part of the soil profile. As the spectrometric results show, nearly all fallout and washout
radionuclides are enriched in the upper soil horizons. Generally the soil is a open geochemical system,
where the decay series of U-238 and Th-232 may not be in equilibrium. As shown in the study, the
method which was applied — measurement of terrestrial radioactivity at energies between 30 and
3000 keV and dividing the energy range into three channels A, B and C — can be used for detection
of natural and artificial radionuclides in the upper soil horizons. Also the Nal scintillometer can be
converted by calibration with dose meters to obtain dose rates.

One striking result is that the highest concentrations of natural radionuclides and artificial
radionuclides are limited to the same areas. These areas are the highest elevations of the Ore
Mountains, the Vogtland and the Thuringian Forest. In these areas rocks with elevated enrichment
of natural radioactivity (granites and rhyolites) also show enhanced Cs-137 concentrations. It can be
assumed that the Cs-137 accumulation from washout was best preserved in these undisturbed regions
by natural processes such as absorption.

4. CONTAMINATION FROM URANIUM MINING AND PROCESSING

No concentrations above the radiological safety limit have been observed. The study area excluded
areas of ongoing rehabilitation of uranium mining. Although uranium mining was undertaken in the
study area from the late 1940s to the late 1960s, no significant impact could be found during the
measurements of the ambient dose rate nor in the soil samples. Only few samples of low grade ore
were found along roads used for transport or in road gravel. The reason for not detecting a significant
number of these pieces of ore may be due to use of the 10 x 10 km grid, however our results are
in good agreement with the results of investigations carried out by the Federal Institute for Radiation
Protection and other organizations. In general the exposure rate in the areas outside the uranium
mining facilities does not exceed 200 nGy/h.

5. CONCLUSIONS

Regions with the highest terrestrial radioactivity (exposure rates 100-140 nSv/h) are located on
the most elevated parts of the Thuringian Forest, the Vogtland and the Ore Mountains. The basins
in the forelands of the mountains show moderate to low values (40-80 nSv/h). The lowest rates were
measured over sand of Holocene age in the Niederlausitz, eastern Saxony.

Remarkable is the spatial correlation of anomalous concentrations of artificial radionuclides with
high concentrations of geogenic radionuclides (K-40, Ac-228, Ra-226) in the mountainous regions.
In these regions, concentrations of 40- >60 Bq Cs-137/kg soil are typical. The isoline plot
interpretation of the soil sample measurements correlates very well with the Nal-radiometric field
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measurements (three-channel method). Eight years after the Chernobyl accident, there is not a very
close correlation of the fallout anomalies with rainfall areas from May 1986, although directly after
the fallout there was a strong correlation in Lower Saxony. Only one anomaly trending NNW from
the Eibenstatter Massif to the Kirchberger Granite Massif remains. Fallout concentrations appear to
be preferentially preserved in undisturbed grassland or forests, where minimal erosion takes place.

Terrestrial radioactivity can be measured with Nal scintillometers as used in uranium prospecting.
The scintillometers have to be calibrated against a dose meter. It is very important that the dose
meters are calibrated in the range from around 30 to > 3000 keV, not only to 1300 keV as is normal
in the nuclear industry. Field measurements with scintillometers with energy discrimination (channel
A = > 300 keV, channel B = > 900 keV, channel C = > 1400 keV) and calculation of count ratios
give very good indications of fallout concentrations.
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