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The possibility of using 236U as an indicator for irradiated uranium is shown. The sensitivity of AMS is
high enough for measurements of 236U/238U ratios down to 1E-9 on micrograms of uranium and there-
fore for the detection of Chernobyl originated uranium in the remote regions of radioactive fallout.

Among all radionuclides, introduced into the biosphere as a result of the accident at the Chernobyl nuclear power plant
(ChNPP) in April 1986, the biggest part in terms of mass is surely uranium.

Considerable attention has been focused on irradiated uranium contamination in the region near the Chernobyl reactor
(the exclusion zone) [1,2]. The information on contamination by "Chernobyl" uranium in the more remote regions of Belarus (far-
field locations more than 150 km from the reactor,) is absent. The purpose of our work is definition of limits of distribution of
"Chernobyl" uranium.

According to a previous study the level of surface soil contamination in evacuated areas in Belarus with Chernobyl
originated uranium corresponds approximately to the concentration range of natural uranium 0,1-2,0 gram per tonn [3]. This fact
makes accurate determination of irradiated "Chernobyl" uranium in contaminated soil samples by measuring the 235U/238U iso-
tope ratio difficult.

The presence of 236U in environmental samples represents a good indication that nuclear material had been intro-
duced into the vicinity. In naturally occurring uranium, a 235U (n,g) 236U reaction is produced by neutrons generated by cosmic
irradiation, spontaneous fission or (a,n) reaction on light nuclei, and the 236U/238U isotope ratio is expected to be about 10-14 at/at
in the environment [1]. In spent nuclear fuel the 236U/238U ratio can exceed 10-3 at/at depending on the reactor type and the his-
tory of fuel burn. Due to the difference of 236U concentration in natural uranium and spent uranium by 7 to 11 orders of magni-
tude 236U is a useful "fingerprint" of uranium originating from a nuclear reactor or accelerator driven system [2]. Recently, the
determination of 236U was recognized by International Atomic Energy Agency (IAEA) as an important signature to differentiate
sources of contamination.

Mass-spectrometric methods (MS) are considered to be the most sensitive for 236U measurements in environmental
samples. The type of mass- spectrometer selected for an analysis will depend on the required sensitivity, expected 236U/238U
isotope ratio, and the concentration of 236U in the samples.

236U/238U isotope ratios > 10-6 at/at can be determined by inductively coupled plasma mass-spectrometry (ICP-MS).
ICP-MS provides good sensitivity and accuracy of isotopic measurements, therefore this technique is one of the most suitable
methods for routine 236U/238U isotope ratio measurements in environmental samples [1]. However, this method is not applicable
for measurements of 236U/238U isotope ratios in environmental samples at levels less than 10-6 at/at. High abundance sensitivity
for 236U/238U ratios, down to 10-12 is feasible by accelerator mass spectrometry (AMS) which is a well-established technique for
uranium isotopic measurement [2].

Soil samples were collected from a location in SE Belarus, 255 km NE of Chernobyl (Malinovka village, Mogilev re-
gion). This far field location lies within the Bryansk-Belarus Spot centred 200 km NNE of the reactor. Soil samples were col-
lected using a trench method at a depth of up to 40 cm. The 236U/238U isotope ratios were then measured using AMS.

These measurements were performed by the ANTARES FN Tandem accelerator at ANSTO, Australia using the acti-
nides beamline described previously [4]. Measurements were carried out with a terminal potential of 4MV on the 5+ charge state
species. 236U was counted in an ionisation chamber, while 238U was measured off axis in a secondary electron multiplier.

Samples were prepared by high temperature Lithium Metaborate/ Tetraborate fusion, followed by dissolution of the fu-
sion bead and extraction of actinides using an Eichrom TRU resin (Eichrom Industries). The purified uranium fractions were then
co-precipitated with iron oxide and mixed with niobium powder.

The results obtained are presented (see Table 1).
Table 1 shows our results for 236U/238U ratio measurements in a soil profile from our Malinovka experimental site.

These results have been combined with other published data including results of analyses of soil samples collected in Russia
and Belarus (near-field).  The 236U/238U isotope ratios in natural uranium ores are given as well.

As evident from the data obtained, the 236U/238U isotope ratio in far-field locations is found to be in the range 6,19´10-8

at/at to 1,64´10-7 at/at. It was mentioned above that the 236U/238U natural isotope ratio is expected to be about 10-14 at/at in the
environment [1]. Consequently these samples from the Malinovka sampling location show an unambiguous presence of reactor
fuel indicated by the enhanced ratio of 236U/238U. It should be noted that irradiated uranium contamination of the soil surface in
the region near the Chernobyl reactor (Masany, Kulazhin) is also characterized by high non-uniformity.

 The majority of actinides species in the primary fallout was in the form of inert fuel particles. These small fragments of
irradiated fuel characteristically range in size from fractions of micrometers up to hundreds. They consist of a uranium matrix
(UO2) with some radionuclides embedded in this uranium matrix i.e. they are forming solid solutions in UO2. The radionuclide
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structure of fuel particles is close to the structure of the irradiated nuclear fuel of the 4-th power unit, but with fractionating of
volatile products [5].

Table 1
Samples Depth, (cm) 236U/238U, (1E-09) 236U, at/g

0-5 70,8±3,5 1,62´107

Belarus, Malinovka, 5-10 164,1±7,2 3,45´107

soil profile, 10-15 74,5±7,1
~255km from 15-20 78,4±6,4

Chernobyl 20-30 62,6±11,7
30-40 61,9±6,9

Natural uranium ores 0,012-0,56 [1]
Russia, soil, ~165 from Chernobyl 1,2´1010 [4]

Belarus, Kulazhin, 18 km from Chernobyl 0-10 from 1,9´107 to 2,6´1010  [1]
Belarus, Masany,12 km from Chernobyl 0-10 from 1,0´1011 to 5´1013[1]

Our results (Malinovka experimental site) have been converted to 236U concentrations, taking into account the concen-
tration of 238U measured by alpha-spectrometry (1,14 Bq/kg for the 0-5 cm layer and 1,04 for the 5-10 cm layer). Our results for
236U shown in table 1 correspond to a concentration of fuel particles for the 0-5 cm layer of 5,53´107 particles per square meter
and for the 5-10 cm layer of − 11,76´107 particles per square meter.

By considering the 237Np/236U isotope ratio in the fuel particles and the 236U concentration (see table 1), it is possible to
estimate a total amount of 237Np atoms per gram of soil. 237Np concentration in soil for the 0-5 cm and 5-10 cm layers is ex-
pected to be 0,76´106 at/g and 1,62´107 at/g respectively. Thus, 237Np concentration in far-field areas of contamination is com-
mensurate with 236U. Note that mobility of neptunium is 100 times higher than mobility of plutonium. This makes neptunium as
dangerous as plutonium and americium. The problems previously posed by determination of 237Np by mass-spectrometry may
be overcome by using accelerator mass spectrometry. Currently there is no published data on the 237Np content in the environ-
mental media of Belarus.

Thus, use of the 236U isotope as an indicator of irradiated fuel allows us to identify unambigously the irradiated uranium
in the regions of Belarus that are remote from the Chernobyl reactor. AMS seems to be the most suitable technique for uranium
isotopic measurements in the far-field areas of contamination.
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Изучена адсорбция радона на нетканом углеродном волокне и тканом типов АУТ-М3, Бусофит
в диапазоне температур 0–50 ºС. Определена теплота адсорбции радона из воздуха на угле-
родном волокне различных типов.

Корректная реализация методики выполнения измерений (МВИ) [1] объемной активности радона в воздухе
помещений с использованием углеродно-волокнистых сорбентов предполагает прежде всего наличие достоверной ин-


