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Abstract

A presence of 106Ru radionuclide was incidentally observed during the first
days of October by most European laboratories engaged in measuring the am-
bient atmosphere radioactivity. On October 03, 2017, traces of this isotope
were identified in the BEO-Moussala as well. After a routine air sampling pro-
cedure, the gamma-ray spectrum of the sample was acquired using an H.P.Ge
spectrometer. The activity of 106Ru was determined using the most intensive
gamma-lines of 106Rh, 511.8 keV, 621.8 keV and 1060.4 keV, observed in the
spectrum. Thus, the calculated activity of 106Ru in the sample from October
03, 2017 was 1.75 mBq/m3. The analysis of the wind rose for the period Oc-
tober 01–05, 2017, revealed that the wind was predominantly northerly, with a
weaker northeastern component.

In the lack of officially recognized evidences, one can assume that the re-
lease of 106Ru in the atmosphere was most likely a result of an accident in
a factory producing this isotope. The quantity of the measured radioactivity
spread in the air however, was hundreds of times lower than the permissible
activity limits for this isotope; no risk existed of health problems for the pop-
ulation and for the ecosystems.
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1. Introduction. The natural and technogenic radioactivity of air aerosols
is monitored by the Moussala Basic Environmental Observatory (BEO) on Mous-
sala Peak since 2006. The sampling techniques and the subsequent radioactivity
measurements involve pumping a large volume of air (∼ 15–20 000 m3) through a
specific filter, than compressing the filter to a convenient size, and measuring the
radioactivity by gamma-spectroscopy setup equipped with an HPGe detector, as
described in detail in our earlier publications [1, 2].

The routine gamma-spectrometry analysis of the sample taken on October
03, 2017 unexpectedly revealed the presence of the radioactive isotope 106Rh,
in the absence of any other gamma-ray emitter. Since 106Rh has a very short
half-life, it was logical to assume that its presence is due to the decay of another
radioactive isotope with a relatively long half-life, namely, 106Ru, which, not being
a gamma-emitter, was not identified in the gamma-spectra acquired. As of the
specific measurement reported here, the presence of 106Ru had not been observed
before in the air aerosols over Bulgaria’s territory. We later learned that this
radionuclide was found over practically entire Europe and in parts of Asia.

2. Experimental results. A spectrum of the sample acquired on October
03, 2017, is shown in Fig. 1. 106Ru has a half-life of 353.79 days and decays 100%
through β−-emission to the ground state of 106Rh [3]; with a half-life of 23.96 s,
the latter decays also through a β−-transition to the stable isotope 106Pd. Thus,
because of the much shorter half-life of 106Rh, a secular equilibrium is established
between the former two isotopes, i.e., by measuring the 106Rh activity, one can
estimate the 106Ru activity as well. In 106Rh decay, about 80% of the transitions
taking place end at its ground state; the rest of the transitions are to a multitude
of excited states, accompanied by the emission of a large number of gamma-ray
emissions, the more intensive peaks being at 511.8 keV, 621.8 keV as 1060.4 keV,
as detected by us (Fig. 1). The analysis of the sample taken on October 03, 2017,
showed unambiguously the presence of 106Ru with an activity of 1.75 mBq/m3,
the experimental error being about 25% resulted mainly from the inaccuracy in
measuring the air volume filtered. The MDA (minimal detectable activity) for
this isotope is ∼ 2–3 mkBq.

The next sampling was performed on October 05, 2017, with the 106Ru ac-
tivity being around the limit of the MDA of our system. Thus, the radioactivity
front had practically passed over the Moussala Peak vicinity. Since no presence
of 106Rh (respectively, 106Ru) had been registered in the gamma-spectrum of the
preceding sample (taken on October 01, 2017), we assumed that the 106Ru iso-
tope was present over Bulgaria in the period of approximately October 02–04,
2017, and was then carried away by the air front. Undoubtedly, this isotope’s low
abundance in the air means that it could have remained in negligible amounts
in soils, waters and plants. Its presence there will be the object of subsequent
analyses; since its half-life is around a year, in the next couple of years it may be
found in various locations and in different representatives of the ecosystem. We
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Fig. 1. Gamma-ray spectrum of the sample obtained on October 03, 2017. The high-
intensity peaks are clearly seen due to decay of 106Rh, daughter isotope of 106Ru

emphasize, however, that the amount of 106Ru in the air was hundreds of times
lower than the permissible activity limits for this isotope, so that its possible
inhalation posed no risk at all to the population, and neither did its presumed
presence in the ecosystems.

The sampling process at Moussala BEO takes about 8–10 hours and is ac-
companied by registration of all weather parameters. The important one in the
case discussed is the wind direction, which is indicative of the origin of the air
masses. The averaged diurnal wind speed and direction during the period Octo-
ber 01–05, 2017, and on the day of the sampling, October 03, 2017, are enlisted
in Fig. 2.

An additional factor characterizing the transfer of air masses in the atmo-
sphere is the activity of radionuclides of natural (space) origin. Thus, the natural
radioactive isotope 7Be is present in all samples obtained at Moussala BEO; we
have been monitoring its activity for ∼ 12 years now and have measured val-
ues varying within ∼ 1–10 mBq/m3, at an annual average of ∼ 2.4 mBq/m3

[1]. Activities exceeding 5–6 mBq/m3 point to unusual origin of 7Be caused by
processes occurring in the upper troposphere. Figure 3 illustrates this isotope’s
activity measured in the period around the sampling discussed. As seen, both
on the date of the particular sampling (October 03, 2017) and within the entire
period presented, the 7Be activity is close to the average annual value.

3. Discussion. The basic question about why and where did 106Ru ap-
pear from remains, however, unanswered. 106Ru is among the isotopes used in
brachytherapy tumours treatment. The isotope is presently produced for medical
purposes by irradiating highly enriched 235U by a beam of thermal neutrons. In
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another production route 106Ru is extracted from high-level liquid nuclear waste
[4], which ensures its production in considerable amounts. This means that the
isotope considered could be produced at repositories where highly radioactive
spent fuel of thermal-neutrons reactors is stored and processed. A large number
of communications, reporting the presence and the probable origin of this isotope
appeared in the public media and in the specialized publications in October-
November 2017 [5, 6]. The situation was analogous to that of Fukushima Nuclear
Power Plant disaster, when nuclear fission products were detected over Europe
[7]. The website of the Bulgarian Executive Environment Agency (ExEA) pub-
lished data on 106Ru activity observed at six locations in Bulgaria [8]; almost all
radioactivity values were larger, some by a factor of 10, than the one registered
by Moussala BEO. For example, it is worth noting the 106Ru activity measured
in the city of Pleven (altitude ∼110 m ASL), namely, 24 mBq/m3, indicating that
at lower altitudes the 106Ru activity was higher. On the other hand, the measure-
ments of the average daily 7Be activity (Fig. 4) revealed a lack of the so-called
intrusions, i.e., penetration of large air masses from the upper troposphere. The
latter would be accompanied by an abrupt upsurge in the 7Be activity values,
which had not taken place in the time period considered here. The juxtaposition
of the above facts led us to assume with a high degree of probability that the air
masses discussed had entered Bulgaria’s territory from north- north-eastern di-
rection with a front of a rather low height, about a few hundreds of meters, since
the 106Ru activity was obviously decreasing vertically. Thus, one should exclude
the version put forward by some Russian mass media claiming that the increased
106Ru activity may be due to the burnout of a satellite in the atmosphere, as it is
known that most satellites make use of radioactive sources. The absence of other
radioactive isotopes also does not support such a statement. The lack of official
public information gave rise to a number of speculations. Maybe one of them
offers the most probable conclusions, supported by a mathematical analysis and
the use of modern software, drawn in [9]. The authors advanced the hypothesis of
the most probable place of 106Ru release being the Ural region in South Russia.
According to them, a more accurate estimate is not possible because of the lack
of data from this region. The estimated amount of activity released in the at-
mosphere was about 1012–1015 Bq according to the same source. At the moment
there are no direct experimental results confirming such a proposition.

4. Conclusions. For the second time within about six years, an exten-
sive technogenic radioactive contamination has taken place over Europe. In
Fukushima case we have from ∼ 10 to 45 mBq on all EU, and several isotopes
were identified [7]. In the above mentioned case it is in the frame of 2 to 15 mBq,
and only 106Ru is found. The isotopes from Fukushima accident lasted more
than 1 month, now it was from 1 to max 3 days, and it disappeared. However, in
contrast to the Fukushima disaster, the source was not officially recognized. In
comparison to maximum permissible activity of this isotope in the air, 1.9 Bq/m3
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Fig. 2. Averaged wind speed and direction over Moussala BEO within the period
October 01–05, 2017



Fig. 3. Averaged wind speed and direction over Moussala BEO on the day of sampling,
October 03, 2017
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Fig. 4. 7Be activity before and after taking the 106Ru-containing sample

this is more than a hundred times less. We should point out once more that, both
in Fukushima incident and in the one dealt with here, no real hazards existed to
the population and the environment in Europe.
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