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ABSTRACT

The twenty years period past after the contamination with radionuclides in 1986, as a result of the accident in the
Chernobyl’s NPP, allowed the accumulation of rich data base for the radiation status of the soils in Bulgaria.
Objective of many years studies were virgin soils from high mountain areas, hilly and flat (the region of Kozlodouy
NPP and the Danube river valley). Ceasium-137 and strontium-90 were the main men-made radionuclides detected in
the examined Bulgarian soils, few years after the accident. The content of ceasium-137 and strontium-90 in the soils
from high mountain areas (Rodopa and Rila mountains) is several times higher then that in the soils from Northern
Bulgaria and Sofia field. High non-homogeneity in the pollution within small areas (scores of square meters even) was
determined. No significant horizontal redistribution was observed for the period after 1986. The tendency of changes
in the radioactive status of the soils in Bulgaria after the accident at the Chernobyl Nuclear Power Plant is not due to
trans-border transfer of radioactive materials or to any breakdown at the Kosloduy Nuclear Power Plant.
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PE3IOME

V3MUHATUAT ABaIECETTOAMIIEH TIEPUOJ] CJIe]] MACHPAHOTO OTJaraHe Ha paguoHyKauau mpe3 1986 rommHa, xarto
pesyarar ot aBapusara B UepHoOwickara AEILl, name BB3MOXKHOCT nga ObJe HarpymaHa Oorara 0a3a JaHHU 3a
panuanoHHMA CTaTyC Ha MOYBUTE B bharapus.

OOeKT Ha JBITOTOJUIIHHU H3CICABAHUS OfXa MENIWHHHU MOYBHM OT BHUCOKOIJIAHWHCKM PAaWOHH, MONYIUIAHHHCKH
u paBHuHHM (paiioHa Ha AEI “Ko3nonyii” u mopeunero Ha p. JlyHaB. Hsikonko roguHu cies MHUMACHTA Ie3Uil-
137 u cTpoHunii-90 ca OCHOBHUTE TEXHOTCHHU PATUOHYKIUAM C€ JACTEKTUpAT B U3CIENBAHUTE OBJITAPCKU TOYBH.
Ceappkanuero Ha ne3ui-137 u crpoHmmii-90 B moYBHTE OT BHCOKOIUIAaHMHCKHUTE paifonu (Pomommre m Puna
IUTAHUHA) € HEKOJIKOKPATHO 1MO-BUCOKO OT ToBa B CeBepHa boirapus u Coduiickoto mose. YcTaHOBeHea O¢ CHiHA
HEXOMOTE€HHOCT Ha 3aMBbPCABAHETO, AOPU B paMKUTE Ha MaJK{ IJIOMIM (IECeTKH KBaJApaTHU MeTpa). 3a mepuoia
cnen 1986 rogunHa He ce HaOMIOAAB 3HAUUMO XOPU3OHTAIIHO TpepasmnpeneneHue. TeHISHITMUTEe B U3MEHEHHETO Ha
panuanoHHMA CTaTyc Ha TouBUTE B bbarapus cien aBapusitaB UepHoOmickara AELL He ce nbykar Ha TpaHCTpaHHUCH
MIPEHOC Ha PaJMOAKTHBHU MaTepHaIU MU HAKAKBO HapymieHue B aeiiHocTTa Ha AELL Ko3nomyii.

KirouoBu 1ymu: paanoakTUBHOCT, OKOJTHA Cpenia, TIouBa, 3aMbpcsiBane, e3uit-137, crponnuii-90.
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Introduction

Continuous radiation control is performed in the country,
since the end of the sixties because of the operation of
the Bulgarian NPP “Kozlodouy”,. Ceasium-137 and
strontium-90 are the main men-made radionuclides
detected in the soils. Until 1986 the mean values for the
specific activities of the above mentioned radionuclides
were as follows: Northern Bulgaria - *°Sr - 4 Bq.kg! and
¥Cs - 10 Bq.kg!; Sothern Bulgaria - *Sr - 4 Bq.kg™
and ¥’Cs - 26 Bq.kg' [1, 2]. These values were received
by calculating the arithmetic mean from the results
for specific activities in soil samples from 25 different
sampling points in Northern Bulgaria and 20 such in
Sothern Bulgaria. The mean square deviation at this
averaging was up to 40%.

The massive deposition of radioactive elements after
the accident at the Chernobyl Nuclear Power Plant has
changed radically the radio-ecological status of the soils
in Bulgaria. After the first several months following the
incident, essential for the radiation status of the soils
were the contents of the long-lived isotopes of Ceasium-
137 and Strontium-90. Until 1989 in the soils of some
regions of the country, where the impact was greater
one could observe rest quantities of up to 10-15 Bq.kg!
Rutenium-106 and Antimonium-125, which are getting
less in a natural way due to the shorter period of half-life
time and which do not have an essential impact on the
general pollution of the soils [3].

Material and methods

Object of our study are the two comparatively long-lived
radioisotopes, namely Strontium-90 and Ceasium-137
not only because they represent a potential danger for the
contamination of the plant production through the root
feeding but also due to the fact that because of their long
periods of half-live, it is possible to follow them for a
longer period of time.

For the purpose of making an assessment of the upper
strata pollution of the soil we have carried out analyses of
soil samples from the soil layer 0-5 cm. Sampling points
were specified considering the wind direction, and the soil
samples were taken according to the procedure defined in
Bulgarian Governmental Standard BGS17.4.5.01-85 for
soil sampling from permanent sites.

Sampling is done annually from one and the same sampling
points. Depending on the place of taking the sample, three
groups have been defined: Northern Bulgaria, which is a
plain area (around the NPP Kosloduy and along the river
Danube — 40 sampling points [sp]); semi-mountainous
(the Sofia plain — 10 sp) and Southern Bulgaria (the
Rodopa mountains area — 25 sp). The water catchment
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basin on the Beli Iskar river in the Rila mountains (5 sp)
and the valleys of Struma and Mesta rivers (15 sp) were
included to the investigated regions lately. In this way we
have covered almost the whole area of the country which
means that different soil types are included. In this paper
we will not discuss in details the vertical distribution in
soil profiles. That is why here we will not comment the
effect of different soil types on migration processes. We
have done investigation concerning these problems and
the results are published [3, 4, 5].

The soil samples taken have been analyzed by the
gamma-spectrometric method. A high-purity germanium
detector with 20% efficiency was used. The measuring
system included a multichannel analyzer DSA 1000. The
experimental errors were less then 10%.

Radio-chemical determination of Strontium-90 has been
carried out. [6]. *°Sr was determined by its progeny Y.
The radiochemical procedure used is based on extraction
of yttrium with TBP (tributylphosphate) and precipitation
with oxalic acid. The measurement was done on low-
background beta-measuring system, operating in an anti-
coincident mode.

Results and discussion

To enable a more obvious depiction of the assessment
of the changes in the radiation status of the soils we
have presented averaged values for specific activities
of the Ceasium-137 and Strontium-90 (figures 1 and
2 respectively) in soils from Northern Bulgaria and
Southern Bulgaria for the first ten years following the
accident (1986-1996). These values were received by
calculating the arithmetic mean of the results from 40 soil
samples from 40 different sampling points in Northern
Bulgaria [NB}and 25 — from Southern Bulgaria [SB].
It is to be noted that the surface pollution is very non-
homogeneous and this brings about great deviations in
calculating the arithmetic mean values. For Strontium-90
the mean square deviations are between 20% and 80% for
the different areas and for Ceasium-137 they are between
30% and 60%. This is the reason why it is difficult to
make categorical evaluations of an obvious increase or
reduction of the contents of these radio-nuclides in the
upper soil layers. The most probable reason for this non-
homogeneity is the type of deposition in May 1986 after
the Chernobyl’s accident. It was wet deposition for a
short time combined with heavy rainfall.

The specific activities of 1*’Cs are four to five times higher
in the soils from Southern Bulgaria than in those from
Northern part. For SB the mean values vary in the years
between 160 and 280 Bq.kg', while for NB — between 40
and 60 Bq.kg'.This can be explained with the difference
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Table 1: Content of Cs-137 and Sr-90 in high mountainous soils
from Rila mountains 1996 [in Bq.kg™ layer 0—5 cm]

A [Bq/kg]

Site Cs-137 Sr-90

1. Allinitsa 1208+1% 100

2. Allinitsa 2 298+1% —

3. Near lake, at hut Moussala 1643+1% —

4. Above the lake at hut Moussala 1123+1% —

5. Borovets 1105+1% 49
Cs-137

1994r.

ENorthen BG
B Southern BG

1996r.

Fig.1: Average values of Cs-137 content in soils [Bq.kg" dry wt]
for the period of 1986-1996

in altitude and what is more the radioactive cloud in 1986
passed twice the Southern part of the country and there
the quantity of the rainfall was higher.

We can compare these results with data from
neighbouring country like Greece [7]. In the book cited,
the authors report values of 44.3 + 28.6 Bq.kg! for mean
concentration of ¥’Cs in Greek soils for the period 1986-
1990. These concentrations are several times lower then
those determined by us in the Southern part of Bulgaria.
This difference in the level of contamination is caused by
the difference in meteorological conditions, the type of
deposition and difference in altitude.

In 1991 a tendency becomes evident of increase of
the average values of the Ceasium-137 contents in the
Rodopa mountains. This is most probably due to the fact
that a more-active plant mass (pine needles) penetrates
the soil, which is due to the specifics of the plant cover
in this area. During the following years a small reduction
of these values is observed, whereas the differences fall
within the framework of the variations of unevenness of
the pollution. During the last year the level of 1986 was
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achieved, whereas no impact of the plant mass, which
has penetrated the soil afterwards, is to be noticed.
Several years later (1992-1994) a similar tendency is
to be observed also with the Strontium-90 pollution
in this area. For 1992 the values are as follows: 14,0 +
4,9 Bq.kg! and for the year 1994 the values are 12,7 +
6,7 Bq.kg!. The differences, when comparing with the
preceding years, fall again within the framework of the
non- homogeneity of the pollution. This displacement
in the time regarding the two radio-nuclides is probably
due to the difference in the forms of deposition and the
methods of determination. The contents of Ceasium-
137 have been determined in a non-destructive way, by
gamma - spectrometric analysis, whereas for Strontium-
90 a radio-chemical procedure has been applied, where
the Strontium-90 is extracted from the soil by means
of an acid. Probably with the time processes are taking
place in the soils, which free the Strontium-90 from its
acidic-non-soluble forms and this enables the detection
of these forms by the method used.

The levels of Strontium-90 observed during the last
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Fig.2: Average values of Cs-137 content in soils [Bq.kg™" dry wt]
for the period of 1999-2004
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Fig.2: Average values of Sr-90 content in soils [Bq.kg" dry wt]
for the period of 1986-1996

couple of years are slightly over those detected in the
period 1986- 1991 (Figure 2)

Non- homogeneity of the Ceasium-137 and Strontium-
90 isotopes distribution in the area observed becomes
evident.

The comments on the mean values notwithstanding the
great deviations when obtaining the latter, serves the
purpose of information and is representative for the
general status of the radio-active pollution of the areas
under survey.

The results from the research on high mountainous soils
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(with an elevation of 1700-1900 meters altitude) have
been presented in table 1. These samples have proved a
strong non- homogeneity of the pollution, namely from
3 to 1700 Bq.kg! for Cs-137, whereas the highest values
have been given in the table.

When studying the migration of the two radio-nuclides in
depth of the soil profile during the first months after the
accident in 1986 we established that radioceasium had
penetrated down to a depth of 30 cm [3, 8], a fact reported
by other authors too [9]. In the following years we have
not observed significant change in this distribution;
therefore the migration processes for ceasium have not
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influenced its content in the surface soil layer.

After 1996 the researches on status and dynamics of
the radio-active pollutions of the soils in the country
was directed mainly towards an expansion of the sites
number for the purpose of encompassing a greater
territory. Regions, which have potentially been exposed
to radio-active pollution, have been researched on. An
example for such regions are the high mountainous soils
of the Rila and Pirin mountains, the areas along the rivers
Struma and Mesta, etc.

Figure 3 shows the results obtained from the analyses
of soils in Northern Bulgaria, the plain area (around the
Kosloduy NPP and along the river Danube); areas along
the rivers Struma and Mesta, and the region of the Rila
and Pirin mountains.

As becomes obvious, the contents of radioceasium in
the soils of Northern Bulgaria and the valleys of the
rivers Struma and Mesta are comparable while for the
mountains soil (Rila and Pirin), relatively higher values
for this radio-nuclide have been observed, which is
natural due to the geographic situation.

The above mentioned expressed non- homogeneity of
the pollution has been registered also during the last 10
years, that is 1997- 2006. The contents of Ceasium-137
vary within broad limits and no considerable change has
been noted in the radiation status of the soils in the areas
under observation.

Conclusions:

- In 1986 the radio-active status of the Bulgarian
soils has strongly changed due to the accident at the
Chernobyl Nuclear Power Plant.

- Ceasium-137 and Strontium-90 are the basic
radio-nuclides to be detected in the soils until our last
measurements.

- The contents of Ceasium- 137 and Strontium-90
in the soils of the Rila and Rodopa mountains are higher
than these in Northern Bulgaria and the Sofia plain. The
contents of Ceasium-137 is five- to six times higher at
some places.

- In 1991 an expressed tendency of increase of
the Ceasium-137 contents in the soils of the Rodopa
mountain was observed, the same was observed in 1993
for Strontium-90 as well. It has to be noted that this
change is not due to trans-border transfer of radio-active
materials
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- The tendency of changes in the radio-active
status of the soils in Bulgaria after the accident at the
Chernobyl Nuclear Power Plant is not due to trans-border
transfer of radio-active materials or to any break-down at
the Koslodouy Nuclear Power Plant.
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