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In the present paper shows the analysis of the available data on levels of concentrations and aggregative
transfer factors (TFag) of "’Cs from soil to different species of mushrooms growing in the contaminated areas
of the Bryansk region, which is used to improve predictive models for estimation the expected levels and the
expected values of TFag and planning of further research.
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In spite of the fact that nearly 28 years passed after the
Chernobyl accident, decreasing of the soil surface activity lev-
els occurs very slowly. For today total square of the territory
of Bryank region contaminated over 37 kBg/m? (1 Cu/km?) is
more than 6682 km? (square kilometers). [1]. Due to the high
level of residual radioactive contamination of large areas of
Russia after the Chernobyl accident a long-term forecast of
radioactive contamination of forest food products, contribut-
ing to the internal dose of the population living in these areas,
is an topical task. In forest ecosystems mushrooms are the
main dose-forming components in the food chain [2-4] (es-
pecially for critical groups such as inhabitants of contaminat-
ed areas, forestry workers, hunters and their families).

Currently, the main contribution to the dose (up to 80%)
began to give natural foodstuffs, mainly mushrooms, which
are traditional food of rural residents of contaminated areas
[5-8].

For long-term forecast of the behavior of radionuclides
in forest ecosystems, it is necessary to have a reliable math-
ematical model of the dynamics of the aggregative transfer
factors (TFag), depending on the time and other factors that
may effect on the TFag. The main parameters effecting on

the TFag from soil to mushrooms are: - soil surface activity;
- physical-chemical properties of the soil (exchangeable po-
tassium content, pH, concentration of exchangeable potas-
sium (K,0), concentration of the organic substance (C), the
sum of exchange bases(S), cation exchange capacity (CEC),
the contents of alphitite and soil moisture); — Mushroom spe-
cies specificity [9,10].

Because mushrooms are largely determined the dose of
internal exposure of human and serve as indicators of the bio-
availability of '¥Cs, it is necessary to clarify the parameters
describing the rate of change of accumulation of ¥’Cs de-
pending on the time passed since the accident. This model
will help to predict the expected average levels of contami-
nation of mushrooms, the range of most probable values for
the individual species of mushrooms, to identify areas where
pollution levels mushrooms will be located within established
standards, to give a more precise assessment of the contribu-
tion of mushrooms in individual and collective doses.

The objective of this article is to analyze the existing data
to refine the parameters of the predictive model of estimates
of the expected levels of '*’Cs in different species of mush-
rooms and the expected values of the TFag, as well as de-
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velop a plan for further survey.

In accordance with the objective of the research was
solved the following tasks:

1. To conduct a statistical analysis of the available data, to
identify common patterns and to group the data for develop-
ment of the schema for planning of survey;

2. To develop a base map for spatial data analysis.

3. To develop a plan for field studies for verification of the
forecast model and the specification of its parameters.

The object of the study is concentration of 137Cs in mush-
rooms collected in the territories of the Bryansk region with el-
evated levels of radioactive contamination after the Chernobyl
accident, the radionuclide accumulation patterns and chang-
es in the levels of accumulation over time.

The main part of data that formed the basis of this work is
the data obtained in the Institute of radiation hygiene for the
period from 1987 to 2007 (courtesy of the laboratory of ra-
diochemistry), as well as our own data obtained in 2008 and
2009 [11,12].

As the main study area was chosen Bryansk region, its
south-western regions, the most affected by the Chernobyl
accident in 1986.

Statistical processing (evaluation sample mean, standard
deviation) and a graphical representation of dynamic depend-
encies, the frequency distribution is carried out by means of
MS Excel, and in some cases using Mathlab 2008b.

Cartographic representation of the data was carried out us-
ing mapping package Mapinfo 7.0, which were built by sepa-
rate map layers — the boundaries of administrative units; — The
location of settlements; — Landscape features; — Soil types;
- Levels of radioactive contamination of the soil; — Isolines ex-
pected levels of 137Cs in mushrooms.

1986 .

The subsequent combination of separate map layers al-
lowed us to estimate the possible impact on the results of
studies of individual factors, such as soil type, the level of
contamination, distance fromsettlements to forests and other.

Isoline contouring of the levels possible concentration of
87Cs in mushrooms was carried out by Mathlab 2008b in spe-
cially developed in the laboratory of ecology of NIIRG com-
puter program.

The level of radioactive contamination of 137Cs is the key
parameter that depends on the concentration of radionuclide
in vegetation, agricultural food products, and, of course,
mushrooms. Data on the soil surface activity in the affected
regions of Russia annually transferred to the Institute of radia-
tion hygiene by Rosgidromet.

Figure 1 shows maps of radioactive contamination of the
Bryansk region in different periods of time [13].

Figure 2 selection areas of radioactive contamination,
constructed according to Rosgidromet for 2014 through spe-
cially designed programs developed in the laboratory of ecol-
ogy and transferred to Mapinfo within the boundaries of the
administrative map of the Bryansk region.

MapInfo means were calculated areas of radioactive con-
tamination in selected on the map ranges of soil surface activ-
ity. The results of calculation for 2014 showed that the total
area of the Bryansk region contaminated by more than 1 Cu/
km2 is 6682 km2. Despite the fact that since the accident
at the Chernobyl nuclear power plant was almost a half-life
(137Cs — 30 years), reduced levels of surface contamination
of soil is very slow. Forecast calculations in levels of soil sur-
face activity in South-Westernpart of the Bryansk region, be-
tween now and 2056 are shown in Table 1.

Figure 1. The soil surface activity with '*’Cs in the South-Western part of the Bryansk region in 1986 and 2056,
Legend: red — >40 Ku/km?; orange — 15-40 Ku/km?; green — 5-15 Ku/km?; blue — 1-5 Ku/km?2.
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Figure 2. Characteristics of radioactive contamination in the Bryansk region '*’Cs in 2014
Legend: Red -> 40 Ku/km?; Orange - 15-40 Ku/km?; Green - 5-15 Ku/km?; Blue — 1-5 Ku/km?.

Table 1
Soil surface activity investigated areas of the Bryansk
region in 2014 and 2056 years soil surface activity '3’Cs,

areas areas
Cu/km?(kBa/m?) of contamination, of contamination,
2014, km? 2056, km?
1-5(37-185) 3090 4651
5-15 (185 - 555) 2936 872
15-40 (555-1480) 615 42
>40 (>1480) 41 0
Total: 6682 5565

It should be noted that, according to forecasts of radio-
active contamination of the investigated areas of the Bryansk
region in 2056, there will be lower levels of surface contami-
nation, but the area of contamination will continue to be ex-
tensive- 5565 km?2. In the area of radioactive contamination
will still get large forest areas, therefore, the problem of high
concentration of 137Cs in mushrooms will be relevant in 2056.
Due to the fact that the mushrooms are traditionalfood stuff,
the population until 2056 will receive additional internal expo-
sure dose on their consumption.

The mostly affected due to the Chernobyl accident are
South-Eastern arrears of the Bryansk region: Krosnogorky,
Gordeevsky, Klintzovsky, Novozybkovsky Zlinkovsky and

Klimovsky. 306 027 inhabitants live in this territory, 167 685
from them are urban inhabitants and 306 027- rural (table 2).

Table 2
The population of the South-Western districts
of the Bryansk region on January 1, 2013 [14]
Population
District Total
Urban Rural
Krosnogorky 5610 6 862 12472
Gordeevsky sor7 11223 11223
(r. Topoeeska)
Klintzovsky 69 593 (r. KnuHupbl) 19539 19539
HoBo3abibkoBckui 40773 11784 11784
(r. HoBO3bIGKOB)

Zlinkovsky 8067 4230 12297
Klimovsky 13444 15533 28997
Total: 167 685 138 342 306 027

One of the factors that affect the TFag of 137Cs from sail
to mushrooms is a type of soils. For the analysis of soil types
was used raster soil map of the Bryansk region at a scale of
1:1500 000 [15]. Using a set of tools Maplnfo were built a sep-
arate layers of map of the soil types of studied districts of the
Bryansk region (figure 3).
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:] - sod cryptopodzol soil;
[ - sod-podzol soil;
I - gray forest soil

[ - light-gray forest soil;

ﬁ — floodplain sod soil;
- marshy soil;

[ - sod-podzol gleyic soil
and gleysol

Figure 3 Distribution of types of the studied soils in South-Western districts of the Bryansk region

Figure 3 shows that among all the soil types characteris-
tic for the Bryansk region on its contaminated areas the most
prevalent types are sod podzol soil (light and medium pod-
zolic) and a small amount of floodplain sod soil located in the
floodplains, where, as a rule, mushrooms practically does not
grow. Sod-podzol soils are characterized by low content of
physico-chemical properties (concentration of exchangeable
potassium (K20), concentration of the organic substance
(C), the sum of exchange bases(S), cation exchange capac-
ity (CEC), the contents of alphitite (Clay) and soil moisture)
that contributes to the increase of TFag of 137Cs from sail to
mushrooms, consequently, the increase of the contribution to
the dose of internal exposure of the population through the
consumption of mushrooms growing on these soils.

The intensity of mushroom collecting is often related to
the distance from the forest, so it is important to understand
the extent to which residents have the opportunity to plan vis-
its to forests. Itis clear that the more distance to the forest, the
harder it is to schedule a visit. On the other hand, in the near-
est woods, even on highly contaminated areas the temptation
of mushroom collecting is significant. From figure 3 it can be
seen that part of the settlements surrounded by forests, and
the number of the settlements are removed from the forests.

Extensive radioactive contamination after the Chernobyl
accident by 137Cs led to a significant increase of its concen-

tration in natural food products, in particular, mushrooms.
We have to take into account that collection and harvesting
of mushrooms is traditional both for urban and rural popula-
tion of Russia. [16]. Studying of the long-term dynamics of
TFag 137Cs in different species of mushrooms showed that
the decrease in the rate of accumulation is very slow (period
of semi-purification is tens of years), with minor variations
over the years, this is due to the accumulation of 137Cs in the
mycelium of mushrooms, which can hold up to 40 % of 137Cs
migrating deeper into the soil profile throughout his life (10-20
years). [2-3]. Thus, the mushrooms in the long-term perspec-
tive will play a significant role in the formation of internal ex-
posure dose as an additional source of human exposure [6-8,
11-12].

Figure 5 presents the data on the TFag 137Cs to mush-
rooms collected in the Bryansk region after the Chernobyl
accident from 1986 to 2009 and shows a trend of decreas-
ing of TFag depending on the time elapsed after the accident
Noteworthy is wide variation of TFag, which is unlikely due to
the type of soil as prevalent mainly sod-podzol soils.

Noteworthy is wide variation of TFag, which is unlikely due
to the type of soil as prevalent mainly sod-podzol soils.

The rate of drawdown of TFag for the entire data, obtained
in the period from 1986 to 2008 is characterized, without tak-
ing into account radioactive decay, a period of 17 years.
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* - settlements near to the forests;

@ - settlements far from forests

Figure 4. Base map of the settlements of the South-Western districts of the Bryansk region, located at different
distances from forest
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Figure 5. Characteristic of the data on '*’Cs aggregated transfer factors from soil to mushrooms, in Bryansk region
beginning with 1986
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Analysis of the frequency distributions of logarithms of
137Cs aggregative transfer factors from soil to mushrooms
according to data obtained in the period from 1987 to 2009
demonstrates that TFag for mushrooms with tubular hyme-
nophore (lilac columns) (N23), for mushrooms with lamellar
hymenophore (red columns) (N22) and for mushrooms as a
whole (N21) lay in a very wide diapason (figure 6).
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Figure 6. Frequency distribution of the logarithm of the TFag '*’Cs
in different species of mushrooms according to NIIRG and own data
for the period from 1987 to 2009
Remark:1 -mushrooms with tubular hymenophore and lamellar
hymenophore; 2 — mushrooms with lamellar hymenophore;

3 — mushrooms with tubular hymenophore.

The average values of TFag for mushrooms with tubular
hymenophore (purple columns), higher than with lamella-
rhymenophore (red columns). This is mainly due to the fact
that the mycorrhiza (mycelium) of the mushrooms with tubu-
lar hymenophore (all Boletus: Xerocomus, Boletus badius,
Suillusbovinus,Suillusluteus) is located in the deeper mineral
soil horizons, where *"Cs with the time elapsed after the ac-
cident, partly moved through vertical migration. In addition,
some kinds of mushrooms prefer moist growing conditions,
which also contributes to increased transfer of '¥’Cs from soil
to plants, with which they form a symbiotic relationship.

The rate of decline of TFag separately for mushrooms with
tubular and lamellar hymenophore is shown in Figure 7. The
figure shows that the rate of decline of TFagfor mushrooms
with a tubular hymenophore is 15 years and more, while for
mushrooms with lamellar hymenophore more than 100 years.
If you select all of the analyzed species of mushrooms with
lamellar and tubular hymenophore only mushrooms belong-
ing to the group highly accumulated such as Xerocomus
chrysenteron, Boletus badius, Suillusbovinus, Suillusluteus,
Lactariusnecator, Lactariusrufus, Lactariustorminosus, the
TFag for this group will be 2 times higher in comparison with
the mushrooms with lamella hymenophore and 3 times higher
— mushrooms with tubular hymenophore.

Due to the fact that mushrooms are not only a product of
personal consumption, but also spread through trade net-
works (canned, frozen) for mushrooms are establish certain
standards. According to the standards of the joint sanitary-
epidemiological and hygienic requirements to goods and
products subject to sanitary and epidemiological supervision
[17] the tolerance levels of '¥’Cs in mushrooms should not ex-
ceed 500 Bg/kg in fresh and 2500 Bqg/kg in dried mushrooms.
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Figure 7. Dynamics TFag '*’Cs sod-podzol soils of the Bryansk
region in mushrooms with lamellar and tubular hymenophore

Knowing the approximate average values of TFag for differ-
ent species of mushrooms can be evaluated at any level of soil
surface activity content of the radionuclide in the mushrooms
will comply with the standard or exceed it in a certain number of
times. Using information about the levels of soil surface activity
in the settlements by 2014, it is possible to estimate the pos-
sible level of cesium in the mushrooms. An extensive data of
Rosgidromet on soil surface activity with '3’Cs was allowed to
construct the isolines of levels of exceeding the standard of ra-
dionuclide concentration in contaminated areas. These isolines
were constructed for the conservative values of the TFag, taken
equal to 0.01 m?/kg for all species of mushrooms (figure 8).

Isolines in Figure 8 shows the areas of exceeding of the
allowable level of '*’Cs in mushrooms with different types of
hymenophore collected in forest areas characterized by dif-
ferent levels of soil surface activity.

The levels of possible contamination of mushrooms can
also be evaluated by the expected levels of internal exposure
dose due to the consumption of mushrooms.

Based on the data about the lev Is of soil surface activity
and the expected values of the TFag it is possible to calculate
predicted dose of internal exposure of the population living
in areas with different levels of soil surface activity due to the
consumption of mushrooms.

The model parameters estimation of effective doses of in-
ternal exposure due to intake of radionuclides by mushrooms,
include the volume activity of radionuclides in them, diets,
dose coefficients linking the intake of radionuclides into the
body and effective dose of internal exposure [16].

According to the statistical data of a population survey on
the effective annual consumption of wild mushrooms older
residents of the midland of the European part of Russia, the
average consumption of mushrooms by population living in
villages, towns and cities with a population less than 100 thou-
sand people is from 8 to 10 kg/year [16].

The average annual committed internal dose (D) due to
the consumption of mushrooms is calculated by the formula
(1) in accordance with the Guideline [16]:

D =m (kg/year) * ¢ (Bk/m?) * TFag (m?/kg) * dk (mSv/Bk) (1)
where: D — committed dose of internal exposure due to the
consumption of mushrooms, mSy;
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Figure 8. Isoline of exceeding of the allowable level of '*’Cs in mushrooms Note: the change in the soil surface activity is indicated
by the following gradation color: red — >40 Cu/km?; orange — 15-40 Cu/km?; green — 5-15 Cu/km?; blue — 1-5 Cu/km?.
Symbols of different colors mark forest areas, within which grow mushrooms exceeding of the concentration
of ¥’Cs in number of times.

m - annual effective consumption of mushrooms taken
equal to 10 kg/year;

o - soil surface activity of study area, Bg/m?;

TFag - aggregative transfer factors of '’Cs from soil to
mushrooms, taken equal to 0.01 m?/kg;

dk — dose coefficient for the food ways of '*’Cs in the hu-
man body; for adult men and women made an average value
of dk=1,3*10-5 mSv/Baq.

The results of the estimates are presented in table 3, which
shows that when the average consumption of 10 kg of mush-
rooms per year, collected in the areas with soil surface activity
c in the places of residence of the population from 15 to more
than 40 (555-1480) Cu/km? (kBg/m?) — dose of internal expo-
sure due to the consumption of mushrooms can reach 0.75
and more than 2 mSv per year.

Table 3
The results of the estimates of committed dose
due to the consumption of mushrooms

soil surface activity '*’Cs,

Cu/km? (kBk/m?) Dose, mSv/year

1-5 (37-185) 0,05-0,25
5-15 (185 - 555) 0,25-0,75
15-40 (555-1480) 0,75-2

>40 (>1480) >2

As a result of this work was carried out statistical analysis
of the available data on aggregative transfer factors of '*’Cs
from soil to different species of mushrooms and revealed the
following regularities: aggregative transfer factor to mush-
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rooms with tubular hymenophore, mushrooms with lamellar
hymenophore and in all the mushrooms are in a very wide
range. The slowdown in accumulation occurs in all the mush-
rooms very slowly, with the half-period for all mushrooms - 17
years without taking into account radioactive decay; The rate
of reduction aggregative transfer factor to mushrooms with
tubular hymenophore higher than for mushrooms with lamel-
lar hymenophore, because of the depth of the mycelium; the
analysis conducted to assess potential internal dose of the
population from the consumption of mushrooms growing in
areas with different levels of soil surface activity shows that
the average consumption of 10 kg of mushrooms per year,
collected in the territories of residence internal dose due to
mushrooms can reach more than 2 mSv per year.

Were developed multi-layered geographic information ba-
sis for planning of the field studies including the administra-
tive boundaries of districts, settlements, levels of soil surface
activity, types of soils, forests, areas with exceeding of the
permissible levels of '*Cs in lamellar and tubular mushrooms
collected in forests characterized by different levels of soil
surface activity;

With the use of spatial data representation was developed
plan of field studies on verification of the predictive model and
the specification of its parameters. It is planned to explore the
22 forest sites of the 7 South-Western districts of the Bryansk
region, located on sod-podzol soil t with different levels of soil
surface activity of '*’Cs (from 0.3 to 60.8 Cu/km?).

Preliminary work, including cartographic analysis of data on
the soil surface activity, soil types, aggregative transfer factors
of 137Cs from soil to different species of mushrooms allows to
draw some conclusions concerning the problem of building a
predictive model on the basis of which it is possible to predict
over what period and on what areas the levels of contaminations
of mushrooms will not exceed established standards.

1. To build a predictive model it is necessary to conduct
additional field studies to clarify the reduction level of ag-
gregative transfer factors of Cs to different species of mush-
rooms, because reliability of presented in the article estimates
is low by the significant scatter of the data. The preferred re-
gion for this study is the Bryansk region.

2. In the upcoming field studies need to compare the ex-
pected levels of accumulation of Cs in mushrooms at different
levels of soil surface activity with the actual that will help to as-
sess the reliability with which to work the predict model.

3. It is necessary to clarify what extent the soil type and
other factors can affect on aggregative transfer factors and
research the possibility of building of models, providing more
reliable data.
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