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VISUALIZATION OF THE STATE OF
RADIOLOGICAL CONTAMINATION OF
FOOD PRODUCTS

O6’cxmom OQocniodcenns € GUMIPIOBANHS, OUIHIOBANHS, GI3YANI3AUIsL | KONMPOLL NAUGY PAJIAUiliH020 ON-
POMIHENHS HA JCUMMSL, 300P08’s. 2poMadsi, 0XopoHu 006KILLL ma 6esnexu HapooHoz0CnO0apchkux 06’'ckmie
3 YPAXYBaNHAM PUSUKY BUHUKHENNS MeXHozennux xkamacmpod. Oouieio 3 nailbinowux npobiem € nompeba é pos-
POOYi HayKoBuUx Memodis QOCIONCeNn S KOMNLEKCHUX OUIHOK BNIUGY MEXHOZEHHUX HABAHMAICEND A HAGKOIUULHE
cepedosuiye ma 1oouny. A makoxc y cmeopenti Cneyianizoeanux cucmem, npusHavenux 0us 30opy, sdepizannsi,
06pobKu ma eizyanisayii ingpopmauii 3 suxopucmanmam cyuacnux I'IC (zeoingopmanitinux cucmem) mexmnonoziil.
Ile dossonse ananisysamu 6azamomipni oani 3a 00nomoz010 ix eidobpajcents i3 30epercenism CmpyKmypHux
ocobnusocmeil ingopmagi.

B x00i docridicens 6uxopucmosysaiach KOMNIEKCHA OUIHKI BRIUCY MEXHOZENH020 3a0PYOHEHISL, WO € He0O-
Xi01010 YMOBOIO MEMPONL02iuH020 3a6e3neueniis Ons noziub.ien020 00CIIONCEHI CMPYKMYPU CUCTREMU, SK CONICTb
KOMNOHEHMI8 ma 36 A3KI6.

B pesynvmami nposedenoi pobomu cghopmosano cneyianrizosany CUcmemy anaiisy Oanux, OmpuManux npu
BUMIPIOBANHI 3PA3KIE XaPu0B0T NPOOYKUil, Ha 6i0N0GIOHICMb BUMOZAM CMANOAPMIE HaA MY YU THULY NPOOYKUIIO.
B ocnogi danoi cucmemu 3naxooumvcs pospobra 6asu danux xapuoeozo monimopunzy Yepracvxoi obnacmi (Ypai-
na), cmpykmypa axoi exmouac yenmpanviuil 6ank i 5 cneyianizosanux 6aoxis. Hasoosamvcsa npuxiadu pospaxymxy
NOPIGHANLHUX OUIHOK CIay Pationie 06aacmi, 6KaI0UaUU padiauitiny cKkiaoosy.

IIposedeno sumiprosaiis ma OMPUMAHUEL KOHMPOJLb HAO CKIAOH0I0 00CMAn06K0I0 npu 00HOUACHOMY 00LIKY
senukol Kivkocmi pisnopionux napamempie. Lle noe’ssano 3 mum, wo 3anponorosaniiic Memoo 00noeHIE 6i00-
Mi MemoOu MamemMamuuioz0 MoOes08ans padionoziunozo 3a6pyonens, wo Hanpsamy GRIUCAIOMb HA AKICMb
ACUMMSL HACENEHHL, MA MAE PO 0COOAUBOCMeEll. 30Kpema, po3pobaetis NPozpamiozo cepedosuuya 0t nobydosu
ma eizyanizayii y euzisol MeMAMUUNUX KAPM KOPELAUHOL 3ANeHCHOCME Mide PAdiON0ZIuNUM 3a0PYOHEeHHAM
i 3AX60PIBANHICMIO HACENEHHS Pe2ionY. 3a805KU UbOMY 3a0E3NEUYEMBCL MONCIUBICIY OMPUMAHHSL OUTHKU CIYNEHIO

Kvasnikov V.,
Matviyenko D.

PUBUKY Ot 300P06’SE HACEIeHHS A NPULHAMMS 00TDYHMOBANUX PilleHb OLs 11020 MIHIMI3auiL.
Knatouosi cnoea: sisyarizauis padiayiiiinozo sabpyonenis, Qaxmopuuil anaiia, Kiacmepuui ananis, pacio-

Jloziune xapmoepagyeannsi.

1. Introduction

Data visualization is a way of representing multidi-
mensional data distribution, in which the basic regulari-
ties inherent in the original distribution are qualitatively
reflected: cluster structure, topological features, internal
system connections, distances in the original feature space,
etc. Traditional tools in this area are graphs and charts —
poorly cope with the task of visualization, when it becomes
necessary to depict more than three interrelated quantities.

On the other hand, there is a powerful tool for displaying
information tied to a geographic grid of coordinates [1].

Radiological mapping and forecasting are closely related
to radiological and food monitoring. In this case, mapping
(mapping of radiological indicators) should be considered
as the basis of monitoring, and forecasting — as its most
important consequence. For a number of reasons, these
works in Ukraine were obviously carried out in limited
volumes and with insufficient completeness. Their main
drawback was that, until recently, radiological mapping
and forecasting was carried out, in essence, as radiation,
spectrometric or radio geochemical measurements [2].

For a significant part of Ukraine, in the sense of a com-
prehensive assessment of the radiological situation, much
less has been done than for the 30-kilometer zone. At the

same time there are significant amounts of analytical da-
ta, mainly on the density of '®’Cs contamination, which
constitute many hundreds of thousands gradations. When
all accumulated information is concentrated in electronic
databases, the problem of integrated radiological mapping
of the territory of Ukraine could be solved quite success-
fully and within a reasonable timeframe [3].

Therefore, the study of integrated assessment of the
impact of radionuclides on the environment and the popu-
lation is directly relevant, directly affecting the quality of
life of the population, reflecting the current state of the
environment and the health of the population in the region.

2. The ohject of research
and its technological audit

The object of research is the measurement, assessment,
visualization and control of the effects of radiation expo-
sure on life, public health, environmental protection and
safety of national economic facilities, taking into account
the risk of man-made disasters.

The problems of research of the migration of radionu-
clides in food chains require the use of information techno-
logy in the process of research and the implementation of
mathematical models in applied software packages [4, 5].

s
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Up to the present, radiological mapping is presented
mainly in the form of radiation or radio geochemical maps.
The main attention, as before, is paid to the contamination
density of the area by the main man-made radionuclides,
and a wide range of indicators related to the impact of
the catastrophe on the biosphere and the population of
the adjacent territories, have not received an adequate
cartographic representation.

One of the biggest problems is the need to develop
scientific methods for the study of integrated assessments
of the impact of man-made pressures on the environment
and humans. And also in the creation of specialized systems
for collecting, storing, processing and visualizing informa-
tion using modern GIS (geographic information systems)
technologies. This allows to analyze multidimensional data
using their display while preserving the structural features
of the information.

3. The aim and ohjectives of research

The aim of research is creation of a specialized system
for collecting, analyzing and visual interpretation of food
monitoring data, which would include a database, means
of graphical presentation of information, software for en-
vironmental protection tasks and cartographic modeling
of man-made pollution.

To achieve this aim it is necessary to perform the fol-
lowing tasks:

1. Develop approaches, methodologies and software tools
that greatly simplify the analysis of heterogeneous data.

2. Conduct zoning of the territory of the Cherkasy
region (Ukraine) by radiological indicators of '37Cs and
%Sy content and identify and visualize the relationship
between levels of man-made pollution and the incidence
of the population.

4. Research of existing solutions
of the prohlem

When analyzing software products used for radiological
research, it was revealed that, to date, software products
are used in research, the main purpose of which is vi-
sualization of the investigated process or phenomenon.

There is a fairly wide range of mathematical models
in radiology and the software in which they are imple-
mented. Among them:

USLE. The model developed in the 80s of the last cen-
tury satisfies neither the modern level of science nor the
demands of practice. This model needs to be improved,
which should occur in several areas, including: updating the
information base, further research on the patterns of spatial
differentiation of erosion process factors and the develop-
ment of methods for their geoinformation modeling [6].

Food Web. Analysis of the mathematical model allows to
answer important informative questions about the features
of the dynamics of interacting populations and predict their
behavior in the future. Such transition is accompanied by
the loss of stability of a simple attractor — equilibrium
and the birth of a new, more complex attractor of the
limit cycle. There is a mandatory union of all food chains,
and only a small part of this complex system illustrates
the real ecosystem [7].

ECORAD. The main advantage of this method is the
mathematical solution of the problem of lack of parame-

ters, and the success of implementation depends on the
correctness of the problem statement, the dimension of
the system, the number of unknown parameters and the
accuracy of the presented experimental data. There are
quite a few ways to solve them today. The main disadvan-
tage of these models is a significant number of unknown
parameters characterizing the speed of the processes oc-
curring in the compartments [8].

Stella. The advantages include a good graphing system,
which allows to scale the graph, to place several graphs
on the same page. The disadvantage of this approach is
a large amount of preliminary transformations; besides, the
structure of the model does not resemble a real system,
or it may not even have equivalent circuit and is a set
of equations [9].

POSEIDON. Tt allows describing the migration of various
radionuclides — from describing the source of pollution
to estimating the doses of internal human exposure as
a result of the consumption of seafood. The POSEIDON
model was used to study the consequences of the acci-
dent at the Japanese nuclear power plant Fukushima-1
(March 2011). The disadvantage is that it describes only
the marine environment, including the water column, bot-
tom sediments and marine organisms and does not describe
the food chains of land [10].

THREETOX. 1t provides the ability to predict the short-
term transfer of radionuclides in various reservoirs: rivers,
lakes, reservoirs, estuaries and coastal zones of the seas.
Among the shortcomings can be identified the complexity
of the numerical solution of equations and the need for
powerful computing resources [11].

These models, which show the use of mathematical
modeling in radiology and at the same time, serve as
a kind of reference for scientists working in the field of
research of radiological processes. The above examples of
models were implemented in non-commercial specialized
software packages. As part of the generalization of the
analysis of mathematical models, it can be concluded that
the compartmental models that make up ecosystems de-
scribe the kinetics of processes of a similar nature. Models
of the behavior of radionuclides in the environment (air,
water, soil solution) are described mainly by diffuse con-
vective transport equations (often simplified modifications
are used), since migration of radionuclides is promoted
by processes such as diffusion, convection and advection.

The models of these literary sources for forest eco-
systems are mainly described by systems of ordinary dif-
ferential equations. Although the number of models is
quite significant, only some of the mathematical models
developed in recent years have found their implementa-
tion in applied software systems.

But the disadvantage of these inspections is the lack
of systematization of the tasks of general ecology and radio-
ecology. In addition, these reviews only show the appli-
cation of systems analysis in a specific narrow area of
environmental sciences. From the point of view of sys-
tematization of the tasks of environmental sciences, these
reviews characterize unsatisfactorily the current state of
affairs in this subject area.

There are also a number of published reviews of the
application of methods of mathematical modeling in radio-
logy and radiobiology [12]. One should not think that
any interrelationships can be described by a model in the
form of a system of differential equations, which would
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be subjected to research in the classical sense, that is,
integration in the formula or at least qualitative research.
Ecosystems need to be studied as a whole, not limited
to only those species that are of economic interest to
humans. Mathematical modeling of any ecological system
is a large, long and expensive experiment that has very
little chance of success.

Thus, in studies [13], the dependences of the accu-
mulation of radionuclides in the compartments of plants,
fungi, etc. are given. However, in this work the further
migration of radionuclides along trophic chains to humans
is not fully represented.

Thus, in [14], a mathematical model is implemented that
takes into account the physical features of the distribution
of 9Sr radionuclides along the soil profile, taking into
account soil and minimizing processes. But the question
remains of the further accumulation of radionuclides in
various types of plant products. The main advantage of
the model is that it is based on simple algorithms. How-
ever, they are not informative and graphical visualization
and control of the modeling process are not considered.

In [15, 16], in addition to the presentation of the metho-
dology for system analysis of environmental changes, bringing
formalized descriptions of the stages of building mathematical
models, mathematical models of ecosystems were proposed,
in particular, the analysis of the migration of radionuclides
along the trophic chain «surface phytomass — man». How-
ever, the incidence of diseases against the background of
radiological contamination has not been resolved.

It is shown that the desire for a more accurate descrip-
tion of a complex system object leads to an increase in the
number of factors and processes taken into account, which
makes it difficult to use mathematical models. Analysis and
forecast of such models is performed with an error, which
is caused by the accuracy of the methods, inaccuracy of the
source data. These errors lead to catastrophic inaccuracies
in model predictions. It is necessary to thoroughly study
the interrelationships of natural and anthropogenic systems,
modern methods for assessing and forecasting such relation-
ships, reducing the number of factors taken into account.

In [3], the possibilities of expanding the usual map-
ping of the radiation situation at the radiological level of
mapping were first demonstrated. A set of maps for the
northern territories of Ukraine has been prepared. They
include maps of the state of the environment, a summary
map of '37Cs surface contamination density, a map of the
biogenic radionuclide migration, a map of the incidence
rate of children’s population, and a resulting map of the
degree of radiological danger of residence in the territory
of Ukrainian Polesie. In this work, only the assessment
of the contamination density of the area with the main
man-made radionuclides was performed. However, a wide
range of indicators reflecting the impact of the Chernobyl
catastrophe on the biosphere, especially such as morbidity,
working capacity of the population, fertility, mortality, life
expectancy, etc. is not shown in the map.

So, from the analysis of the well-known software and
mathematical methods, it can be seen that the disadvan-
tages of these examinations are the lack of systematization
of general radiology tasks. Observation of the state of
radiation contamination requires filtering loads (factors)
to obtain an informative component about the state of
contamination and the rate of migration of radionuclides
along trophic chains.

5. Methods of research

The construction of radiological maps, which include
many different indicators, requires intensive theoretical and
methodological studies. First, it is necessary to carry out
a comprehensive analysis of heterogeneous measurements
of the affected ecosystem, and then make the transition
from a simple assessment of the radiation situation to
integral assessments of the radiological consequences of
pollution for a region, its individual territories and main
categories of the population.

Mathematical statistics here acts primarily as a way
to summarize information about the set of objects, allows
to synthesize data on the part (elements of the statisti-
cal population) into information about the whole (about
the entire statistical population). Methods of multivariate
statistical analysis turned out to be the most adequate
means for the transition from a set of disparate pollution
indicators to generalized radiological indices and their
cartographic representation [17, 18].

From the conducted comparative analysis, it is possible
to conclude that the maps represent a reliable means for
visualization and as a guide to the modeling process, to
control and correct it, as well as to evaluate the benefits
of specific mathematical models.

Multidimensional statistical analysis and methods for
visual interpretation of multidimensional data (namely,
factor, cluster methods) will be used as a device for re-
search and prediction of complex medical and radiological
situations. They are closely connected with atmospheric
pollution of large industrial cities of Ukraine against the
background of their radiation pollution, etc. [19, 20].

The basic model of factor analysis is described by the
formula:

E’ezzakixir (1)

where X; — the initial data array; i — the number of co-
lumns of the initial matrix; 2 — the number of selected
factors; F, — common factors; a;, — specific factors.

The factors F,, are structured so that in the best way
(with the minimum error) to represent X,. In this mo-
del, the «hidden» variables F; are called common factors,
and the variables U; are specific factors. «Specific» is
only one of the translations used in the English-language
literature of the word Unique, in Ukrainian literature
as the definition of U; there are also the words «cha-
racteristic», «unique». The value of a; is called factor
loadings [21].

The tree clustering method is used when forming clus-
ters of differences or distances between objects. These
distances can be determined in one-dimensional or multi-
dimensional space. The most direct way to calculate dis-
tances between objects in a multidimensional space is to
calculate Euclidean distances (2).

The Euclidean distance is a geometric distance in multi-
dimensional space and is the distance between points x
and y in n-dimensional space and is calculated as follows:

, 1/2
d(xyy)={2(xi—yf) } :

i

(2)

where x and y are points in n-dimensional space.

;10
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0.8

6. Research resulis

The initial data for cluster analysis 07

are the factor values of the districts
of the Cherkasy region, which were

obtained on the basis of the state enter- 0.6

prise Cherkasy Research and Production

Center for Standardization, Metrology
05

and Certification (Ukraine), Table 1.
The use of cluster analysis will make it
possible to regionalize the territory of

Euclidean distance

0.4

the Cherkasy region on some grounds,
which can be used to make the same
03

decisions in the field of monitoring food
monitoring data, data visualization or
public health [17].

[ ]

To determine the distances between 02

the objects of research, let’s use the
Euclidean distance. This is due to the
fact that the considered areas are in
two-dimensional space (Table 2).

Table 1

Factor values of districts of Cherkasy region (Ukraine), which
were obtained at the previous stage of research

District Designation Factor 1 Factor 2
Horodyshche 1 0.870556 —2.64258
Zhashkiv 2 -0.14365 0.035108
Zvenyhorodka 3 -0.08104 -0.71978
Kaniv 4 -1.38225 —-0.05446
Katerynopil 5 -0.98527 0.197562
Korsun-Shevchenkovsky B -1.22781 0.446697
Lysianka 7 0.507724 0.306024
Talne 8 0.688488 0.653968
Uman 9 0.313546 1.325073
Shpola 10 0.435118 -0.27887
Cherkasy 11 -0.95288 -0.18726

As aresult of the analysis by the tree clustering method,

the following tree diagram is obtained (Fig. 1).

Fig. 1 shows that the districts are clearly divided into

3 groups (Table 3).

1 5

4

9 8 10

Districts of Cherkasy region

Fig. 1. Diagram of clustering districts of Cherkasy region (Ukraine)

Table 3
Dividing of districts of Cherkasy region (Ukraine) into clusters
No. of district Name of district Cluster
11 Cherkasy 1
B Korsun-Shevchenkovsky 1
5 Katerynopil 1
4 Kaniv 1
9 Uman 2
3 Zvenyhorodka 2
10 Shpola 2
8 Talne 2
7 Lysianka 2
2 Zhashkiv 2
1 Horodyshche _

Using GIS, the following information is presented in
a visual form. To display the results of cluster analysis,
the Maplnfo Professional 6 GIS is used. The obtained re-
sults allow to construct maps of the dynamics of grouping
changes in the districts of Cherkasy region by clusters for
2013-2016. And accordingly, to visually assess the change in

Matrix of Euclidean distances between the districts of the Cherkasy region (Ukraine)

Tahle 2

Designation of the
district in Cherkasy 1
region

11

1 0

2.863

2.1454

3.438

3.393

3.735

2.971

3.3

4.007 |2.4035

3.05

2.8633

0

0.7575

1.252

0.1067

1.16

0.705

1.04

1.369 |0.6584

0.842

2.1454

0.757

0

1.47

1.288

1.636

1.183

1.57

2.083 |0.6788

1.016

3.4378

1.252

1.4703

0

0.479

0.527

1.934

2.2

2.194 (1.8411

0.462

3.3927

0.857

1.2881

0.479

0

0.348

1.497

1.73

1.72 |1.4982

0.396

3.7345

1.16

1.6358

0.527

0.348

0

1.741

1.93

1.774 |1.8143

0.7

2.8708

0.705

1.1828

1.934

1.497

1.741

0

0.39

1.037 |0.58894

1.545

3.3016

1.037

1.5746

2.198

1.735

1.927

0.392

0

0.769 |0.9666

1.848

OO |INoOg |~ ||

4.0066

1.368

2.0826

2.194

1.72

1.774

1.037

0.77

0 |[1.6085

1.98

2.4035

0.658

0.6788

1.841

1.498

1.814

0.589

0.97

1.608 0

1.39

[EEN
- O

3.0503

0.842

1.0164

0.462

0.396

0.7

1.545

1.85

1.98 |1.3904

contamination by radionuclides
of food products in different
parts of the region for separate
periods of time (Fig. 2).

The basis of the specialized
system is the development of
a database of medical radiologi-
cal and food monitoring of the
Cherkasy region, the structure
of which includes a central bank
and 5 specialized units. The
process of data visualization in
the form of thematic maps is
described, the correlation de-
pendencies between atmosphe-
ric pollution, '37Cs, Sr food-
stuffs contamination and the
morbidity of the population of
the studied areas are analyzed.
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Examples are given of the calculation of comparative as-
sessments of the radiological state of areas, including the

radiation component.

The developed software package,
taking into account such a database,
is presented in Fig. 3.

The next step is creation of the-
matic maps. It is shown that visu-
alization of data is the best way to
interpret pollution and disease. This
allows not only to analyze the data in
a convenient form, but also to predict
pollution in a particular area. The re-
gions of the region are stained for the
pollution of basic foodstuffs according
to the gradations. For each district,
a column of morbidity per 10 thou-
sand people is built — respiratory or-
gans, blood of the gastrointestinal,
endocrine, nervous, urogenital sys-
tems. As an example, Fig. 4 shows
the result of such visualization.

The high level of environmental
pollution in Ukraine leads to the deg-
radation of ecosystems, an increase in
the incidence of the population and
the deterioration of demographic indi-
cators. These problems are especially
important for technologically-loaded
regions of Ukraine, including Cher-
kasy region, which is industrialized,

cluster 1

% cluster 3

cluster 1

cluster 2

W cluster 3

cluster 2

with a high level of urbanization. A powerful energy base
has been created in the region, which has become the

basis for the development of the chemical industry.

KoraeStevehefgrsky Chirkasy

Fig. 2. Dynamics of clustering districts on maps for:

cluster 1

cluster 1

cluster 2 Kb
cluster 3 ';f
{##l cluster 4 Koy Lo
Cherkas
o i

i

a—2013; b - 2014; c - 2015; d - 2016

N
Cherkasy region
cartographic materials MATLAB
- tzerlrtiirnnetwork sample\ forecast on the basis of carr(llerla
s ) —I/ sampl dol models
Cherkasy region 4
Soil contamination with Cherkasy region
radionuclides ("*’Cs, *’Sr) air pollution el =
- soil type - stationary sources
- transfer coefficient - motor transport
/
Cherkasy region Cherke_lsy region =
Food contamination Public health
e
—1¥7Cs - incidence =
~Sr - birth and death rates -
~ diet =/
< N J G '!
2 :
9] 15 S
2 [t}
& z
STATISTIC{\ Zoning using . o GIS.
system data analysis clustering Data visualization on maps

Sample . Factor
rationing .
analysis

Tactor

hart ¢ values
charts,
graphics interpritation

b

cluster 1
= cluster>
cluster 3

Fig. 3. Structure of the developed software package
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QN

NSNS

Incidence of the population

of 10 thousand people, 2016
5500

Respiratory disease
B Blood diseases

Gastrointestinal diseases

B Endocrine diseases

B Discases of the nervous system

W Discases of the genitourinary system

Content of 137Cs (Bg/g)
in cereals, 2016

B 130--8600 (0)
115--130 (0)
100--115 (1)

90--100 (1)
O 0 90 ©

Fig. 4. Visualization of "*’Cs content background incidence data

Therefore, there is a well-established tendency of the
need to assess the state of environmental pollution not
only by traditional physicochemical methods; they establish
the actual values of concentrations of various pollutants,
but also by using bioindication methods. The latter, as
is well known, provide an answer to the question of the
overall toxicity and mutagenicity of polluted environmental
objects and their degree of danger to biota and humans.
That is, they contribute to solving a number of important
radiological problems in the system of sustainable deve-
lopment of the chemical region and the state as a whole.

7. SWOT analysis of research results

Strengths. A specialized system has been developed for
the collection, analysis and visual interpretation of moni-
toring data and monitoring data for compliance with the
requirements of standards in food production. This system
includes a database, means of graphical representation of
information, cartographic modeling of man-made pollution
and provides data processing in real time.

Weaknesses. There is a need to create a separate spe-
cialized system for each region, which is associated with
the specifics of nutrition of the population of the region
and different from other regions, the nature of radiologi-
cal contamination.

Opportunities. 1t is shown that visualization of data
is the best way to interpret pollution and disease. This
allows not only to analyze the data in a convenient form,
but also to respond more quickly and productively to the
increased activity of the radionuclides *°Sr and '’Cs at
any stage from production to consumption.

This information will be very useful for agricultural
producers who are interested not only in the preservation
of significant financial resources, but also in the produc-
tion of clean raw materials.

Threats. An additional cost would be required by the
enterprise, farm or supervisory authority to develop a data-
base of radiological monitoring, as well as laboratory mea-
surements of food.

1. As a result of the work, a specialized system for
analyzing the data obtained when measuring samples of
food products for compliance with the requirements of
standards for a particular product is formed. The basis
of this system is the development of a database of food
monitoring in the Cherkasy region (Ukraine), the structure
of which includes a central bank and 5 specialized units.
Examples are given of the calculation of comparative as-
sessments of the state of areas of the region, including the
radiation component. Taking into account such database,
a software package is developed that allows not only to
analyze the data obtained in a convenient form, but also
to predict pollution in a particular area.

2. A comprehensive analysis of the monitoring data for
the areas of the Cherkasy region is carried out using the
developed algorithmic and software tools, and the zoning
of the contaminated territories is carried out by radio-
logical indicators. The correlation dependencies between
137Cs, 9Sr food contamination levels and the incidence in
certain areas are studied in order to protect the interests
of consumers, export quality of regional products, protect
public life, human health, and protect the environment.
The results of the analysis are presented in the form of
thematic maps.
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