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General characteristic of the dissertation

Problem of the thesis

A human being has been constantly influenced by the so-called
background ionising radiation since his/her coming into Earth. Despite the
benefit which is received by using the sources of ionising radiation for practical
purposes, it may do a serious harm to people’s health if the requirements are
neglected. The change of many natural radionuclides is becoming more
intensive because of man’s economic activities (constructions, road building,
the usage of fertilizers, mining, metallurgy etc.). Apart from radionuclides of
natural origin, technogenic radionuclides (due to the tests of nuclear bombs,
nuclear energetics, the usage of radioactive isotopes etc.) such as radioactive
strontium (*°Sr), caesium ("*’Cs ), plutonium (*** ***Pu ) and others are getting
into our environment causing serious society’s anxiety. It is understandable that
society inevitably causes certain damages of the environment, which can rarely
be reduced or completely avoided.

The ionising radiation of long-lived natural radionuclides is common both
to a human being and the environment that surrounds him/her. Man’s activities
related to the rapid growth of industry and cities as well as the usage of nuclear
technologies have raised the level of specific activity of certain radionuclides to
a such limit that it pretty well exceeds a natural background at the same time,
according to the radioecological standpoint, making them sources of additional
exposure.

It is inevitably necessary to identify the radionuclides of natural and
anthropogenic origin which got into the environment because of man as well as
to analyze their distribution in the atmosphere, hydrosphere, lithosphere,
vegetation and fauna. Also, it is especially important to determine the causes of
the increase of the intensity of ionising radiation in urbanized territories.

Topicality of the problem

The anthropogenic evaluation of the change of natural ionising radiation is
especially essential regarding ecological aspect. Therefore, it is necessary to
carry out experiments that would allow to determine how much a human being
influences the environment.

A lot of scientists analyze the issues related to the quantities of
radionuclides, their spread and influence on the environment as well as they
deliver separate solution ways to them, but there are only few works analyzing
the problem of natural radiation changes due to man’s activities. Concerning
that, the specific activities of natural radionuclides and their migration
regularities in the environment surrounding man were identified in this thesis.
The ionising radiation changes due to man’s activities were analysed in the




thesis. The results of dosimetric and spectrometric research were presented. The
geophysical places related to man’s activities mostly such as construction
objects, roads, pavements, tunnels, quarries etc., and the territories in which
anthropogenic activities are quite insignificant (the Curonian Spit) were chosen
to perform measurements. Since people spend most of their life indoors, the
change of gamma radiation in buildings was evaluated and the specific
activities of the main gamma emitters in the most frequently used building
materials were measured, and the contribution to their caused exposure was
evaluated. Having determined the changes of gamma radiation in the
environment by carrying out experiments, it is possible to model and predict the
potentials of the changes of gamma background.

Aim and tasks of the works

The aim of the thesis was to carry out a set of experiments of natural
ionising radiation in the urbanised and natural environment as well as to
evaluate its changes due to people’s activities.

e To perform the analysis of scientific references on ionising radiation
changes due to anthropogenic activities.

e To improve and apply the methods of registration of parameters of ionising
radiation, relating them to the processes going on in the environment.

e To create a computer model which would help evaluate the intensity of
ionising radiation change due to anthropogenic activities.

e To carry out the measurements of the equivalent dose rate in the air layer
close to the ground surface in a non-urbanized surrounding (forests, fields,
above water reservoirs) and in the territories related to man’s activities
(close to building constructions, in buildings, above roads and roadsides
etc.).

e To identify the specific activities of natural radionuclides found in the soil
of different granulemetric composition and in building materials most
frequently used in Lithuania.

e To evaluate the contribution of natural radionuclides present in the soil and
building materials to the dose of their caused exposure.

e Having performed a set of experiments to evaluate the contribution of
man’s activities to the changes of gamma radiation.

Scientific novelty

By dosimetric, radiometric research and by modelling the formation of
exposure dose in the air layer close to the ground surface, by a set of
experiments in the urbanised and non-urbanised environment it was identified
that man while building houses, digging quarries, building roads etc., changes




the intensity of natural ionising radiation at the same time changing the

distribution of natural radionuclides. While identifying that:

o the ionising radiation changes due to anthropogenic activities, caused by
natural radionuclides, were evaluated.

e the methodology of dosimetric research using global positioning system
(GPS) was improved.

e a computer model was created with the help of which it is possible to
evaluate the change of ionising radiation, moving away from or
approaching different buildings.

Practical value

On the grounds of the results of the thesis it is possible to predict the
factors influencing the increase of ionising radiation in the environment.
According to the evaluations of small dose impact, any increase of radiation
causes danger to people’s health, therefore, the collected results in urbanised
and non-urbanised environment can be applied while evaluating additional
man’s exposure. According to the results of the thesis, identified correlations
and described methodology, it is possible to evaluate additional man’s exposure
in home and manufacturing premises and to predict its reduction possibilities.
The created computer model allows us to evaluate ionising radiation changes
due to people’s activities not requiring a great amount of time and finance.

The research carried out in this thesis is very useful when evaluating the
impact of radiation on a human being, when modelling mechanisms of
distribution, when predicting its caused exposure and determining the
contribution of man’s activities to the changes of gamma radiation.

Defended propositions
e The intensity of natural radiation in the environment increases most

frequently due to man’s activities.

e The equivalent dose rate caused by natural radionuclides increases
exponentially when approaching many buildings.

e There is a tight relation between the quantities of natural radionuclides
found in natural and urbanised environment whereas there is no ralation
between artificial radionuclide ('*’Cs) and natural radionuclides.

Work approval
The topic of the thesis was analysed in 19 scientific publications, 6 articles

were published in reviewed periodical scientific publications in Lithuania and 1
article was published in international conference publication of reviewed reports
and it was reviewed in a paper of MII in databases (ISI proceedings). The



results of the thesis were discussed in 4 international and 7 republic
conferences. 12 scientific publications were published in the volumes of
conference reports.

The scope of the scientific work

The scientific work consists of introduction, 4 main sections, thesis
conclusions, 163 references and the list of 19 publications. Total: 148 pages of
the text, 90 figures and 15 tables.

1. The research on the changes of ionising radiation caused by
radionuclides

Larger quantities of ionising radiation destroy cells, they also break tissues
of organism and they may cause a sudden death. Even small quantities of
ionising radiation may become reasons for various illnesses, that is why, it is
necessary to reduce amounts of the additional sources of exposure as much a
possible.

The annual exposure dose of the population of Lithuania caused by the
sources of natural origin is 2.2 mSv, most of which-roughly 1 mSv is caused by
radon and its ionising radiation of its decay products. The radiation emitted
from the objects (buildings, roads etc.) created by a human being as well as the
changes in the lithosphere also have an impact on the exposure of residents.
Since a human being spends about 70-80 % of his/her life in buildings,
therefore, it is very essential to pay much attention to the building materials
used for constructions so that they would possess fewer quantities of
radionuclides. It was noticed that the increased specific activities of natural
radionuclides are in building materials made of either raw materials, mined in
the radiological regions, or the materials of side products of phosphate or other
industries.

2. Methodology of experimental investigations

A set of experiments of the change of ionising radiation were carried out
evaluating man’s impact on the environment. Gamma spectrometry method to
identify gamma radionuclides and to measure their specific activities was used
as well as dosimetric experiments allowing us to identify equivalent dose rate
caused by natural radionuclides found in different materials were carried out.

The assembled automated equipment of radiometric measurements was
used while carrying out all the dosimetric experiments at the same time using a
global positioning system (GPS). This is a new mobile method to measure the



equivalent dose rate of the environment. This method permits to register the
dose rate and the coordinates of the measurement location continuously using
GPS. The equipment consists of scintillation radiometers SRP-88N, the
readings of which were compared to the readings of the radiometer that has a
state certificate, and SRP-68-01; global positioning system (GPS); a laptop (a
portable computer). The places that are mostly related to man’s activities such
as construction objects, roads, tunnels, quarries etc. were chosen to carry out
dosimetric measurements. The territories, which are less related to man’s
activities such as water reservoirs, forests, fields were also researched in detail.
To identify the specific activity of natural and artificial radionuclides, the
activity of the samples of bottom deposits, soil and most frequently used
building materials was measured by gamma spectrometric system
(CANBERRA) with semiconductor HPGe detector (resolution 2 keV,
efficiency — 15 %). The radionuclides were identified according to the
following energy lines: *°Ra — 186 keV, *"*Pb — 239 keV, *'*Pb — 352 keV,
*T] — 583 keV, *"Bi — 609 keV, ***Ac — 911 keV, “K — 1460 keV. The
measured activity of the sample was calculated for one mass unit (the specific
activity, Bq/kg).

To evaluate ionising radiation changes due to anthropogenic activities a
new computer model was created and applied. The model consists of three main
models: the evaluation of the radiation emitted from cosmos, soil and buildings
(roads). Having connected these separate models into one unit and having
introduced additional appropriate parameters, it can be used to evaluate the
influence of anthropogenic activities. The results of mathematical modelling
were visualised by using SURFER 32 program. The program was chosen to
maintain an equal data visualisation of modelling and experiment. The model
was calculated using a program packet Maple 9. Applying this model, it is
possible to calculate the values foreseen and to predict ionising radiation
changes due to man’s activities: due to road, house, quarter or city built. It is
also easy to evaluate what building materials should be used to construct new
houses and to predict the amount of exposure dose. While modelling the change
of equivalent dose rate moving away from building constructions, the main
parameter is a radioisotopic composition of building materials used. The
external ionising radiation emitted by buildings was also evaluated in the
model.

3. Research results and their analysis

The exposure of people by natural sources depends on natural
radionuclides found in the underground, the amounts of which differ because of



soil composition. The evaluations of the amounts of the main gamma emitters
found in the soil of Vilnius city were carried out in this thesis and their
influence on the exposure was identified. The intensity of natural radiation and
its caused exposure depends on the geological and geographic environment, that
is why, in various regions it is different.

In Vilnius city where like in all east southern Lithuania the dominating
types of soil are sand, sandy loam and clay loam. The samples of different types
of soil were taken for the research, and the specific activities of natural
radionuclides 232Th, 2Ra and *°K were measured as well as their external
equivalent dose rate estimated. A tight correlative bond between the equivalent
dose rate in the air layer close to the ground surface with the main gamma
emitters *’K and ***Ra specific activities in the soil was identified. Correlation
coefficients obtained are 0.66 and 0.70 respectively. During the research it was
identified that dose rate in the air layer close to the ground surface is mostly
influenced by *’K found in the soil. Statistically processed specific activities of
natural radionuclides in the soil are presented in Table 1.

Table 1. The specific activities of natural radionuclides in the soil of Vilnius city

Specific activity, Bq/kg

Rad}onu- Maximum Minimum Average . Mean

clide Median square

value value value o
deviation

“2Th 8.5 3.2 4.8 5.0 +1.2
“Ra 23.3 7.0 12.9 12.5 +£3.2
K 479.3 146.1 263.1 245.5 +£67.4

The external equivalent dose rate caused by natural radionuclides in the
soil was estimated because it directly depends on the specific activity of
radionuclides found in the soil. In Vilnius city the radiation of the equivalent
dose rate makes up 12 nSv/h due to “’K existent in the soil, 6 nSv/h — due to
Ra, 3 nSv/h — due to >**Th on average.

Having carried out dosimetric experiments above arable and non-arable
soil, it was identified that the ionising radiation above arable soil increases on
average 1.2 times (Fig 1). Having overviewed the results of these experiments,
it is possible to say that human being’s activities strongly influence a geological
substance and the consequences of that influence should also be evaluated in
more detail while determining how one or another economic activity, changing
geological environment, affects the whole background of natural ionising
radiation of landscape.
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Fig 1. The measurements of the equivalent dose rate (EDR) above arable and non-
arable soil (1-3 non-arable, 411 arable)

Distinct changes of gamma radiation were obtained concerning road areas.
Evaluating the influence of anthropogenic activities on the change of gamma
radiation above the ground surface, quite a few dosimetric experiments were
carried out above asphalt roads and above roadsides. The flow of car passing
by, the geographic position of the road, road construction, the type of roadside
soil and meteorological factors which may affect the change of radiation were
evaluated.

The equivalent dose rate above roads and roadsides was measured using a
cross profile, perpendicular to the road area, on both sides. In Fig 2 the
principled scheme of such measurements and the values of average equivalent
dose rate above various surfaces are presented.

EDG,
nSv'h Gravel Road Sail
140
120 T 1y
100 /r\l__“ T
o0 |l E ] T

ED
40

12 3 4 5 B 7 B 9 1M U
Distance, m

Fig 2. The measurement scheme of the equivalent dose rate in roadsides and the
values of average equivalent dose rate above different flooring surfaces and coverings
(gravel, asphalt, soil, grass)
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It was identified that the maximum values of the equivalent dose rate are
above the road (6, 7 and 8 points), the minimum values-above gravel and soil
(1-5 and 9-11). Out of all the experiments carried out, the identified relations
of the equivalent dose rate caused by natural radionuclides above the asphalt
surface and the soil close to it reach from 1.2 up to 1.5 times. The discrepancy
between the identified relations is due to different amounts of natural
radionuclides in separate areas of asphalt and different composition of the soil
of roadsides.

Trying to evaluate gamma radiation changes due to anthropogenic
activities more precisely, the specific activity of the main gamma emitters 'K,
22°Ra and **Th in the roadside soil and in asphalt samples was measured.

Sandy loams and clay loams prevail in the researched roadsides (Fig 3).
The limits of errors of the value of equivalent dose rates measured further than
4 m away from the surface of the road are the same. That means that the sources
of radiation are of the same origin.

Ra-226
Clay loam [T”H K-40 Clay loam [THi
Sandy loam [ Sandy loam T
Asphalt R Asphalt [T
0 200 400 600 800 0 20 40 60
A, Bqg/kg A, Bq/kg

Clay loam [ZRH Th-232

Sandy loam [T”HH
Asphalt [
0 10 20 30

A Bqgl/kg

Fig 3. The specific activity of the main natural radionuclides in asphalt and in the
soil

However, that could not be said about the doses above asphalt and
1-4 meters away from it. It is obviously seen that the values of dose rates
depend on the radiation of radionuclides found in the surface of asphalt.

While evaluating the influence of asphalt surfaces on the changes of
ionising radiation, dosimetric experiments were carried out in the whole
territory of the Curonian spit (Fig 4).
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Fig 4. The distribution of equivalent dose rate values in the region of the Curonian
Spit

Most of all, a natural background is changed by using building materials. It
was identified that building materials increase radiation most frequently, though
there are cases when they decrease it. It was also determined that building
materials are one of the main human being’s sources of exposure since in the
premises man is affected by external and internal exposure from radionuclides
present in building materials. Having carried out experiments, it was identified
that wood contains quite a smaller quantity of natural radionuclides than other
widely used building materials (Fig 5).

Wooden [
Silicate bricks [
Ceramic bricks [

Blocks —_'

T T T 1

0 50 100 150 200
EDR, nSv/h

Fig 5. The change of the equivalent dose rate (EDR) in different buildings

However, only in products of wood relatively small amounts of artificial
radionuclides, having accessed plants through roots and leaves, are recorded
quite often.

The values of the measured dose in wooden buildings are about 1.5 times
smaller. It was identified that the relation of the exposure inside the building
and in the air is 1.4. This value depends on the sort of building materials and on

13



the thickness of building walls very much because building materials are not
only a source of ionising radiation but also a screen preventing people from the
influence of cosmic radiation.

The maximum values of the equivalent dose rate are measured in the
buildings of blocks, ceramic bricks and silicate bricks.

It was identified that the equivalent dose rate caused by natural
radionuclides while approaching a building increases exponentially. While
analysing the results of experiments, it was determined that moving away from
a building, the intensity of ionising radiation in many cases decreases about
1.5 times. Having carried out the measurements of the equivalent dose rate
close to wooden houses, a distinct change was not noticed. The average value is
about 78 nSv/h. It is about 1.6 times less than near block buildings and about
1.3 times less than near the buildings made of silicate blocks.

According to the results of many experiments, a parallel tendency of the
equivalent dose rate change because of buildings was noticed. It was identified
that a human being building a house increases ionising radiation on average
1.5 times, sometimes even up to 2 times. The exception is wooden buildings
which alter a natural background up to 5 %. It was also noticed that various
artificial coverings and surfaces (pavements, paved with different slabs, paths,
stairs, city squares etc.) significantly change a natural radiation background.

Geological processes (gravitation, wind) and technogenic processes (soil
ploughing, crop harvesting) affect radionuclide accumulation changes in the
soil surface (scattering or concentration) causing the increase of radionuclide
concentration in some areas and the decrease in other areas. One of the
anthropogenic sources which is valued in many different ways is fertilizers
which may contain big quantities of natural radionuclide *’K. The experiments
of the specific activity of radionuclides in the most frequently used fertilizers
were carried out. The fertilizers made both in our country and abroad were
chosen for these experiments. The average specific activity of *K in the
researched fertilizers was (7 220 + 340) Bq/kg. In some of the fertilizers it
reached a few thousand becquerels for 1 kg. It is necessary to remark that only
in potassium fertilizers a bigger amount of *’K is found. In spite of the fact that
in some fertilizers the specific activity of **K reaches a few thousand Bg/kg,
only a certain amount of this radionuclide gets into food products, not regarding
the amount of it found in the soil.

The changes of the equivalent dose rate were modelled moving away from
various buildings. Houses built from different building materials such as silicate
(white) bricks, ceramic (red) bricks and blocks were chosen to model. The
emitted radiation of buildings outside it was evaluated in the model. Having
performed modelling, the values received were compared to the results of

14



experiment measurements. The results of modelling and experiment research
close to block buildings are presented in Fig 6.

a)

nSv/h

)
&

100
b) g0
Fig 6. The radiation emitted by a block house: a) while modelling, b) while carrying

out the measurements experimentally

A correlation coefficient was calculated to match function of data

distribution of experiment and computer models. According to the collected
data, it was calculated that a correlation coefficient between experimental dose
rate and computer modelling equivalent dose rate data approximates 1, i.e. 0.96.
High value of correlation coefficient shows a good correspondence between
modelling and the results of experimental research.

General conclusions and recommendations

1.

With the help of a set of experiments it was identified that natural radiation
background changes (most frequently increases) due to anthropogenic
changes of environment in many locations. It was also identified that in
many cases the intensity of ionising radiation varies from 1.3 up to
1.7 times.

The quantities of natural radionuclides in most often used building
materials were compared to the ones presented in scientific references. It
was noticed that they differ up to many times (e.g. the specific activity of
“K in sand in Lithuania is four times bigger than in Israel, in India,
Germany and Algeria the specific activity of *’K in the sand is three times
less).

The measurement method of environment equivalent dose rate was
improved by using GPS (global positioning system) as well as the
methodology of sample taking and preparation for spectrometric analysis

15



acquired. In the thesis methodologically related methods of dosimetry and
spectrometry widened the possibilities of experiment performance.

4. The specific activities of natural radionuclides in different types of soil and
in most frequently used building materials were identified by means of
spectrometry, the contribution of radioisotopes (found in them) to their
caused exposure was identified. It was identified that radiation of natural
radionuclides found in building materials is about 1.5 times more intensive
than in the soil.

5. High correlation dependence between K and *°Ra specific activities in
the soil and the equivalent dose rate above the sample taking place was
identified (respectively 0.66 and 0.69).

6. A computer model was created enabling us to evaluate gamma radiation
change due to anthropogenic effect. A tight correlation bond between
modelling and the results of experiments was identified. That shows a good
correspondence between modelling and the results of experiments,
therefore, the application of the created model allows us to widen the
research limits of ionising radiation changes due to anthropogenic
activities.

Recomendations

1. Trying to reduce doses of additional exposure, it is recommended to choose
building materials having a rate as low as possible. It is also recommended
to screen building constructions, the radiation intensity of which is
impossible to be reduced by using less active materials.

2. It is advisable to apply the created computer model for calculations while
designing buildings, especially the ones a human being will spend a lot of
time 1n.
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GAMTINES J ONIZUOJANC]OSIOS SPINDULIUOTES
ANTROPOGENINIU POKYCIU TYRIMAS IR [VERTINIMAS

Problema

Zmogus nuolat veikiamas vadinamosios foninés jonizuojanéiosios
spinduliuotés. Be naudos, kuri gaunama jonizuojanciosios spinduliuotés
Saltinius naudojant praktingje veikloje, ji spinduliuoté, gali kelti rimta grésmg
zmoniy sveikatai. Dél tkinés zmogaus veiklos (statybos, keliy tiesimo, trasy
naudojimo, kasybos, metalurgijos ir pan.) intensyvéja daugelio gamtiniy
radionuklidy apykaita. Be gamtiniy radionuklidy, { aplinka skverbiasi ir
technogeniniai radionuklidai (dél atominiy bomby bandymy, atominés
energetikos, radioaktyviyjy izotopy naudojimo ir kt.): radioaktyvusis stroncis
(*°Sr), cezis ("*'Cs), plutonis (*** **°Pu) ir kt., kurie sukelia pagrista visuomenés
nerima.

Nattiralios kilmés ilgaamziy radionuklidy jonizuojancioji spinduliuoté
iprasta Zmogui ir ji supanéiai gyvajai gamtai. Zmogaus veikla, susijusi su
spar¢iu pramongés, miesty augimu ir branduoliniy technologiju naudojimu, kai
kuriy gamtiniy radionuklidy savitojo aktyvumo lygj pakeélé iki tos ribos, kai jis
gerokai virSija nattiraly fona, ir jie tampa radioekologiniu poziliriu svarbiais
papildomos apsvitos Saltiniais. Biitina identifikuoti dél Zmogaus kaltés | aplinka
patekusius gamtinius ir antropogeninius radionuklidus, iSnagrinéti ju
pasiskirstyma — atmosferoje, hidrosferoje, litosferoje, augmenijoje ir
gyvinijoje. Taip pat, ypatingai svarbu nustatyti priezastis, lemiancias
jonizuojanciosios  spinduliuotés intensyvumo padidéjima urbanizuotose
teritorijose.

Darbo aktualumas

Pramonés vystymasis, zmogaus poreikiy didéjimas ir kt. natiiraliai keicia
aplinka. Antropogeninis gamtinés jonizuojanciosios spinduliuotés pokycio
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vertinimas yra ypac svarbus gamtosaugos aspektu. Todél biitina atlikti tyrimus,
kurie leisty nustatyti, kiek Zzmogus paveikia aplinka.

Daug mokslininky nagriné¢ja problemas, susijusias su radionuklidy
kiekiais, ju sklaida ir poveikiu aplinkai, pateikia atskirus jos sprendimo biidus,
taciau darby, konkreciai nagrinéjanciy gamtinés spinduliuotés pokyciy deél
zmogaus veiklos problema, yra labai mazai. Atsizvelgiant { tai, Siame darbe
placiau nagrinéti gamtiniy radionuklidy kiekiai bei ju migracijos désningumai
zmogy supancioje aplinkoje. Darbe nagrinéti gama spinduliuotés pokyciai dél
zmogaus veiklos. Pateikti dozimetriniy ir spektrometriniy tyrimu rezultatai.
Matavimams parinktos labiausiai su zmogaus veikla susijusios geofizinés
vietos, t. y. statybos objektai, keliai, Saligatviai, tuneliai, karjerai ir pan., bei
teritorijos, kuriose antropogeniné veikla gana menka (KurSiy nerija). Kadangi
zmogus didziaja savo gyvenimo dali praleidzia patalpose, ivertinta gama
spindulivotés kaita pastatuose bei iSmatuoti pagrindiniy gama spinduoliy
savitieji aktyvumai daZniausiai naudojamose statybinése medziagose ir
ivertintas indélis 1 ju sukeliama ap$vita. Eksperimentiniais tyrimais nustacius
gama spinduliuotés pokycius aplinkoje, galima modeliuoti ir prognozuoti gama
fono pokyc¢iy galimybes.

Darbo tikslas ir uzdaviniai

Darbo tikslas — atlikti kompleksinius gamtinés jonizuojanciosios
spinduliuotés tyrimus urbanizuotoje ir natiiralioje aplinkoje bei {vertinti jos
pokyc¢ius dél zmogaus veiklos.

Darbo uzdaviniai:

e Atlikti mokslinés literatiiros analiz¢ apie jonizuojanciosios spinduliuotés
poky¢ius del antropogeninés veiklos.

e Tobulinti ir pritaikyti jonizuojanciosios spinduliuotés parametry
registravimo metodikas, siejant jas su procesais, vykstanciais gamtinéje
aplinkoje.

e  Sukurti kompiuterini modelj, kuriuo biity galima jvertinti jonizuojanciosios
spinduliuotés intensyvumo kaita dél antropogeninés veiklos.

o Atlikti lygiavertés dozés galios pazemio ore matavimus neurbanizuotoje
aplinkoje (miskuose, pievose, vir§ vandens telkiniy) bei teritorijose,
susijusiose su zmogaus veikla (Salia jvairiy statybiniy konstrukcijy,
pastatuose, vir$ keliy ir Salikelése ir pan.).

e Nustatyti gamtinés kilmés radionuklidy savituosius aktyvumus skirtingos
granuliometrinés  sudéties dirvoZemyje bei dazniausiai Lietuvoje
naudojamose statybinése medziagose.

e [vertinti gamtinés kilmés radionuklidy, esanéiy dirvozemyje bei statybinése
medziagose, indélj ju sukeliamai apsvitos dozei.
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e Atlikus kompleksinius tyrimus, jvertinti zmogaus veiklos indéli gama
spinduliuotés pokyciams.

Darbo naujumas
Dozimetriniais, radiometriniais tyrimais bei modelivojant apsvitos dozés

susidaryma pazemio ore, kompleksiniais tyrimais urbanizuotoje ir

neurbanizuotoje aplinkoje nustatyta, kad zmogus statydamas namus, kasdamas

karjerus, tiesdamas kelius ir pan., keicia gamtinés kilmés jonizuojanciosios

spinduliuotés intensyvuma, keisdamas gamtinés kilmés radionuklidy

pasiskirstyma. Tai nustatant buvo:

e [vertinti gamtinés kilmés radionuklidy sukeltos jonizuojanciosios
spinduliuotés poky¢iai dél antropogeninés veiklos.

e Patobulinta dozimetriniy tyrimy metodika, naudojant globalinio
pozicionavimo sistema (GPS).

e  Sukurtas kompiuterinis modelis, kuriuo galima jvertinti jonizuojanciosios
spinduliuotés kaita, tolstant arba artéjant nuo jvairiy statiniy.

Praktiné disertacijos reikSmé

Remiantis darbo rezultatais galima numatyti veiksnius, lemiancius
jonizuojanciosios spinduliuotés padidéjima zmogaus aplinkoje. Pagal mazy
doziy poveikio vertinimus, bet koks spinduliuotés padidéjimas sukelia grésme
zmoniy sveikatai, todél Sio darbo rezultatai, gauti urbanizuotoje ir
neurbanizuotoje aplinkoje, gali biiti pritaikyti vertinant papildoma zmogaus
apsvita. Pagal darbo rezultatus, nustatytas priklausomybes bei darbe apraSytas
metodikas galima jvertinti papildoma Zmogaus apsvita buitinése ir gamybinése
patalpose bei numatyti jos mazinimo galimybes. Sukurtasis kompiuterinis
modelis leidzia ivertinti jonizuojanciosios spinduliuotés pokycius dél zmogaus
veiklos, nereikalaudamas dideliy laiko ir finansiniy sanaudy. Siame darbe atlikti
tyrimai yra naudingi, vertinant spinduliuotés poveiki Zzmogui, modeliuojant
sklaidos mechanizmus, prognozuojant jos sukelta apsvitg ir nustatant zmogaus
veiklos indé¢lj gama spinduliuotés pokyciams.

Ginamieji disertacijos teiginiai

e D¢l zmogaus veiklos aplinkoje dazniausiai padidéja jonizuojanciosios
spinduliuotés intensyvumas.

e Gamtiniy radionuklidy sukelta lygiavertés dozés galia, artéjant prie
daugelio pastaty, didéja eksponentiskai.

e Tarp gamtinés kilmés radionuklidy kiekiy natiiralioje ir urbanizuotoje
aplinkoje yra glaudus rysys, o tarp dirbtinés kilmés radionuklido "*’Cs ir
gamtiniy radionuklidy rysio néra.

22



Darbo aprobavimas

Disertacijos tema paskelbta 19 moksliniy publikacijy, i§ ju 6 straipsniai
recenzuojamuose periodiniuose mokslo leidiniuose Lietuvoje bei 1 straipsnis
tarptautiniy konferencijy recenzuoty pranesimy leidinyje, referuotame MII
duomeny bazése (ISI Proceedings). Disertacijos rezultatai aptarti keturiose
tarptautinése ir septyniose respublikinése konferencijose. ISspausdinta 12
moksliniy publikacijy konferencijy pranesimy rinkiniuose.

Apimtis ir struktiira

Disertacija sudaro jvadas, 4 pagrindiniai skyriai, darbo iSvados, 163
literatiiros Saltiniy ir 19 publikacijy disertacijos tema saraSai. IS viso: 148
puslapiai teksto, 90 paveiksly ir 15 lenteliy.

Bendrosios iSvados ir rekomendacijos

1. Kompleksiniais tyrimais nustatyta, kad antropogeniskai veikiant aplinka,
kinta gamtinis radiacinis fonas (dazniausiai padidéja). Nustatyta, kad
daugeliu atvejuy jonizuojanciosios spinduliuotés intensyvumas kinta nuo
1,3 iki 1,7 kartu.

2. Mokslinés literatiiros analizé parodé, kad bitina nagrinéti papildomos
zmoniy apSvitos priezastis, atlikti monitoringa zmogaus sukurtuose
objektuose bei numatyti priemones, mazinanc¢ias apsvita.

3. Darbe iSmatuotieji gamtiniy radionuklidy kiekiai dazniausiai naudojamose
statybinése medziagose palyginti su mokslinéje literatiiroje pateiktaisiais.
Pastebéta, kad jie dazniausiai skiriasi iki keleto karty (pavyzdziui,
Lietuvoje naudojamo smélio “’K savitasis aktyvumas yra 4 kartus didesnis
nei Izraelyje, o Indijoje, Vokietijoje ir Alzyre “’K savitojo aktyvumo vertés
3 kartus maZesnés nei Lietuvoje). Si analizé naudinga nustatant kokia
statybing medziaga verta importuoti.

4. Patobulintas aplinkos lygiavertés dozés galios matavimo metodas. Jis
leidzia matavimo trasoje nenutriikstamai registruoti dozés galia ir
matavimo vietos koordinates, naudojant GPS (globaling pozicionavimo
sistema), bei isisavinta bandiniy paémimo ir paruoSimo spektrometrinei
analizei metodika. Darbe metodiskai susieti dozimetrijos ir spektrometrijos
metodai praplété eksperimenty atlikimo galimybes.

5. Spektrometriskai nustatyti gamtiniy radionuklidy savitieji aktyvumai
skirtingos  granuliometrinés sudéties dirvozemyje bei daZniausiai
naudojamose statybinése medziagose, ivertintas jose esanciy radioizotopu
indelis ju formuojamai apSvitai. Nustatyta, kad statybiniy medziagy
spinduliuoté yra apie 1,5 karto intensyvesné nei dirvoZemio.
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Sukurtas kompiuterinis modelis, leidziantis ivertinti gama spinduliuotés
kaita dél antropogeninio poveikio. Gautas glaudus rySys tarp modeliavimo
ir eksperimentiniy rezultaty rodo gera modeliavimo ir eksperimento
rezultaty atitikima. Sukurtas modelis sudaro salygas iSplésti spinduliuotés
poky¢iy dél antropogeninés veiklos tyrimy ribas.

Rekomendacijos

1.

Siekiant mazinti papildomos aps$vitos dozes, rekomenduojama rinktis
statybines medziagas, turinfias kuo mazesnius gamtiniy radionuklidy
kiekius. Statybines konstrukcijas, kuriu spinduliuotés intensyvumo
nejmanoma sumazinti, naudojant maziau aktyvias medziagas,
rekomenduojama ekranuoti.

Sukurta kompiuterini modeli rekomenduojama taikyti skai¢iavimams
projektuojant statinius, ypac tuos, kuriuose zmogus praleis daug laiko.
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