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General characteristics of the thesis

Definition of the problem

Natural sources of radiation are the most important for exposure of
humans. The principle of optimization of radiation protection requires that
doses and numbers of exposed persons are as low as reasonably achievable.
Identification of exposure sources and pathways is a part of optimization.
UNSCEAR collects data on sources of exposure already for many years. One of
the tasks of it is definition of measures of decrease of exposure. Variety of
these measures is increasing. One of them — determination of relationships of
exposure sources. Analysis of these relationships is an important part of
investigations of impact of radiation and identification of optimized measures
of radiation protection. The importance of this part depends on exposure source
under investigation. Natural exposure as an important source is investigated
recently more and more. Radionuclides in construction materials are one part of
this kind of exposure.

Topicality of the problem

Radionuclides in construction materials are one of the most important
sources of human exposure. They are ***Ra and ***Th and their daughters and
“K. Though cases when artificial radionuclides are in construction materials
were recorded the natural radionuclides are the most important taking into
account magnitude of exposure. Their concentrations in construction materials
might be very different. They depend on concentrations in raw materials and
production technology. Importance of this problem is increasing recently
because the new raw materials are used for production of construction
materials. Very often it is industrial by-products. Rather high concentrations of
natural radionuclides might be in these raw materials. It shows an importance
of control of concentrations of radionuclides in construction materials.
However, there are many different construction materials and their variety is
increasing. For this reason it is important to have reliable and simple techniques
of identification of construction materials which might cause higher exposure.

Exposure depends not only on concentrations of radionuclides in
construction materials but also on amounts of these construction materials in
buildings and their distances from exposed people. So, calculation of doses due
to radionuclides in construction material is important. This importance
increases when it is necessary to determine if use of construction materials with
rather large concentrations (but lower than the ones preventing from use) of
radionuclides is optimized.




Problem of radon exhaled from construction materials is also important.
Though soil is the most important source of indoor radon in many cases,
sometimes the large part of radon might be released from construction
materials.

Having assessed exposure due to radionuclides in construction materials
and evaluated regularities of variation of this exposure it is possible to create
basis of the system of optimization of protection from this kind of exposure,
i.e., to find out the measures in order to have this exposure on the optimum
level. The fact that exposure due to radionuclides in construction materials
affects all the people is also important. Public interest in this problem increases.
Everybody has the right to know about environment. Fast and reliable ways of
assessment of exposure from radionuclides in construction materials might help
to solve the problem of public information on radiation and radiation
protection.

Aims of the work

1. To perform measurements and assessment of concentrations of
radionuclides in common construction materials.

2. To assess doses due to radionuclides in construction materials in premises
of different designs.

Tasks of the work

1. To determine principles of classification of construction materials
according to magnitude of exposure and identify construction materials
whose radionuclides might cause the highest exposure.

2. To perform measurements of concentrations of radionuclides in samples of
construction materials and determine typical concentrations in
construction materials produced and used in Lithuania.

3. To evaluate construction materials as a source of radon indoors by
assessment of doses of external exposure due to radon daughters.

4. To calculate and model doses of external exposure due to radionuclides in
construction materials.

5. To recommend measures for optimization of protection from exposure due
to radionuclides in construction materials.

Scientific novelty

Measurements of concentrations of radionuclides only in some separate
construction materials have been performed until now. The whole complex of
construction materials is investigated in this work. Concentrations of
radionuclides in common construction materials were measured and
peculiarities of exposure in premises made of different construction materials
evaluated. Construction materials were classified from the point of view of




exposure. Influence of radon on absorbed dose rate was assessed.
Concentrations of radionuclides in archeological samples were investigated.

Results of integrated investigations, evaluation and calculation of exposure
due to radionuclides in construction materials are presented.

Practical value

The most important sources of exposure are natural, however, more
attention is still paid to artificial sources. It affects the principle of optimization
of radiation protection because there are still possibilities to decrease natural
exposure. Exposure due to radionuclides in construction materials might and
should be controlled. This work helps to attract attention to this problem and
move towards balance between attention paid to artificial and natural sources
though the border between these two types of sources is not always clear.

Aspects of calculations of activity index are analysed in this work. Results
of this analysis and calculations of doses are used for creation of optimized and
flexible scheme of evaluation of construction materials from the point of view
of radiation protection.

Data given in this work might help to evaluate doses due to radionuclides
in construction materials and increase accuracy of dosimetric control of persons
in different premises.

Defended propositions

1. Construction materials might be classified from the point of view of doses
due to radionuclides in these materials.

2. Absorbed dose rate indoors is related with concentrations of radionuclides
in construction materials.

3. There is a statistically significant difference between absorbed dose rate in
premises constructed of brick, concrete and wood, besides in ones in
multifamily and detached houses.

Short content of thesis

1. Artificial and natural radionuclides in construction materials and
exposure caused by them

Construction material is a natural source of exposure though sometimes
determination of artificial and natural sources might be problematic because
natural radionuclides might be concentrated by human activity. There are other
natural sources, such a cosmic radiation, cosmogenic radionuclides, indoor and
outdoor radon, natural radionuclides in soil, “°K in food and radon in drinking
water. Construction materials are not only a source of exposure, but they also
provide shielding from radiation coming from outside. Shielding depends on
density of construction material.



The main natural radionuclides in construction materials are ***Ra and
*2Th and their daughters and *’K. Variety of data collected in many countries
and regions show that their concentrations in different constructions materials
are very different. Due to different raw materials or different production
technologies these concentrations might be different even in construction
materials of the same type. Such raw materials as phosphate slag,
phosphogypsum, granite, alum shale, clay, fly ash might be a reason of elevated
concentrations of radionuclides in construction materials. Information about it
helps to identify construction materials problematic from the point of view of
radiation protection.

Construction materials are also a source of radon, usually of ’Rn whose
problem is dealt with in this work. Though in many cases soil is the main
source of indoor radon, in some cases, particularly in premises high above the
ground the exhalation of radon from construction materials is more important.
Exhalation of radon from construction materials depends on concentrations of
22Ra in construction materials, characteristics of construction materials, their
coating. Data on exhalation rate from different materials are available.

There are data on contamination of construction materials with artificial
radionuclides. Though such cases are not common they should be taken into
account as probable. Facts about elevated concentrations of natural
radionuclides due to raw materials coming from NORM industries have been
also recorded.

Industrial by-products are more and more frequently used for production of
construction materials. Radiation protection problems might arise even if
crushed rocks are used for production of construction materials — there are
cases when radionuclides were concentrated in fractions of crushed material of
some size. Such by-products as tailings of granite and sinter, alum shale, fly
ash, coal ash, by-products of processing of monazite, ilmenite and xenotime
sands, iron slag, red clay and others are or were used for production of
construction materials. Elevated concentrations of natural radionuclides are in
many of them.

Concentrations of radionuclides in construction materials are measured by
different techniques and gamma spectrometry is the most common.

Exposure due to radionuclides in construction materials is widely assessed
and many data show variety of its magnitude (0.3 to 3 mSv of annual effective
dose). The world weighted average dose rate indoors is 84 nGy-h™. It is very
important to identify construction materials which might cause the exposure
higher than average.

It is done with the aim of optimization of this exposure. However, process
of optimization as it regards exposure from radionuclides in construction



materials is rather complicated. Different approaches are used in different
countries and all the three natural radionuclides are always taken into account.
It is done using radium equivalent or activity index.

The basis for decision making is doses which might be caused by use of
construction materials. For this reason the ways used for dose calculation are
very important. Different software and models are used for this, and their
results are often compared.

The last step of the whole system of protection from exposure due to
radionuclides in construction materials is identification of protective measures.
Though the variety of these measures is not very large there such measures as
decrease of exhalation of radon from construction materials, replacement of
construction materials with the ones with lower concentrations of
radionuclides.

2. Experimental techniques, equipment and accessories

Measurements of concentrations of radionuclides were performed by
gamma spectrometry. Different reproducible geometries of samples were used
in measurements. Samples of the same type and from the same batch were
taken for investigation of statistics of measurements.

Classification of construction materials was done taking into account
results of measurements of concentrations of radionuclides in different types of
construction materials. Such parameters important for exposure as
concentrations of natural radionuclides in construction material, amount of this
type of construction materials used in buildings and distance of materials from
people were also taken into account.

Concentrations of indoor radon were recorded by E-PERM™ electrets and
Alpha Guard ionization chambers. Dose rate indoors was measured by dose
rate meters. Due attention was paid to quality assurance of measurements.

Calculations of dose rate due to natural radionuclides in construction
materials were performed by Visiplan 3D ALARA planning tool which allows
to describe sources of any geometry and with any radionuclide composition and
to perform calculations of dose rate distribution around these sources.

3. Results and discussion

3.1. Results of gamma spectrometric measurements and classification of
construction materials from radiological point of view

The large part of work was radiological investigations of construction
materials — measurements of concentrations of gamma emitters. 2Ra, #2Th,
members of their decay chains and K were detected. In some samples the
artificial "*’Cs was found. Concentrations of daughters of ***Rn were lower than
concentrations of “*°Ra because a part of “*Rn gets out of construction



materials. These facts were taken into account when calculations of doses due
to radionuclides in construction materials were performed.

771 sample of construction materials produced and/or used in Lithuania
was investigated. The results of measurements are given for different types of
construction materials, e.g., stone and its products, concrete, dolomite, gypsum,
etc.

Concentrations of “*Ra and *’Th in wood are below detection limits
(accordingly, 1.5 ir 1.2 Bq-kg™). *’Cs is found in some samples of wood,
however, concentrations are low — the average is (1.340.3) Bqkg' (95 %
confidence). *’Cs in wood is because of contamination of environment with it.
The dose caused by this radionuclide is small. Dose rate in the standard flat
made of wood with 4.0 Bqkg' of "“'Cs is 2.4nGyh' (1.4nGyh' to
3.3 nGyh™). Calculated by Visiplan-3D.

¥7Cs was detected in 15 samples of portlandcement (out of 141 sample)
collected in Belarus in 2000-2005. Concentrations of *’Cs in these samples
were 0.16 to 40.0 Bqkg', the average — (7.7+6.4) Bqkg' "'Cs in
portlandcement might be because of presence of this radionuclide is in raw
materials. Some part of this radionuclide might get into cement during its
production.

Expanded clay, ceramic bricks, aluminatic cement, cinder, fire resistant
concrete with cinder, granite have the highest concentrations of natural
radionuclides (activity index higher than 1). It might be explained by raw
materials and technology of production. However, not all the samples of, e.g.,
cinder or portlandcement have high concentrations.

Most problems with prognosis of possible concentrations of construction
materials arise when activity index is below 1, but close to it. Such construction
materials are as follows: bricks of stone mass, different ceramic bricks and
slabs, some kinds of expanded clay, its gravel.

The lowest concentrations are in wood, cardboard, chalk, filler, marble,
peat, quartz sand. This sand might be used for construction of premises where
low dose rate is needed. Distribution of construction materials according to
activity indexes is given in Fig 1. There is some small part of construction
materials (1.5 %) with activity indexes higher than 1.3. The large part (79 %) of
samples has activity indexes below 0.6. The distribution gives an information
about the border between low and high activity indexes which is necessary in
classification of construction materials from radiological point of view. It is at
0.15-0.20. A rather low border should be selected because of principle of
conservatism of radiation protection. Statistical origin of results also has to be
taken into account.
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Fig 1. Distribution of construction materials according to activity indexes

Possible dose due to radionuclides in construction materials has to be taken
into account in classification of construction materials from radiological point
of view. Criteria used for classification were given in chapter 2.

It is possible to classify construction materials according to the second
criterion — amount used, and the third one — distance from inhabitants.

One the basis of classification the priorities of evaluation of construction
materials are determined (Table 1).

Table 1. Priorities of radiological evaluation of construction materials
Priority | Construction materials Possible percentage
of samples, %

High Cement, concrete, reinforced concrete, mineral
aggregate, bricks, slabs, stone, granite and gravel 75
rubble, asphalt

Medium | Hardener of concrete surface, cement glue,

concrete sides for streets, rims, elements used in 7
environmental trimming

Low Wood, gypsum, plaster, daub, gypsum board,
glass, lime, covers, dolomite, isolation materials 18
for tubing

3.2. Statistical analysis of results of gamma spectrometric investigations of
construction materials

Concentrations of radionuclides are usually determined in one sample of
construction materials and conclusions on suitability from the point of view of
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radiation protection of the whole batch of construction materials are made using
results of these measurements. However, there is always a possibility that
concentrations of radionuclides in this batch might be higher than investigation
levels, e.g., they might cause activity index higher than 1. This problem might
be particularly important in cases when the activity indexes of investigated
samples are close to 1.

Results of investigations of samples from the same batch, subsamples of
the same sample and repeated investigations of the same subsample are
discussed in this chapter.

Results of investigations of samples taken in the same gravel quarry 1-2
meters from each other are given in Fig 2.

359
30
25 1
20
15 A
10 A

Number of samples

0.23-0.25
0.25-0.27
0.27-0.29
0.31-0.33
0.33-0.35
0.35-0.37
0.37-0.39
0.41-0.43

0.29-0.31
0.39-0.41

Activity index
Fig 2. Distribution of activity indexes of samples of gravel taken in Senieji Trakai
quarry
Results given in Fig 2 might be compared with the results received by
investigation of the same batch of construction materials (final production). In
all the cases distributions with some ranges are observed. Different shapes of
distributions are received.
Similar distributions have been received for different subsamples of the
same sample and for a number of measurements of the same subsample.
The received data were used for assessment of probability that activity
indexes of construction materials exceed 1 (Table 2).
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Table 2. Probabilities that activity indexes of construction materials exceed 1

Activity If one sample of the | If one subsample of One investigation
index batch investigated — | the same sample is of subsample is
received probability that investigated — done — probability
during activity index of any | probability that that activity index
measurements | sample in the batch activity index of any | of the same
of one sample | is higher than 1 subsample of the subsample in the
(subsample) same sample is batch is higher
higher than 1 than 1

0.5 0 0 0

0.6 8.8:10° 0 0

0.7 1.3-10° 2.0-10° 0

0.8 0.017 2.8-107 0

0.9 0.17 0.062 1.4-10°

0.95 0.33 0.23 4.2-10°

3.3. Natural radionuclides in samples of archeological construction
materials

Investigations have been performed with the aim of determination of
concentrations of radionuclides in samples taken by the Institute of Lithuanian
History, Department of Urban Investigations in different historical buildings.

Concentrations of radionuclides in archeological construction materials
might be an indicator which shows what raw materials and production
technologies were used for production. However, it is problematic to find out a
direct connection between concentrations of radionuclides in construction
materials and the above mentioned characteristics.

3.4. Relationship of absorbed dose rate indoors and concentrations of
radionuclides in construction materials

Data received during measurements of dose rate indoors of buildings (in
4719 rooms) made of different construction materials are analyzed in this
chapter. Construction materials were divided into the following categories:
brick, concrete, wood and wood with external layer of brick (further — various).

A t-test indicates that there are statistically significant differences between
mean values of absorbed dose rates in houses made of different construction
materials between almost all the combinations of materials (p<0.01). No
statistically significant difference has been detected only between mean values
of dose rate in houses made various construction materials.

Dose rate indoors depends not only on concentrations of radionuclides in
construction materials. Geometry (i.e., amount of construction materials and
size of rooms) is also an important factor. However, these parameters have not
been recorded during measurements. They are difficult to describe because
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houses, particularly the detached ones, are different from the point of view of
construction peculiarities.

A t-test indicates that there are statistically significant difference between
mean values of absorbed dose rates in apartment and detached houses made of
bricks (p<0.01). These differences should be due to different types of bricks
used for construction.

Relationship between activity indexes of different construction materials
and dose rates in premises constructed of these construction materials is given
in Fig 3.

Linear approximation of the graph in Fig 3 gave the following relationship
between absorbed dose rate D and activity index I:

D=44-1+105. @)

If the dose rate due to cosmic exposure is subtracted and differences
between detached and multifamily houses are taken into account the
approximated relationship between absorbed dose rate and activity index is as
follows:

D=68-1+78. ()
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bricks, detached

g, 130 -
=]
g
5]
2 120 4
]
]
el
(]
k=]
% 110 A gncrete, detached
< L

100 T T T T T T 1

0 0.1 0.2 03 0.4 0.5 0.6 0.7

Activity index

Fig 3. Relationship between activity indexes of different construction materials and dose
rates. 95 % confidence intervals are given in the graph. Confidence intervals for the
approximation line are given by dotted lines

The relationship given in Fig 3 might be used for direct determination of
background level which is to be subtracted from readings of personal
dosimeters recorded in houses made of the appropriate construction materials.
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It would help to increase precision of personal dosimetry and enhance its
reliability from the point of view of its users.

3.5. Absorbed dose rate indoors and indoor radon concentrations

Absorbed dose rate indoors by some degree is affected by radon daughters
and this relationship is analyzed in this chapter.

Results of measurements indoor radon concentrations on different floors of
multifamily houses are presented in Fig 4.
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Fig 4. Averages of indoor radon concentrations on different floors (with 95 % of
confidence). Linear approximation is shown

The proposition is made that contribution of other sources than soil is
(10-15) Bg'm™ of indoor radon. Construction materials should be the most
important among these other sources.

Linear approximation of relationship between absorbed dose rate and
indoor radon concentrations shows that dose rate decreases with increase of
indoor radon concentrations the polynomial approximation was also done. Dose
rate caused by cosmic radiation on different floors was subtracted.

This relationship might be due to impact of other factors on dose rate
indoors and small influence of radon daughters on dose rate when
concentrations of these daughters are low.

Analysis of results received from continuous measurements in the same
premises indicate that there is the direct relationship between absorbed dose
rate and indoor radon concentrations.

Different slopes of approximation line were received in different premises.
It might be related with geometry of source — dimensions of premises,
distributions and concentrations of aerosols with radon daughters indoors.
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It is evident that the relationship between absorbed dose rate and indoor
radon concentrations is not simple and not always a direct correlation is
observed.

3.6. Modelling of exposure due to radionuclides in construction materials

Calculations of doses due to radionuclides in construction materials were
done by Visiplan-3D ALARA planning tool. Typical concentrations of
radionuclides in concrete were used. The fact that a part of radon is exhaled
from construction materials and concentrations of its daughters in construction
materials are lower was taken into account. The typical most common living
flat of two rooms and kitchen was used for modelling. The scheme of the flat is
given Fig 5.

Distributions of dose rate on other planes were also received. One of such
distributions is given in Fig 6.

T4

Fig 5. Scheme of model premises Fig 6. Distribution of dose rate
(nGy-h™) on the horizontal
plane at a height of 1.25 m
above the floor

Distributions show that the largest variations of dose rate are at 1 m and
closer to construction materials — walls, floor and ceiling.

Relationships between dose rate and density of construction materials,
thickness of floor, impact of different radionuclides and different construction
elements, influence of internal walls and plaster on the walls were also
analysed. Dose coefficients for construction materials of different densities
were assessed.

Results of this model were compared with results received in other models.
Comparison shows that these results are rather similar. The largest differences
are received for “°Ra. Its reason might be the fact that lower concentrations of
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radon daughters were used in this model and it is more realistic because part of
radon is exhaled from construction materials.

Flexibility of Visiplan-3D and its applicability for assessment of doses due

to construction materials was illustrated by calculations of possible doses due to
radionuclides in ceramic sink.

It is evident that calculations of doses due to radionuclides in construction

materials is an effective tool of evaluation of construction materials from the
point of view of radiation protection and its optimization.

Conclusions

1.

Taking into account factors, which are important for exposure due to
radionuclides in construction materials, construction materials produced
and used in Lithuania were classified into 8 classes according to 3 criteria:
concentrations of radionuclides, amounts used and places where they are
used.

It is determined that concentrations of radionuclides in construction
materials produced and used in Lithuania are in wide range: **Ra —
0.6 Bq'kg" to 1030 Bq'kg", **Th — 0.2 Bqkg" to 426 Bgkg', “K —
1.1 Bq'kg™” to 4690 Bqkg™.

It is determined that activity indexes of construction materials produced
and used in Lithuania most commonly are in the range of 0.25-0.55, but in
some cases it might be as high as 3.78.

It is found what in case the concentration of *’Cs is the highest recorded
in construction materials produced and used in Lithuania, the dose due to
this radionuclide is appr. 0.8% of the total dose due to radionuclides in
construction materials.

It is determined that absorbed dose rate indoors depends on concentrations
of radionuclides in construction materials. In case the activity index is
equal to 1, annual effective dose due to such construction materials would
be (0.3-0.6) mSv.

Concentrations of indoor radon, their variations and impact on absorbed
dose rate indoors were determined.

By modelling the distribution of absorbed dose rate indoors the impact of
parameters of premises was evaluated.

Recommendations

1.

Classification of construction materials from radiological point of view is
not enough for assessment of possible exposure due to radionuclides in
construction materials — measurements of these concentrations are also
needed.
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Dose rate measurements indoors should be performed not closer than 1 m
from walls, floor and ceiling.

Assessment of construction materials from the point of view of radiation
protection when not only activity index but, if necessary, dose calculations
are used, is an effective tool of optimization of radiation protection which
helps to apply the system of radiation protection requirements more
flexibly.

Doses due to radionuclides in construction materials might be decreased
by control of concentrations of radionuclides in these materials. One of
possible ways is replacement of construction materials with the ones with
lower concentrations of radionuclides.

Doses due to radon released from construction materials might be
decreased by improving ventilation and covering internal surfaces (most
often, walls) with radon proof coating.
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RADIONUKLIDU SAVITOJO AKTYVUMO STATYBINESE
MEDZIAGOSE LIETUVOJE MATAVIMAS, JU SUKELTOS APSVITOS
MODELIAVIMAS IR [VERTINIMAS

Temos aktualumas

Vienas svarbiausiy Zmogaus apsvitos $altiniy yra radionuklidai statybinése
medziagose. Tai yra gamtinés kilmés radionuklidai — *°Ra, ***Th ir jy skilimo
produktai bei K. Nors yra uZregistruota atveju, kai i statybines medziagas
patenka ir dirbtinés kilmés radionuklidai (pavyzdZziui, netycia iSlydzius { metalo
lauza patekusi jonizuojanciosios spinduliuotés Saltini ir i§ gauto metalo
pagaminus gelzbetonio konstrukcijas), didziausia itaka apSvitai turi gamtiniai
radionuklidai.

Gamtinés kilmés radionuklidy savitieji aktyvumai statybinése medziagose
gali buati jvairis. Jie priklauso nuo S$iy radionuklidy aktyvumy statybiniy
medziagy zaliavose ir gamybos technologijos. Paskutiniuoju metu Sios
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problemos aktualumas émé didéti, nes statybiniy medziagy gamybai, siekiant,
kad jos jgauty tam tikry savybiy, imama naudoti naujos Zzaliavos, neretai
pramonés atliekos. Siose Zaliavose gali biiti, palyginti, dideli gamtinés kilmés
radionuklidy savitieji aktyvumai. Kartais i statybines medziagas dideli gamtinés
kilmés radionuklidy kiekiai patenka statybiniy medziagy gamybai naudojant
medziagas, atsiradusias pramonéje, kurioje naudojamos arba perdirbamos
gamtinés kilmés radioaktyviosios medziagos. Todél yra svarbu kontroliuoti
radionuklidy savituosius aktyvumus statybinése medziagose. Taciau statybiniy
medziagy asortimentas yra didelis, ir jis nuolat pleciasi, todél labai svarbu kuo
paprastesniais biidais identifikuoti statybines medziagas, kuriose radionuklidy
jonizuojancioji spinduliuoté gali sukelti didele zmoniy apS$vita. ApSvita
priklauso ir nuo Siy medziagy kiekiuy pastatuose, ju iSdéstymo Zmogaus
atzvilgiu. Todél didele reikSmg turi apsvitos nuo statybiniy medziaguy doziy
skai¢iavimas. Sis aspektas ypatinga reik§me igyja tada, kai bitina jvertinti ar
radiacinés saugos pozilriu optimalu naudoti statybines medziagas, kuriose
aptikti, palyginti, dideli radionuklidy savitieji aktyvumai, taCiau Sie aktyvumai
dar néra tokie, kokie leisty daryti vienareik§mg iSvada apie statybiniy medziagy
tinkamuma ar netinkamuma jas naudoti.

[vertinus apSvita nuo statybinése medZiagose esanciy radionuklidy
jonizuojanciosios spinduliuotés bei Sios ap$vitos kitimo ir formavimosi
désningumus, galima sukurti apsaugos nuo §ios ap§vitos optimizavimo sistemos
pagrindus, ty. numatyti priemones, kuriy biitina imtis, kad apsvita nuo
statybinése medziagose esanc¢iy radionuklidy jonizuojanciosios spinduliuotés
biity optimaliai maza.

Darbo tikslai

1. ISmatuoti ir jvertinti radionuklidy savituosius aktyvumus tipinése
statybinése medziagose.

2. Nustatyti radionuklidy, esanciy statybinése medziagose, jonizuojan¢iosios
spinduliuotés sukeltas apsvitos dozes ivairiy konstrukciju patalpose.

Darbo uZdaviniai

1. Nustatyti statybiniy medziagy klasifikavimo pagal apSvita principus ir
identifikuoti  statybines medziagas, kuriose esanciy radionuklidy
jonizuojancioji spinduliuoté gali sukelti didziausia apsvita.

2. ISmatuoti radionuklidy savituosius aktyvumas parinktose statybinése
medziagose ir nustatyti tipinius radionuklidy savituosius aktyvumus
Lietuvoje gaminamose ir naudojamose statybinése medziagose.

3. Ivertinti statybines medziagas kaip radono patalpose Saltinj, nustatant
iSorinés apsvitos dél radono skilimo produkty jonizuojanciosios
spinduliuotés dozes patalpose.
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4.  Apskaiciuoti ir sumodeliuoti iSorinés ap§vitos nuo statybinése medziagose
esanciy radionuklidy jonizuojanciosios spinduliuotés dozes.

5. Rekomenduoti priemones zmoniy apsvitai patalpose nuo statybinése
medziagose esan¢iy radionuklidy jonizuojanciosios  spinduliuotés
optimizuoti.

Darbo mokslinis naujumas
Iki $iol Lietuvoje radionuklidy savitieji aktyvumai buvo nustatomi tiktai

atskirose statybinése medziagose. Siame darbe i¥naginétos ne jy visuma,
nustatant radionuklidy savituosius aktyvumus miisy Salyse gaminamose ir
naudojamose tipinése statybinése medziagose bei jvertinant ap§vitos ypatumus
i§ ivairiy statybiniy medZiagu pastatytuose namuose. Pirma karta statybinés
medziagos suklasifikuotos apsvitos, kuria gali lemti jose esanciy radionuklidy
jonizuojancioji spinduliuoté, pozitriu. Nustatyta radono itaka sugertosios dozés
galiai patalpose. IStirti radionuklidy savitieji aktyvumai archeologiniy
statybiniy medziagy bandiniuose. Darbe pateikiami kompleksiniy radionuklidy
savityjy aktyvumy tipinése statybinése medziagose ir i§ ty statybiniy medziagy
pastatyty namy patalpose apsvitos tyrimo, vertinimo, mazinimo ir modeliavimo
rezultatai.

Praktiné darbo reik§mé

Pagrindinis zmogaus apsvitos Saltinis yra gamtiné spinduliuoté. Taciau
Siuvo metu didesnis démesys yra skiriamas apsaugai nuo zmogaus sukurty
Saltiniy, ypac¢ atominés energetikos ir radioaktyviyju atlieky. Tuo pazeidziamas
radiacinés saugos optimizavimo principas, kadangi rezervy mazinti gamting
apsvita dar yra labai daug. Statybinése medziagose esanciy radionuklidy
jonizuojanciosios spinduliuotés sukelta apSvita irgi gali ir turi buti
kontroliuojama. Siuo darbu atkreipiamas démesys { minéta problema.

Pazymétina, kad ne visada yra aiski riba tarp gamtinés ir dirbtinés kilmés
apSvity. Statybinése medziagose esanciy radionuklidy jonizuojanciosios
spinduliuotés sukelta apSvita gali buti laikoma ir dirbtine, nes radionuklidy
kiekis jose priklauso nuo zmogaus veiklos — technologiniy procesy, zaliavy,
gamtinés kilmés radionuklidai statybinése medziagose yra koncentruojami.

Darbe isanalizuoti statybiniy medziagy radionuklidy aktyvumo rodiklio,
naudojamo jvertinti statybiniy medziagy tinkamumui radiacinés saugos
poziliriu, nustatymo aspektai. Sios analizés ir atlikto ap3vitos doziy
modeliavimo rezultatai panaudoti kuriant optimizuota ir lanksCia statybiniy
medziagy ivertinimo radiacinés saugos pozitriu schema.

Darbe pateikiami duomenys gali padéti jvertinti apSvitos nuo jvairiose
statybinése medziagose esanciy radionuklidy jonizuojanciosios spinduliuotés
dozes, o tai padidinty zmoniy, dirbanéiy patalpose, pastatytose i§ ivairiy
medziagy, matuojamy doziy tiksluma.
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Ginamieji teiginiai

1. Statybinés medziagos gali buti klasifikuojamos pagal radionuklidy,
esanciy jose, jonizuojanciosios spinduliuotés sukeltas apSvitos dozes.

2.  Sugertosios dozés galia patalpose siejasi su radionuklidy, esanciy
statybinése medziagose, savitaisiais aktyvumais.

3. Egzistuoja statistiSkai patikimas skirtumas tarp sugertosios dozés galios
ore pastatuose, pastatytuose i§ plyty, betono bei medzio, o taip pat
daugiabuciuose ir individualiuose namuose.

Darbo apimtis ir struktiira

1 skyriuje iSdéstyta gamtinés ir dirbtinés kilmés radionuklidy statybinése
medziagose sukeliamos gyventojy apsvitos patalpose tyrimy apzvalga, aptartas
apsvitos modeliavimas ir mazinimas. 2 skyriuje aprasyti gama spektrometriniy
tyrimy, radono tiirinio aktyvumo ir sugertosios dozés galios matavimo metodai.
3 skyriuje pateikti statybiniy medziagy klasifikavimo ir gama spektrometriniy
tyrimy rezultatai, sugertosios dozés galios ore rySys su radono tliriniais
aktyvumais patalpose ir su patalpy statybinése medziagose esanciy
radionuklidy savitaisiais aktyvumais, iSorinés ap$vitos modeliavimo rezultatai.

ISvados

1. ISanalizavus faktorius, nuo kuriy priklauso apsSvita nuo statybinése
medziagose esanCiy gamtinés kilmés radionuklidy jonizuojanciosios
spinduliuotés, Lietuvoje naudojamos statybinés medziagos radiologiniu
pozitriu buvo suklasifikuotos | astuonias klases pagal tris poZymius:
1) juose esanciy radionuklidy savituosius aktyvumus, 2) kiekius, kuriais
jos naudojamos, 3) vietas, kur jos naudojamos, zmogaus atzvilgiu.

2. Nustatyta, kad gamtinés kilmés radionuklidy savitieji aktyvumai Lietuvoje
gaminamose ir naudojamose statybinése medziagose kinta placiose ribose:
*°Ra — nuo 0,6 Bqkg” iki 1030 Bqkg', ***Th — nuo 0,2 Bqkg' iki
426 Bq'kg', K —nuo 1,1 Bq-kg™ iki 4690 Bq-kg™.

3. Nustatyta, kad gamtinés kilmés radionuklidy Lietuvoje gaminamose ir
naudojamose statybinése medziagose aktyvumo rodikliai daugiausiai kinta
nuo 0,25 iki 0,55, taCiau atskirais atvejais gali siekti 3,78.

4. Isitikinta, kad Lietuvoje gaminamose ir naudojamose statybinése
medziagose esant didziausiam vienintelio aptikto dirbtinés kilmés
radionuklido "’Cs savitajam aktyvumui, uZregistruotam medZio
bandiniuose, $io radionuklido jonizuojancioji spinduliuoté lemty apie
0,8 % dozés, kuria lemia gamtiniy radionuklidy, esanéiy statybinése
medziagose, jonizuojancioji spinduliuoté.

5. Nustatyta, kad sugertosios dozés galia ivairiy pastaty patalpose priklauso
nuo radionuklidy savityjy aktyvumy statybinése medziagose. Misy Salyje
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metiné efektiné dozé patalpose, pastatytose i§ statybiniy medziaguy su
aktyvumo rodikliu, lygiu 1, biity 0,3-0,5 mSv.

Nustatyti **Rn tiriniai aktyvumai ir ju kaita patalpy ore bei jtaka
sugertosios dozés galiai rodo, kad sugertosios dozés galia priklauso ir nuo
patalpy charakteristiky. Dozés koeficientai ivairioms patalpoms gali skirtis
iki 30 karty. Radono skilimo produkty metiné efektiné dozé spinduliuotés
patalpose itaka sugertosios dozés galiai nevirsija keliy procenty.
Modeliuojant sugertosios dozés galios kaita ore, jvertinta patalpos
parametry (statybiniy medziagy tankio, patalpos konstrukciniy elementy
storio, patalpos dydzio, apdailos medziagy, vidiniy pertvary) itaka
gyventoju apsvitai.

Rekomendacijos

1.

Vien klasifikavimu jvertinti galimos ap§vitos nuo statybinése medziagose
esanCiy gamtinés kilmés radionuklidy jonizuojanciosios spinduliuotés
negalima — bitini §iy radionuklidy savityju aktyvumy statybinése
medziagose matavimai.

Dozés galios matavimai patalpose turéty biiti atlickami ne arciau, kaip 1 m
atstumais nuo sieny, grindy ir luby.

Statybiniy medziagy tinkamumo radiacinés saugos poZiliriu {vertinimas,
kai naudojamasi ne tik juy radionuklidy aktyvumo rodikliu, bet ir, esant
biitinybei, atliekant galimy apsvitos doziy skai¢iavimus, yra efektyvus
radiacinés saugos optimizavimo budas, padedantis lanksCiau taikyti
radiacinés saugos reikalavimy sistema.

ApsSvita nuo  statybinése = medziagose  esanciy  radionuklidy
jonizuojanciosios spinduliuotés gali biiti sumazinta kontroliuojant
radionuklidy savituosius aktyvumus Siose medziagose. Vienas i§ tokios
kontrolés biidy yra pakeisti statybines medziagas medziagomis, kuriose
yra mazesni radionuklidy savitieji aktyvumai.

Apsvita nuo radono, iSsiskyrusio i§ statybiniy medziaguy, gali bati
mazinama gerinant patalpy védinima ir padengiant vidinius patalpy
pavirSius (paprastai sienas) radonui nepralaidzia danga.
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