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Abstract. Radionuclide gamma radiation in building materials twist natural gamma field, therefore, dosimetry investiga-
tion of ionizing radiation of natural radionuclides was carried out near various building constructions. It was detected that
equivalent dose rate of natural radionuclides increases exponentially (this empirical dependence stays in force to 10-15
meters from a building) while approaching a building under investigation. It was measured that buildings increase ionizing
radiation approximately 1,5-2 times. Wooden buildings are an exception. They change natural background to 5 %. The
values of equivalent dose rate in buildings are distributed according to Gaussian distribution. The measured equivalent
dose rate is 1,5 times smaller in wooden houses then in block, silicate and ceramic bricks houses.

Keywords: ionizing radiation, building materials, anthropogenic activity, natural radionuclides, dosimetry, equivalent

dose rate, specific activity.

1. Introduction

External radiation is due to cosmic radiation impact,
ionizing radiation of natural earth-nature radionuclides
and artificial radionuclides.

Natural radionuclides in building materials make up
one of the major human radiation sources [1, 2]. Parame-
ters — to measure doses received by humans living in
buildings built out of one or another building material —
are quantities of natural radionuclides — specific activity
in building materials [3].

From the point of view of radiation protection, natu-
ral 2®U, #’Th chain radionuclides and mostly “°K have
the biggest impact upon human exposure deriving from
building materials. Building materials might be contami-
nated with natural radionuclides through industry by-
products and waste that are used during their manufactu-
ring process and are characterized by a high natural ra-
dionuclide specific activity [4—7]. It might be phosphate-
manufacturing waste, slag, soft ashes released by a
thermopower station [8].

Ionizing radiation of radionuclides in building mate-
rials changes background and causes both internal and
external human exposure. Data on specific activity of
natural radionuclides in building materials is important
because it allows to evaluate human exposure. The majo-
rity of human beings spend 80 % of their lives inside
buildings. Equivalent dose rate caused by natural radia-
tion in buildings should not be higher than 350 nSv/h.
Equivalent dose rate caused by natural radiation in
working places should not be higher than 450 nSv/h [6].

It is known that some building materials are very ra-
dioactive. Uranium (**U-**Ra) series decay chain prod-
uct ***Rn is the most dangerous radioactive isotope [9].
Specific activity of natural radionuclides belonging to
uranium and thorium series, that are used in building
materials in Lithuania, fluctuates from 10 to 100 Bg/kg
(*K specific activity is approximately 10 times bigger),
meanwhile in wood — approximately 0,1 Bg/kg.

Building materials can have a double impact upon
human health. Firstly, gamma radiation of radionuclides
of *®U family, **Th family and “’K causes external hu-
man exposure. Secondly, **’Rn and **’Rn exhalation cau-
ses internal radiation because of radon and thoron decay
products that access human respiratory system [10, 11]. A
special attention is devoted to specific activity of **’Ra
(***U family decay product) in building materials because
radon emanation depends on it. However, not always a
high value of **Ra specific activity encourages a high
222Rn exhalation. In spite of these facts, reduction of do-
ses of external gamma radiation has been recently low on
an agenda. Issues of *’Rn in buildings seem to be much
more important. However, the only effective way of reduc-
tion of external radiation dose is an appropriate choise of
building materials having a small quantity of mentioned
radionuclides. Different countries have different regula-
tions, standards and directives regulating permissible ra-
dionuclide quantities in various building materials [12—14].

Building materials are classified into several diffe-
rent types: class 1 — materials for new private houses and
public buildings the effective activity parameter of which
does not exceed 370 Bg/kg; class 2 — materials used for
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road constructions and industrial buildings the effective
activity parameter of which does not exceed 740 Bq/kg;
class 3 — materials used for road constructions far away
from living regions the effective activity parameter of
which does not exceed 2800 Bq/kg [12]. The same classi-
fication system is recognized in Austria, Finland, Slova-
kia, Latvia, Norway, Israel and Russia. Other countries
set the limit for equivalent dose rate received due to a
certain building material: the limit in Sweden cannot
exceed 0,5 uSv/h; in Finland — 1 mSv/year, in Slovenia —
50 uGy/h. The German rules specify that the quantity of
radium in balance should be 200 Bg/kg; in Luxembourg
specific activity of “Ra cannot exceed 350 Bq/kg,
22Th — 250 Bg/kg and “’K — 5000 Bg/kg [13, 15].

The aim of the investigation is to carry out dosimet-
ry measurement near various building constructions and
evaluate the fluctuation of equivalent dose rate due to
radiation caused by natural radionuclides in buildings.

2. Investigation methods

Mobile equipment for measuring, data registration
and accumulation were used in the investigation. A cross-
cut profile was made for each measuring near separate
building constructions. Each cross-cut profile included
from 5 to 50 points remoted from each other at a 1 meter
distance. The quantity of points depends on how far is a
separate construction object remoted from another buil-
ding that can influence equivalent dose rate changes.
Buildings chosen for investigation were built of different
building materials.

The equipment depicted in Fig 1 was used to carry
out the measurement of gamma radiation equivalent dose
rate, caused by natural radionuclides present in building
materials.

Equivalent dose rate was measured with a portable
radiometer SRP-08-01. The exposure dose measurement
limits of this radiometer are 0 — 27000 nSv/h. Equivalent
dose rate near different buildings can be measured with
this equipment. The radiometer is connected to a data
register from which accumulated data are transferred to a
portable computer. The portable computer is connected to
the Global Positioning System (GPS). The latter is a very
precise radio navigation system providing information

SRP-08-01

Fig 1. Measuring equipment

about the position of objects in space, their velocity, di-
rection, the distance to selected points, exact time at a
given moment and geographical sunrise/sunset time. GPS
works in the same way in any place of the world irrespec-
tive of weather conditions, day time or season [16].

The following data are accumulated in the portable
computer: location co-ordinates, time and readings of the
radiometer. The equipment is easily transported.

A gamma spectrometric system (CANBERRA) with
a semiconductor HPGe detector was used to establish the
specific activity of natural radionuclides. The detector is
characterized by a big resolution 2 keV. The equipment is
characterized by a direct signal, wide energy interval,
undelicacy of impulse amplitude for impulse count rate,
high rate of impulse increasing, undelicacy for magnetic
fields.

The specific activity in the building materials of the
main gamma radiation sources is identified by using 24—
72 hour measurement expositions. Radionuclides were
identified according to the following lines: *“’K—

1460 keV, *°Ra - 186 keV, ***T1 - 583 keV. It is known
that there is no radioactive balance between specific con-
centration of ***Th and its decay product **TI. The ratio
of their specific activity is reckoned to equal to 1,6 [17].

The background was evaluated continuously during
the measurement period, its level varied insignificantly.
Its “’K changes constituted less than 4 % of signal vol-
ume.

3. Measurement results

Dosimetry investigation was carried out near sepa-
rate building constructions using the above described
measurement methodology. It was detected that equiva-
lent dose rate caused by natural radionuclides approach-
ing a building increased exponentially.

The analyses of experimental results show that,
while going away from a building, the intensity of ioni-
zing radiation in the majority of cases decreases to
1,5 time.

Figs 2-5 show graphics of dynamics of equivalent
dose rate while going away from buildings. The figures
clearly illustrate the impact of anthropogenic activity
upon changes of natural background.

The graph depicted in Fig 2 clearly indicates the
fluctuation of equivalent dose rate going away from block
buildings. 25 identical block buildings were chosen for
the investigation.

Equivalent dose rate going away from block buil-
dings changes according to the formula:

H =163¢"04 1)

where H — equivalent dose rate, nSv/h; x — distance to
the building wall, m.

The coefficient of approximation of the latter equation
is considerably high (R*= 0,91). The analyses of the inves-
tigation results indicate that the influence of a building
upon radiation at a distance of 10—15 meters decreases 1,6
time. Experimental investigation proved that the empirical
equation for depiction of radiation fluctuation applies only
at a distance to 15 meters from a building.
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Fig 2. Equivalent dose rate (EDR) fluctuation going away
from block buildings

The results of investigation of the fluctuation of ra-
diation going away from silicate brick houses is depicted
in Fig 3. 27 identical silicate brick buildings were chosen
for the investigation.
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Fig 3. EDR fluctuation going away from silicate brick
houses

The comparison of the results presented in Fig 2 and
in Fig 3 shows that equivalent dose rate formed by gam-
ma radiation in block houses is 1,4 time bigger than that
near silicate bricks houses. This difference is predetermi-
ned by radiation of natural radionuclides present in buil-
ding materials.

Using regression we arrive at an equation depicting
fluctuation of equivalent dose rate going away from sili-
cate brick houses:

H=112-¢%02, )
The coefficient of approximation of the latter
equation is R’ = 0,70.
After spectrometric investigation of ceramic and sili-
cate bricks it was detected that silicate bricks contained a
less quantity of radionuclides than ceramic ones (Table 1).

Table 1. Specific activity of radionuclides in samples of build-
ing materials

Building | Number of Specific activity, Bq/kg

material samples 26p, 22T 0
Brick 32,548, | 14,94,

(silicate) 15 1 3 749224
Bl"le' 15 68,3+10 | 36,144, 980208

(ceramic) 2 3
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Equivalent dose rates were bigger near red brick
buildings (Fig 4).
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Fig 4. EDR fluctuation going away from ceramic brick
houses

Going away from red brick buildings equivalent do-
se rate can be depicted as follows:

H=123.¢7%, A3)

The equation shows dependence of equivalent dose
rate fluctuation upon the distance to a building. The coef-
ficient of approximation of the equation is R* = 0,71, the
latter is similar to the case of silicate brick buildings.

After measuring equivalent dose rate near wooden
houses distinct fluctuation of radiation was not noticed.
An average value is about 78 nSv/h. It is about 1,6 time
smaller than near block buildings, and 1,3 time smaller
than that near silicate brick houses.

It was found that wood contained a considerably less
quantity of natural radionuclides than other building ma-
terials (Table 2), therefore, equivalent dose rate formed
by wooden houses is considerably smaller and thus al-
most undistinguished from the natural background.

Table 2. Specific activity of *°K, ***Ra and ***Th in wood

Number of Specific activity, Bq/kg
samples 0K 2R, LR
18 38,4+11,9 5,2+1,6 2,3+0,7

Fig 5 presents fluctuation of equivalent dose rate go-
ing away from a wooden building.
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Fig 5. EDR fluctuation going away from wooden houses
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Going away from wooden buildings equivalent dose
rate can be depicted as follows:

H =850, )

The coefficient of approximation of the equation is
very small (R* = 0,22) and therefore applies exceptionally
to separate cases.

It is important to note that the provided empirical
equation applies only to a distance of 10—15 meters to the
buildings under investigation. Coefficients of exponential
distribution degree of equivalent dose rate caused by
natural radionuclides fluctuate from —0,04 to -0,01, de-
pending on the type of a building. It is found that, while
building a house, a human increases ionizing radiation
approximately 1,5 time, sometimes even 2 times. An
exceptional case are wooden houses that change the natu-
ral background only by 5 %.

It was investigated what ionizing radiation was
spread by separate construction objects. Fig 6 shows iso-
lines of equivalent dose rate fluctuations caused by ioni-
zing radiation near the only remained wall of an already
missing building. The investigation was performed using
the computer programme Surfer.

Fig 6. EDR (nSv/h) fluctuation of ionizing radiation going
away from silicate brick wall

The building was built from white silicate bricks. It
was noticed that the biggest equivalent dose rate caused
by natural radionuclides was detected near the wall, i e
110-120 nSv/h, the smallest one — at a 10 meter distance
from the wall, i e about 64 nSv/h.

Table 3 presents the following building materials
which were also investigated radiologically: cement,
concrete, insulating and decoration materials.

Major natural radionuclides were identified. Their
specific activities differ in different building materials. 15
different building materials were chosen for investigation.

Table 3. Specific activity of “’K, *°Ra and **Th in some build-
ing materials

Building materials m Specific a;tﬁiVity’ Bq/kgm
K Ra ““Th

Cement 38,4+11,9 5,2+1,6 2,3+0,7
Sand 238+29 13,9+3,9 5,6+1,4
Gypsum 215425 1,9+0,9 0,9+0,4
Expanded clay 961231 52,7184 | 22,7%7.,5
Concrete 543+101 47,2492 34,7+8,1
Sawdust 38+12 8,6+2,3 3,2+1,2

The biggest part (about 80 %) of building material
radiation is made up of *’K radiation. Radiation of the
latter influences mainly external irradiance. The value
range of this radionuclide specific activity is very wide.
The smallest value of *’K specific activity was identified
in cement, the biggest one — in expanded clay.

The analysis of the values of specific activity of
Ra in building materials showed that they widely fluc-
tuated. The smallest value of **°Ra specific activity was
identified in gypsum, a 10 times higher one — in sand and
the biggest one — in expanded clay.

According to measurement results, specific activity of
“*Th in building materials under investigation is the least
one from that of all the other identified radionuclides.

A conclusion is drawn that specific activity of natu-
ral radionuclides depends on the mining location.

As it was mentioned, ionizing radiation spread by
buildings depends mainly on the type of a building mate-
rial. Comparative dosimetry measurements were carried
out in buildings built of different building materials.
Block buildings, ceramic (red) brick houses and silicate
(white) brick houses were built in 1970-1980, wooden
ones — in 1954—-1968. 25 block houses, 18 ceramic brick
houses, 27 silicate brick houses and 14 wooden houses
were chosen for the experiment (Fig 7).

Soil

Wooden houses :—4
Sl ol *—4
houses |

Block houses |

0 50 100 150 200
LDG, nSv/h
Fig 7. EDR fluctuation in different houses

Ceramic brick
houses

An approximate value is about 147 nSv/h in a block
house, in a ceramic (red) brick house — about 144 nSv/h,
in a silicate (white) brick house — about 149 nSv/h, in a
wooden house — about 104 nSv/h. The measurement re-
sults show that gamma radiation in a wooden house is 0,7
times less than in a silicate brick house, consequently, a
person in a wooden house receives a less dose than in a
silicate brick house.
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Figs 8-11 depict the statistical data of equivalent do-
se rate measurements. Dependencies found while analy-
sing equivalent dose rate fluctuation in different buildings
(block buildings, ceramic brick houses, silicate brick
houses and wooden houses) are close to one mode Gaus-
sian distribution.

The analysis of experimental results showed that the
highest equivalent dose rate was in block houses, ceramic
brick houses and silicate brick houses. Equivalent dose
rate in wooden houses is 1,5 time less. It is due to buil-
ding material radio isotropic content.

The analysis of the results of multifold experiments
showed that building floor does not have much influence
on equivalent dose rate fluctuation. That is determined
by the amount of radioactive substances except the case
of basement where the soil influence is the strongest.
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Fig 8. Frequency of EDR in block houses
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Fig 9. Frequency of EDR in ceramic brick houses
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Fig 10. Frequency of EDR in silicate brick houses
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Fig 11. Frequency of EDR in wooden houses

Regarding different building floors, equivalent dose
rate of ionizing radiation fluctuates from 79 to 130 nSv/h.
The highest equivalent dose rate of natural radionuclides
was found in the basement because basements usually are
not ventilated, and natural inert gas, such as radon and its
split products, accumulates and mainly influences addi-
tional irradiance [18]. The ratio of internal and external
irradiance equals to 1,4. The ratio depends mainly on the
type of a building material and the width of building
walls because building materials are not only the source
of ionizing radiation but also a screen protecting a person
from the influence of cosmic radiation.

After measuring specific activity of the main gamma
radiators 4OK, 226Ra and ***Th in silicate bricks, their input
for radiation was found (for 40K _ about 17 nSv/h, for
226Ra — 9 nSv/h, for 2**Th — 9 nSv/h) [19].

4. Conclusions

1. It is found that equivalent dose rate of natural
radionuclides increases exponentially approaching a buil-
ding. The results of dosimetry investigation performed
near different types of buildings show that at a distance of
10-15 meters the impact of a building upon radiation
decreases approximately 1,6 time in the case of block
buildings, 1,3 time in the case of silicate bricks houses
and 1,4 time in the case of ceramic bricks houses.

2. The results of the investigation show that the di-
versity of values of equivalent dose rate caused by ioni-
zing radiation depends upon the quantity of radionuclides
in building materials. Spectrometric analysis of most
often used building materials shows that the least specific
activity of natural radionuclides is found in wood (e g
YK — 38+12 Bq/kg), the biggest one — in expanded clay
(e g “K - 961231 Bg/kg), therefore, in order to avoid
additional irradiance it is necessary to consider the use of
specific building materials in constructing various buil-
dings (particularly dwelling-houses).

3. Distinct ionizing radiation fluctuation was not
noticed near wooden buildings. In the case of wooden
buildings equivalent dose rate is 1,6 time smaller than
that near precast concrete buildings, and about 1,3 time
smaller than that near silicate brick buildings, because the
values of specific activity of natural radionuclides found
in wood are considerably smaller than those found in
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other three types of building materials under investiga-

tion.

4. The results of comparative dosimetry measure-

ments in houses of different building materials show that
the values of equivalent dose rate in buildings are distri-
buted according to Gaussian distribution. The measured
equivalent dose rate in wooden houses is 1,5 time smaller
than that in block, silicate and ceramic brick houses.
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STATINIUOSE ESANCIU RADIONUKLIDU SUKELTOS SPINDULIUOTES LYGIAVERTES DOZES

GALIOS KITIMO [VERTINIMAS

M. Pecliuliené, G. Grigaliiinaité-Vonseviciené, A. Girgzdys

Santrauka

Statybinése medZiagose esanciy radionuklidy gama spinduliuoté iSkreipia natiiraly gama lauka, todél Salia jvairiy staty-
biniy konstrukcijy ir jose buvo atlikti dozimetriniai gamtinés kilmés radionuklidy jonizuojanciosios spinduliuotés tyrimai.
Nustatyta, kad gamtiniy radionuklidy spinduliuotés lygiavertés dozés galia artéjant prie pastato didéja eksponentiskai (i
empiriné priklausomybé galioja iki 10-15 m nuo tiriamojo objekto). Pastatytieji pastatai padidina jonizuojanciaja spin-
duliuvote vidutiniSkai apie 1,5-2 kartus, iSimtis — mediniai pastatai, kurie nattiraly fona pakeicia iki 5 %. Nustatyta, kad
patalpose lygiavertés dozés galios reikSmés pasiskirsciusios pagal normalyji skirstinj. Mediniuose pastatuose iSmatuoto-
sios dozés vertés yra apie 1,5 karto maZesnés nei iSmatuotosios blokiniuose, keraminiy plyty bei silikatiniy plyty pasta-

tuose.

ReikSminiai ZodZiai: jonizuojancioji spinduliuoté, statybinés medZiagos, antropogeniné veikla, gamtinés kilmés ra-
dionuklidai, dozimetrija, lygiavertés dozés galia, savitasis aktyvumas.
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ONPEJIEJIEHUE W3MEHEHUS MOIIHOCTH JSKBUBAJEHTHOM J03bl W3-3A W3JIYUEHUS
PAJJMOHYKJIMAOB, HAXOAAIUXCS B CTPOUTEJIBHBIX KOHCTPYKIUAX

M. Ilauyaene, I'. I'purantonaiite-BoncsiBuuene, A. I'mpraauc
Peszome

NamMa-n3TydeHne painoHyKINI0B U3MEHSIET B CTPOUTEIILHEIX MaTepHajaX eCTeCTBEHHOE raMMa-Tiosie. beuti mposeneHst
JO3UMETPUYECKUE UCTIBITAHUSI HOHM3HMPYIOLIETO M3TYYeHHUs], BBIJIEIIEMOTo PaAHOHYKINAAMH HAaTypalbHOTO MPOUCXOXK-
JIeHUs BOJIM3U Pa3iIMYHBIX CTPOUTENBHBIX KOHCTPYKIWH. Y CTaHOBJIEHO, YTO MOIIHOCTh SKBHBAJIECHTHOH 03Bl HATypajb-
HBIX PaJMOHYKJIUJIOB NPHU NPHOIMKEHUH K MOCTPOHKE SKCIIOHEHTHO YBEIMYMBAETCA (3Ta SMITMPUYECKas 3aBUCHMOCTh
MoOXkeT ObITh 10 10-15 M OT ucnpITyeMoro o0beKTa). Y CTAaHOBIEHO, YTO CTPOUTENBbHBIE KOHCTPYKLMH YBEIMYHBAIOT HO-
HU3UpYIOLee U3TydeHHe B cpenHeM 10 1,5-2 pas, 3a MCKIIOUEHHEM JePeBSHHBIX CTPOCHHMiH, KOTOPBIE H3MEHSIOT €CTEeCT-
BEeHHBIH (OH 10 5 %. B moMemeHusXx 3Ha4YeHHS MOIIHOCTH SKBUBAJICHTHON MJO3B YCTAHABIMBAIOTCS COTJIACHO
HOpPMaJILHOMY pacrpeseneHuro. ViaMepeHHbIe B IEPeBIHHBIX CTPOECHHSIX 3HAYEHMsI MOIIHOCTH B 1,5 pa3a MeHbIIe, 4eM B
CTPOCHMSIX U3 OJIOYHBIX IUTUT, KEPAMHUIECKOTO MII CHITMKATHOTO KHPIIHYA.

KunrwoueBbie ciaoBa: HOHU3HUPYIOUIEE HU3JTYUCHUE, CTPOUTECIIbHBIE MAaTEpUaJibl, aHTPOIIOI€HHOC Z[efICTBPIe, PaauoOHYKIMABL
HaTypaJbHOT'O IMMPOUCXOKIACHUSA, NOSUMETPHA, YACIbHAasd aKTUBHOCTD.
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