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Building materials are the second major source of indoor radon, after soil. The contribution
of building materials to indoor radon amount depends upon the radium content and exhala-
tion rates,which can be used as a primary index for radon levels in the dwellings. This paper
presents the results of using the experimentally determined exhalation rates of siporex blocks
and concrete plates, to assess the radiation exposure in dwellings built of siporex blocks. The
annual doses in rooms have been estimated depending on the established modes of ventila-
tion. Realistic scenario was created to predict an annual effective dose for an old person, a
housewife, a student, and an employed tenant, who live in the same apartment, spending dif-
ferent periods of time in it. The results indicate the crucial importance of good ventilation of

the living space.
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INTRODUCTION

Radon (**?Rn) and its progeny are present in all
dwellings, because radium is present in building mate-
rials as well as in the soil. It is important to understand
the generation and migration process of radon from
building materials, which contributes to 55% of total
radiation dose received by the population from the en-
vironment [1]. A research, dealing with the radiation
exposure induced by radon decay products in homes,
has shown that the cause of increased radiation may as
well be the construction material of the building.
When estimating an average annual radiation expo-
sure, one should also take into account life at home,
because the level of radiation can be higher within
homes than outside, bearing in mind that the walls
themselves can contain and emit radionuclides. De-
pending on the type of the construction material and
ventilation efficiency [2, 3], radiation indoors can be
many times higher than outdoor, and as such, it repre-
sents a serious health hazard. The average annual dose
in Europe from radon and its progeny, in homes and
workplaces, is estimated to be 1.6 mSv.

In order to determine activity concentration of
radon in siporex blocks and concrete, exhalation mea-
surements were performed by a closed chamber
method [4, 5] and then used to calculate annual doses
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in dwellings made out of siporex blocks. Impact of ra-
don concentration activity from the construction
material, on annual doses, depending on the estab-
lished ventilation mode, has been analyzed. Since the
main source of radon and its progeny is soil, this simu-
lation should consider only apartments on higher
floors in a modern residential building [6, 7].

Depending on the established mode of ventila-
tion, the radon activity concentrations and the annual
effective doses in rooms, have been estimated. Four
scenarios for different types of tenants were created to
predict the dose received by an old person, a house-
wife, a student, and an employed tenant, who live in
the same apartment.

BASIC DATA NECESSARY FOR
THE DOSE ASSESSMENT IN HOMES

Siporex and concrete exhalation rates

Radon gas is formed inside building materials by
decay of the parent nuclide 2*°Ra. However, it is not
possible to determine the radon exhalation rate simply
from the activity concentration of *?°Ra. Instead, one
must measure radon exhalation rates directly at the sur-
face of the material, as shown by many studies in the lit-
erature [4, 8-12]. There are various methods for mea-
suring the radon exhalation rate of building materials,



M. D. Nikoli¢, et al.: Modelling Radiation Exposure in Homes from Siporex ...
302 Nuclear Technology & Radiation Protection: Year 2015, Vol. 30, No. 4, pp. 301-305

such as the accumulation method, which involves open
and closed chamber method, the charcoal method, and
the solid state nuclear track detector method, [4, 8, 9].
The closed chamber method, essentially a kind of accu-
mulation method, which takes into account the leakage
of the accumulation chamber and the back diffusion
rate, is widely used in the measurement of the radon ex-
halation rate of building materials [10-12]. On the other
hand, for application of this method, it is necessary to
conduct active, continuous monitoring of radon con-
centration inside the chamber [5, 12, 13].

The radon exhalation rate £ (Bqm 2h™") is defined
as the quantity of radon activity liberated from the sur-
face area of building materials per unit of time. Using this
value and the area of the indoor surface, radon emanated
per unit of time could easily be calculated and applied to
estimate the radon concentration in the indoor environ-
ment. Radon exhalation rates of siporex and concrete
were determined by already developed closed chamber
method with active continuous radon measurement tech-
nique [5]. Measurements were performed by means of
certified Safety Siren radon detectors (Family Safety
Products Inc.). As previously stated, the closed chamber
method takes into consideration two main factors that
could influence the exhalation rates. By checking both of
the factors, it was found that back diffusion can be ne-
glected and the chamber leakage A, which can be de-
scribed by the rate of chamber's ventilation, was obtained
to be A= 0.0028 h. This value agrees well with the previ-
ously published data for closed chambers, with volumes
ofup to 1.5 m? [13, 14].

In order to eliminate moisture content, the siporex
and concrete samples were dried in an oven at 110 °C and
then put into compartments until saturation time oc-
curred (5-7 days). Using a technique, previously devel-
oped to measure the radon exhalation rates of granites,
with an accepteble level of confidence [5, 15], the exha-
lation rates for siporex and concrete were determined
tobe £, = 0.212 + 0.03 Bqm>h! and E,=0.210+
+0.03 Bqm2h!, respectively.These data are in good
agreement with the mean values of the exhalation rates
obtained by measurements performed with an online ra-
don measuring device, for 104 samples of concrete and
14 samples of siporex (aerated concrete) [16].

Building materials and dwelling model

In fig. 1, we present a simplified model of a
home with the basis of 48 m?, whose walls are built of

Table 1. Dimensions of the rooms
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Figure 1. Floor plan with dimensions of
residential premises

siporex blocks 0.25 m thick and 0.6 g/cm® dense, while
floors and ceilings are made of a 2.3 g/cm? dense con-
crete.

The assumption is that the home consists of four
rooms: bedroom, living room, vestibule, and bath-
room and the height of the apartment is 2.2 m. In the
center of each room, there is a recipient (tenant) who
spends some required time in it. Table 1 shows room
dimensions as well as total walls surface and volumes
of the rooms.

Radon activity concentration

Radon activity concentration Cp, originating
from siporex and concrete can be calculated directly as
(1, 13] EA

Cra = T (1

v
where E is the radon exhalation rate for siporex or con-
crete, A —the total surface of siporex wall in the rooms,
or the surface of ceilings and floors made of concrete,
V —the volume of the room, and 4, — the room ventila-
tion rate.

In this way, radon activity concentration was cal-
culated for each room by using experimentally ob-
tained values of the radon exhalation rate £ for siporex
and concrete, and the total activity concentration for a
room is determined as the sum of the concentrations
originating from siporex blocks and concrete, sepa-
rately. For each room, radon activity concentrations
are obtained by changing air ventilation rate A, (fig. 2).

Room type i Room Total windows and doors | Total walls surface | Total floor and ceiling l%‘urface Room v}olume
imensions [m] surface [m] made of siporex [m~] made of concrete ["7] [m’]
Living room 4x5 4.39 35.21 40 44
Bedroom 4x3 4.92 25.88 24 26.4
Vestibule 2x5 5.54 25.26 20 22
Bathroom 2x3 2.37 19.63 12 13.2
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Figure 2. Dependence of the radon activity concentration
on ventilation rate

In the literature, the air ventilation rates range
from 0. 2 per h to 2 per h, while the average value is
0.63 per h[13]. In this paper,for estimation of exposure
to exhaling radon, 17 room ventilation rates were used
in the range from 0.001 per h to 1 per h.

DOSE ASSESSMENT
Calculation of the annual effective dose

The annual effective dose H, received by ten-
ants, due to inhalation of radon originating from build-
ing material, has been calculated by the following ex-
pression [1, 14]

H=Cy, xFxOxDCF 2)

where F is the radon equilibrium factor (0.4), O —the oc-
cupancy factor expressed as the total number of hours
which the inhabitant spends in the room in one year, and
DCF— the dose conversion factor (9 nSv/Bqm?® for ra-
don).

For each room, the annual effective dose H is de-
termined by changing the air ventilation mode,
wherein for each mode of ventilation, three different
periods of time, spent by tenants in a specific room,
were assumed. The obtained results for annual equiva-
lent dose, in each room, are presented in fig. 3(a-d).

Furthermore,the annual effective dose in rooms,
for the two residence times (2 h and 10 h) and for the
minimum (4, = 0.001 h), average (4, = 0.63 h), and
maximum (4, =1 h) ventilation modes, is calculated
and presented in tab. 2.

It is evident from tab. 2 that the mode of ventila-
tion has the biggest impact on the annual effective
dose received by a tenant. Thus, at the minimum venti-
lation (4,, = 0.001 h) and for a modest time period of
two hours a day, spent in the room, the annual dose ex-
ceeds permissible level of 1 mSv per year in every
room, except for the living room where it is at the edge
of the permitted level (0.948 mSv). The annual effec-
tive dose proportionally increases with prolonged stay
inaroom. However, even with the medium intensity of
ventilation (1, =0.63 h), the annual dose received by a
tenant becomes negligible regardless of the time spent
in any room.
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Figure 3. Total annual radiation exposure of a recipient
in the living room (a), vestibule (b), bedroom (c), and
bathroom (d), depending on the airflow mode

Calculation of dose depending on the
four tenant scenarios in apartment

In tab. 3, the four scenarios for different types of
tenants are presented, assuming that each of them
spends an appropriate period of time in every room of
the apartment and a part of the day outside of home. On
this basis, the minimum, average, and maximum an-
nual doses received by tenants during their stay in the
apartment are calculated corresponding to the maxi-
mum, average, and minimum air ventilation.

We can see, from tab. 3, that the highest dose will
be received by an old person, who spends 22 hours in
the apartment and 2 hours outside, followed by a
housewife who spends only 3 hours outside the apart-
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Table 2. Annual effective dose (in mSv) for tenants, which spend 2 hours or 10 hours per day in different rooms, with three

modes of ventilation

Time [h] Mode of ventilation, A, [h™'] Living room Vestibule Bedroom Bathroom

0.001 0.948 1.14 1.05 1.33
2 0.63 0.002 0.002 0.002 0.002

1 0.001 0.001 0.001 0.001

0.001 4.74 5.71 5.24 6.65
10 0.63 0.008 0.009 0.008 0.011
1 0.005 0.006 0.005 0.007

Table 3. Scenario and doses for tenants in apartment
Tenant Old person Student Housewife Employed person

Living room 10 h 6h 8h 3h

Vestibule 1h 1h 2h 1h

Bathroom 1h 2h 3h 1h

Bedroom 10 h 9h 8h 9h

Period outside 2h 6h 3h 10 h
) Minimum 0.011 0.009 0.011 0.009

Annual effective Average 0.01 0.01 0.01 0.01

ose [mSv]

Maximum 11.21 9.45 11.11 8.03

ment. The lowest annual effective doses in both modes
of ventilation will be received by an employed person
and a student, in agreement with the maximum number
of hours spent outside home. In addition, it is con-
firmed that in the hypothetical situation of the apart-
ment without ventilation, the annual doses signifi-
cantly exceed the permissible level of 1 mSv, while in
case of good ventilation the doses can be ignored.

CONCLUSION

The annual effective dose received by a tenant
living in residential premises built from siporex blocks
is in the acceptable limit if the moderate ventilation is
provided. The results have pointed out the necessity of
aregular ventilation of apartments, by means of air ex-
change with the environment, in order to reduce the
annual effective dose and so the threat to the health of
the tenants.
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Munapen 1. HUKOJ/IU'h, Jasug P. CUMOBWH, Mumja 3EYEBWh, Buoxera B. HIUBYJINh

MOJE/OBAIBLE U3JIATAIBLA 3PAYEBDY Y CTAHOBUMA O]
CHUIIOPEKCA IMOMOLRY JAYMHE EKCXA/TAIMJE PAITOHA

I'pabeBuHCKE MaTepHjaiu MpeCTaBIbajy MOCIe 3eMIBUIITA IPYTH HajBasKHU)I U3BOP pajloHa y
3aTBOpEeHHM TpocTropujama. J[lompuHoc rpaheBUHCKUX MaTepujaia KOJWMYUHE pajjoHa Yy IpOCTOpHUjamMa
3aBUCH Off cajpxKaja pajiujymMa y HbUMa W jauynHe eKcxalanyje, Te Cy OHM NMPUMapHH YUHHUOLU KOjH
JMONpHHOCE HHWBOY pajoHa y CTaHOBMMA. Y OBOM pajly IpHKa3aHU Cy pe3yiaTaTH Kopuirhema
eKCIIEpIMEHTAITHO OfipeheHNX jaunHa eKcxananyuje CHmopeKc 6JI0KOBa 1 OETOHCKUX TUI0YA Pajii IPOICHE
U3II0KEHOCTH 3pavewy Yy CTaHOBUMa U3rpabeHnM ofi cunopekc 6iokoBa. OapebeHe cy Touimbe 103¢e y
mpocTopujaMa y 3aBHCHOCTH OJf OCTBApEHOr HauumHa BeHTwnanuje. Ha OCHOBY mpeTmocTraBbeHOT
peaNMCTUYHOT clieHapuja 6opaBKa MpoIekheHe Cy TONIIkhe e(peKTUBHE JI03e 3a cTapy ocody, roMmahwuiry,
yUeHNKa W 3alloclieHOr yKyhaHa, KOjH KMBE y HWCTOM CTaHy IpoBoichy y WeMy pa3iImuuTo BpeMe.
Pesynratu yka3yjy Ha CYIITHHCKY 3Ha4aj JOOPOT POBETPaBama CTaMOCSHOT IIPOCTOpa.

Kmwyune peuu: paooH, jauuna excxasayuje, uanazare 3apaderby, CUILOpeKc, 6eilioH, Mo0ea0sarse



