S. Turhan, ef al.: Natural Radiation Exposure and Radon Exhalation Rate of ...

Nuclear Technology & Radiation Protection: Year 2018, Vol. 33, No. 2, pp. 159-166

159

NATURAL RADIATION EXPOSURE AND RADON
EXHALATION RATE OF BUILDING MATERIALS USED IN TURKEY

by

Seref TURHAN |, Alper T. TEMIRCI !, Asli KURNAZ ', Aydan ALTIKULAC ?, Elif GOREN 3,
Muhammet KARATASLI 3, Rasit KIRISIK *, and Aybaba HANCERLIOGULLARI *

! Department of Physics, Faculty of Science and Letters, University of Kastamonu, Kastamonu, Turkey

2 Mugla Sitki Kocman University, Mugla, Turkey
® Department of Physics, Faculty of Science and Letters, Cukurova University, Adana, Turkey
*Turkish Atomic Energy Authority, Lodumlu, Ankara, Turkey

Scientific paper
http://doi.org/10.2298/NTRP1802159T

Measuring the natural radioactivity levels and radon exhalation rates (surface and mass) in
building materials is essential to evaluate the extent of radiation exposure (external and inter-
nal) for residents in dwellings. Gamma-ray spectrometry with a high purity germanium detec-
tor was used to measure the activity concentrations of 226Ra, 232Th, and 4K in some building
materials used in Turkey. Moreover, an active radon gas analyser with an accumulation con-
tainer was used to measure their radon surface and mass exhalation rates. Results showed that
the activity concentrations of 226Ra, 232Th, and 4°K varied from 5.2 + 0.6 (satin plaster) to
187.0£2.4 (granite) Bqgkg1, 2.6+ 0.8 (gypsum) to 172.2 £7.6 (granite) Bqkg-!and 12.3 +
+17.0 (sand) to 1958.0 + 83.4 (brick) Bqkg!, respectively. Radon surface and mass exhala-
tion rates varied from 2.9 (marble) to 2734.6 mBqm~—2h-! (granite) and 0.033 (marble) to
53.866 mBqkg-th-! (granite), respectively. The activity concentration index, indoor absorbed
gamma dose rate and corresponding annual effective dose were estimated and compared with
the recommended limit values. The results indicated that the building materials sampled pre-

sented no significant radiological risk.
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INTRODUCTION

Humans are exposed to ionizing radiation emit-
ted from naturally occurring radionuclides of terres-
trial origin such as uranium (>**U), thorium (**’Th),
and potassium (*°K) [1]. These radionuclides are pres-
ent in different quantities in all environments, includ-
ing the human body [1]. Individuals can be exposed to
the emitted ionising radiation in two ways: (1) expo-
sure to gamma rays emitted indoors and outdoors from
the radionuclides as whole bodies, known as external
irradiation and (2) exposure to alpha and beta rays
emitted from the intake of terrestrial radionuclides, es-
pecially radon (**’Rn) and its short-lived decay prod-
ucts, by inhalation and ingestion, known as internal ir-
radiation.

Building materials used in dwellings, schools
and workplaces for structural purposes (brick, cement,
concrete, efc.) and covering (granite, marble, tuff,
stone, efc.) contain naturally occurring radionuclides

* Corresponding author; e-mail: aliaybaba67@gmail.com

[1]. Therefore, building materials are a secondary
source of radon in indoor environments. The >*?Rn (3.8
days) is the decay product of *°Ra in the 23U series. It
is a natural noble gas and has four short-lived decay
products: 2'8Po (3.05 min), >'“Pb (26.8 min), >'“Bi
(19.9 min), and >'*Po (164 us) [1]. Radon and its decay
products are the most important sources of human ex-
posure to natural sources of ionising radiation [1]. Epi-
demiological studies have provided convincing evi-
dence of an association between indoor radon
exposure and lung cancer, even at the relatively low ra-
don levels commonly found in residential buildings
[2, 3]. Therefore, evaluating the radon concentration
and radon exhalation rates (surface and mass) from
building materials is important to understand the indi-
vidual contribution of each material to the total indoor
radon exposure. Methods have been developed to mea-
sure the radon exhalation rate of building materials
such as a passive method using a solid-state nuclear
track detector (CR-39 and LR-115), accumulation
(E-PERM electret ion chamber) and active methods
with radon monitors [4].
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The natural radioactivity levels and radon exha-
lation rates in building materials have been a matter of
concern in recent decades [4-20]. In this study, (1) the
activity concentrations of >°Ra, 232Th, and *°K in the
building materials commonly used in the Western
Black Sea region of Turkey were measured using a
gamma ray spectrometer equipped with a high purity
germanium (HPGe) detector, (2) the >??Rn concentra-
tion and *?’Rn radon exhalation rates (surface and
mass) of these materials were measured by active
method using a continuous active radon monitoring
system (AlphaGUARD PQ2000 PRO) with an accu-
mulation container, and (3) radiological risks that may
arise from the use of building materials were evaluated
by estimating their radiological parameters.

MATERIAL AND METHOD
Collection and preparation of samples

Atotal of 30 commonly used structural and cover-
ing building materials were collected from construction
sites and markets in the Kastamonu Province, which
lies in the West Black Sea region between 41°21'N lati-
tude and 33°46'E longitude. The samples were coded
according to the origin and location of the sampling site.
The samples were crushed, pulverized and dried in a
temperature-controlled furnace at 110 °C for 20 h to re-
move moisture before being transferred to a 1 L
Marinelli container and weighed. Sample containers
were hermetically sealed and allowed to stand for at
least 4 weeks to ensure short-term equilibrium between
226Ra and its short-lived decay products [21].

Measurement systems

The activity concentrations of 2°Ra, 2*2Th, and
40K in the samples were measured using a gamma ray
spectrometer with a high-resolution coaxial p-type
horizontal HPGe detector (Canberra GX3018). The
resolution of the detector is 1.8 keV for the ®°Co
gammaray energy line at 1332.5 keV and has arelative
efficiency of 30 %. The detector was shielded to mini-
mize natural background radiation from the environ-
ment [21]. A certified multi-nuclide standard distrib-
uted in 1.0 gem™ epoxy (Eckert&Ziegler Isotope
Products) in a 1 L Marinelli beaker was used for effi-
ciency calibration of the system in the energy range
from 122 to 1836 keV [21]. The counting time for each
sample was adjusted to obtain the gamma ray spec-
trum with good statistics [21]. The activity concentra-
tion of 22°Ra was measured using the 351.9 keV
gamma ray line from 2'#Pb and the 609.3 keV gamma
ray line from >'“Bi. The activity concentration of >>’Th
was measured using the 911.2 keV gamma ray line
from 2*8Ac and the 583.2 keV gamma ray line from

208T1 [21]. The activity concentration of K was mea-
sured directly by its own gamma ray at 1460.8 keV.

The ???Rn concentration and ?>’Rn surface and
mass exhalation rates from the samples were measured
using a radon monitor system (AlphaGUARD
PQ2000 PRO). This system is designed for continu-
ously determining the concentrations of ?’Rn and its
decay products in air, water and soil as well as relevant
climatic parameters. It incorporates a pulse-counting
ionization chamber with high detection efficiency,
wide measuring range, fast response to concentration
gradients and permanent, maintenance-free operation
[3]. The active volume of the ionization chamber is
0.56 L. The >*’Rn concentration measurement range is
2-200.000,000 Bqm™3. To measure the >*’Rn concen-
tration and 2*’Rn surface and mass exhalation rates of
the samples, a cubic accumulation container (600 mm
x 700 mm % 700 mm) was made from 20 mm of iron.
Before measurement, the radon-measuring device was
placed in this container and the background ?>’Rn con-
centration was measured. Each sample was then
placed in this container and measured for at least one
month to ensure a balance between >*’Rn and its decay
products. The background was subtracted from the
222Rn concentration of each sample.

RESULTS AND DISCUSSION

Activity concentration and
radon exhalation rate

The activity concentrations and the statistical
uncertainty of 22°Ra, 232Th, and “°K in the samples are
presented in tab. 1. The activity concentrations of
226Ra, 232Th, and “°K ranged from 2.6 + 0.8 to 172.2 +
+7.6 Bgkg!, 5.2 £ 0.6 to 187.0 + 2.4 Bqgkg ™', and
123.3 £17.0 to 1958.0 + 83.4 Bqkg!, respectively.
The lowest *°Ra activity concentration was measured
in the satin plaster sample, whereas the lowest 2*>Th
and “K activity concentrations were measured in the
sand sample. The highest 2°Ra and >*?Th activity con-
centrations were measured in the granite sample,
whereas and the highest “°K activity concentration
was measured in the pumice brick sample.

The United Nations Scientific Committee on the
Effects of Atomic Radiations (UNSCEAR) reported
that the average activity concentrations of *?°Ra,
232Th, and *°K in the Earth's crust was 32, 45, and
412 Bgkg™', respectively [23]. Figure 1 compares the
activity concentrations of 2>°Ra, 23>Th, and *°K in the
samples with the average of the Earth's crust. This
shows that the activity concentration of 2>°Ra mea-
sured in granite, gypsum, pumice brick, sand, clay
brick, wall tile, cement, ceramic tile, cellular concrete
and lime is greater than that of the average of the
Earth's crust. The activity concentration of *>Th mea-
sured in granite, pumice brick, wall tile, cement and
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Table 1. Activity concentrations of 226Ra, mTh, and “°K measured in the samples

— . =]
Sample (code) s Activity conczf;rzlfrrstlon [Bgkg '] o
Granite (G) 1722 +7.6 187.0+2.4 1365.0 £29.1
Gypsum-1 (GYP-1) 20.8+4.2 178+ 1.8 363.5£46.8
Gypsum-2 (GYP-2) 324+59 212+£2.2 467.4 £ 584
Pumice brick-1 (PB-1) 91.0£11.9 160.6 + 6.4 1958.0 £ 83.4
Pumice brick-2 (PB-2) 138.0 £9.5 130.0+ 54 1691.0 £ 75.8
Plaster-1 (PL-1) 8.0+2.1 139+13 315.4+£41.0
Plaster-2 (PL-2) 29+0.7 123+1.2 315.0+42.1
Marble-1 (M-1) 24.0+2.8 6.9£0.5 126.8 £14.9
Marble-2 (M-2) 17623 6.4+0.5 149.5£16.3
Grout (GRO) 5.7£0.6 147+1.2 311.1 £33.3
Surface grout-1 (SGRO-1) 21.1+£7.6 15.8%£0.8 315.5+£16.7
Surface grout-2 (SGRO-2) 4.1+£03 6.6+0.7 172.4£19.6
Surface grout-3 (SGRO-3) 11.2+24 7.1£0.7 1553 £18.1
Adhesive mortar-1 (AM-1) 214+1.9 79+0.6 170.6 £ 15.6
Adhesive mortar-2 (AM-2) 94+£09 9.2+0.6 156.8 £16.7
Adhesive mortar-3 (AM-3) 204+ 1.6 105+ 1.5 233.7+£17.1
Adhesive mortar-4 (AM-4) 248+ 19 23.9+0.8 364.7+17.1
Sand-1 (S-1) 39.7+2.6 52£0.6 1233 £17.0
Sand-2 (S-2) 173+ 1.7 15.8£0.7 315.0+£15.3
Clay brick (CB) 413 +£3.1 30.0+ 1.7 597.8£16.7
Wall tile-1 (WT-1) 45.8+£3.7 643142 906.7 £22.2
Wall tile-2 (WT-2) 69.0+23 58.0+2.1 658.0 £25.1
Cement-1 (CM-1) 86.4+6.2 453+£2.8 766.1 £29.6
Cement-2 (CM-2) 53.3%2.6 21.2+0.7 382.3 £20.0
White cement (WCM) 10.9+£2.0 9.6+0.5 185.0 £ 17.7
Ceramic tile (CT) 75855 414123 699.5 £21.7
Cellular concrete (CCON) 579+2.38 509+1.9 1087.0 £ 63.7
Lime (LM) 73.3+49 154+ 1.8 402.1 £19.6
Satin plaster-1 (SPL-1) 26+0.8 13.5£0.6 333.7+£41.2
Satin plaster-2 (SPL-2) 10.0+ 1.7 18.6+0.9 336.2£39.9
L 14
lime is greater than that of the average of the Earth's ERg =Ap, A— (1)
crust. The activity concentration of “°K measured in S
granité, gypsum, pumice brick, §lay brick, wall tile, where Agy is the maximum 22Rn activity concentra-
ceramic tile and cellular concrete is greater than that of tion in the accumulation container in equilibrium, A is
the average of the Earth's cmst. . the decay constant of the Rn(7.56-10°h™), V[m’]—

The sealed accumulation container was kept un- he vol fthe accumulation container, and S [m’] —
til the radioactive equilibrium was reached for 30 thevo ume'o 222 ’ .
days. The *??Rn measurement was carried out after a the samplej S surfagle ?{e?‘ The "Rn mass exhalat%on
balance between radon and decay products was aver- rate (ERv in Bakg "h™) is calculated by the following
aged every 10 minutes for at least 24 h. The total dura- formula [22]
tion of each measurement varied from 32 to 34 days. V
The ?2?Rn activity concentrations measured in the ERyy = Apa A M 2)
container where ground and walls were covered by i 2
granite, marble, wall and floor tile, brick (pumice and wher'e M [kg] is the mass of the sarnple. The™Rn ex-
clay), and cellular concrete were given in tab. 2. The halatlgn rates w'ere measured assuming that the accu-
highest 2>Rn concentration is released from the gran- glzqzulatlon f:ontalner was leakproof. Therefore, ’the
ite sample whereas the lowest 222Rn concentration is Rn leaking from the container was not taken into
released from marble. consideration.

The ???Rn exhalation rate is the amount of radon The ERg and ERy; values measured for the build-
activity concentration emitted per unit surface or mass ing materials examined are given in tab. 3. The ERg
per unit time. The ?2?Rn surface exhalation rate (ERg in and ER,, values measured in granite and marble are
Bqm~h!) is calculated by the following formula [6] compared with the values in the literature in tab. 4.
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Figure 1. Comparison of the activity concentrations of ***Ra, **Th, and *’K in the samples with the

average values of the Earth's crust
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Table 2. Activity concentration of 22Rn measured in
some building materials

Table 3. **Rn exhalation rate from some building
materials

Building materials | Radon activity concentration [Bqm] Building materials | ERs [mBqm>h'] | ERy [mBgkg 'h™"]
Granite 1660.0 + 20.0 Granit 2734.6 +32.8 53.866 + 0.646
Marble 1.0+ 0.1 Marble 29+0.1 0.033 £ 0.001
Wall tile 6+0.2 Wall tile 16.7£0.5 1.140 £ 0.031

Floor tile 3.0+£0.1 Floor tile 7.7+£0.2 0.377£0.011
Clay brick-1 740+ 1.5 Clay brick-1 793+1.5 5.711 £0.108
Clay brick-2 22.0£0.6 Clay brick-2 22.7+0.7 1.630 + 0.052

Pumice brick-1 212.0+3.8 Pumice brick-1 103.0 £2.0 13.860 + 0.278
Pumice brick-1 10.0+£0.3 Pumice brick-2 28.7+0.9 0.872 £0.029
Cellular concrete 204.0 £20.9 Cellular concrete 237.8+0.7 6.891 £0.117

Radiological parameter

The activity concentration index (/y) proposed
by the European Commission (EC) is widely used to
evaluate the excess gamma radiation originating from
building materials [31]. Itis used as a scanning tool for
practical monitoring purposes and is estimated as [31]

]y:ARa +ATh + AK (3)

300 200 3000
where Ag,, A, and Ak are the activity concentrations
of **Ra, ***Th, and *K, in Bqkg ', respectively. For
materials used in bulk amounts such as concrete and
bricks, an Iy of less than or equal to 1 corresponds to an
annual effective dose of 1 mSv, whereas an [y of less
than or equal to 0.5 corresponds to an annual effective
dose of 0.3 mSv [31]. For superficial and other materi-
als with restricted use such as tiles and boards, an /y of
less than or equal to 6 corresponds to an annual effec-
tive dose of 1 mSv, whereas an 7y of less than or equal
to 2 corresponds to an annual effective dose of 0.3 mSv
[31]. The Iy values estimated for the samples are given
in the first columns of tab. 5. The Iy values range from
0.1 to 2.0. Only the [y values estimated for pumice
bricks are above the recommended upper limit to the

dose from building materials to unity.

The indoor absorbed gamma dose rate (IDR) due
to gamma ray emission from ?°Ra, 2*’Th, and *°K in
the building material were evaluated as follows [31]

IDR =DCCy, Ay, + DCCqy, Ay, + DCCy Ay (4)

where DCCr,, DCCry,, and DCCk are the dose conver-
sion coefficients estimated for *°Ra, >**Th, and “’K,
respectively. In the EC report, DCC were estimated for
the center of a standard room (4 X 5 x 2.8 m). The DCC
were estimated as 0.92, 1.1, and 0.080 nGyh ' per
Bgkg ' for **°Ra, **Th, and *’K, respectively [31].

The corresponding annual effective dose (AED)
was estimated using the formula [1]

AED = IDR [nGyh ' ]-8766[h]-
-0.8 (occupancy factor)-0.7 [SvGy "' 1-107° (5)

where /DR is given by eq. (4). The indoor occupancy
factor implies that 80 % of the time is spent indoors, on
average, around the world [1].

The average IDR values estimated for the sam-
ples are given in the second column of tab. 5. The /DR
values range from 25 to 473 nGyh™'. In the UNSCEAR
report, the world average of IDR is given as 84 nGyh™!
(range: 40-200 nGyh™"). The IDR values estimated for
granite, gypsum, pumice brick, clay brick, wall tile, ce-
ment, ceramic tile, cellular concrete and lime are greater

Table 4. Comparison of the ERs and ERy; values obtained in this study with those in the literature

Material Country Egs [mBqm *h™'] Erm [mBgkg 'h '] Measurement method Reference
Thailand - 20300 Active (radon monitor) [24]
Greece 1240 - Passive (CR-39) [25]
Saudi Arabia 1500 - Active (radon monitor) [26]
Granite Egypt 761-1699 8-19 Passive (LR-115) [27]
Serbia 161-576 167-678 Active (radon monitor) [28]
Turkey 157 - Passive (CR-39) [13]
Turkey 2735 54 Active (radon monitor) This study
Canada 200 - Active (radon monitor) [5]
Serbia 14 - Active (radon monitor) [29]
Turkey 130 - Passive (CR-39) [13]
Libya 132 - Passive (CR-39) [9]
Marble i
Egypt 153-363 2-4 Passive (LR-115) [27]
India 26 - Passive (LR-115) [30]
Pakistan 292 — Passive (CR-39) [30]
Turkey 3 0.03 Active (radon monitor) This study
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Table 5. The activity concentration index, indoor
absorbed gamma dose rate and corresponding annual
effective dose

Sample code Iy IDR [nGyh ] AED [mSv]
G 2.0 473 2.3
GYP-1 0.3 68 0.3
GYP-2 0.4 91 0.4
PB-1 1.8 417 2.0
PB-2 1.7 405 2.0
PL-1 0.2 48 0.2
PL-2 0.2 41 0.2
M-1 0.2 40 0.2
M-2 0.1 35 0.2
GRO 0.2 46 0.2
SGRO-1 0.3 62 0.3
SGRO-2 0.1 25 0.1
SGRO-3 0.1 31 0.1
AM-1 0.2 42 0.2
AM-2 0.1 31 0.2
AM-3 0.2 49 0.2
AM-4 0.3 78 0.4
S-1 0.2 52 0.3
S-2 0.2 58 0.3
CB 0.5 119 0.6
WT-1 0.8 185 0.9
WT-2 0.7 180 0.9
CM-1 0.8 191 0.9
CM-2 0.4 103 0.5
WCM 0.1 35 0.2
CT 0.7 171 0.8
CCON 0.8 196 1.0
LM 0.5 117 0.6
SPL-1 0.2 44 0.2
SPL-2 0.2 57 0.3

than the world average (populated-weighted) indoor
absorbed gamma dose rate of 84 nGyh™' [1]. The AED
values estimated for the samples are given in the last
column of tab. 5. The AED values ranged from 0.1 to
2.3 mSv.

CONCLUSIONS

The activity concentrations of *°Ra, 23?Th, and
40K in 9 structural and 21 coating materials commonly
used in the Kastamonu Province were measured using
gamma ray spectrometry. The 2’Rn activity concentra-
tion released by some building materials and their >*’Rn
exhalation rates (surface and mass) were also determined
using a continuous active radon-measuring system. For
each sample, the activity concentration, indoor absorbed
gamma dose rate and corresponding AED were esti-
mated to evaluate the radiological risks. Compared to the
average of the Earth's crust, greater activity concentra-
tions were observed for 22°Ra, 2*2Th, and “’K in granite,
pumice brick, wall tile, cement and lime, >?Ra and 23>Th
in gypsum and clay brick, and ??Ra in sand, ceramic tile
and cellular concrete. Using the activity concentration

index, only the values estimated for pumice bricks were
above the upper limit recommended by the EC. The ac-
tivity concentration results and evaluations showed that
the building materials examined presented no significant
radiological risk. These findings can be used as guide in-
formation for the use and transportation of the building
materials sampled.
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Illepe¢p TYPXAH, Annep T. TEMUPIINU, Acimn KYPHA3, Ajnan AJITUKYJIAY,
Emug 'OPEH, Myxamer KAPATAIJINU, Pammt KWPUIINK, Ajoaca XAHUYEPINOI'YJIAPU

N3JIATAIBE INPUPOIHUM PAINOHYKININMA U JAUYNHA EKCXA/AIIMJE
PAJOHA TPABEBUHCKUX MATEPUJAJA KOJU CE KOPUCTE Y TYPCKOJ

Mepeme HUBOA TPUPOJIHE PAMOAKTHBHOCTH M MOBPIIMHCKE M MAaceHE jauMHe eKcXajaluje
pajioHa y rpabeBMHCKOM MaTepujany off KJby4HOT je 3Hayaja Ipu MPOLEHH CIIO/bAalllHel ¥ YHYTPALIHET
u3arama 3padcihy CTAaHOBHMIITBA Y cTaMOeHUM oOjekTuMa. I'aMa-CieKTpOMEeTpHjCKIM MepemhuMa Ha
repMaHHIjyCKOM JIETeKTOPY BUCOKE UMCTOhe H3MEPEHE Cy KOHIIEHTpaluje akTuBHOCTH 22°Ra, 232Th, 1 'K y
HEKMM rpabeBUHCKMM MaTepHjaamMa Koju cy y ymorpedm y Typckoj. [JomaTho, Kopuctehu akTusHuM
aHAMM3aTOP PajioHa ca aKyMyJalldOHUM pe3epBOapOM, U3MEPEHE Cy IMOBPIIMHCKA M MaceHa jauydHa
eKkcxajanmje pajioHa. PesynrtaTu mokasyjy la cy KOHIEHTpalLuje akTHBHOCTH Guile: 3a 2*%Ra, y oricery of
5.2+0.6 Bqkg ' (3a caten runc) o 187.0+2.4 Bqkg ™' (3a rpanut), 3a >2Th, of 2.6 + 0.8 Bgkg ™! (3a rumc) o
172.2+7.6 Bgkg™' (3a rpanur) u 3a “°K, o 12.3 +17.0 Bgkg ™! (3a necak) o 1958.0 + 83.4 Bqkg ™' (3a uuray).
IMoBpmIMHCKA ¥ MaceHa jauyMHa eKcxajaluje pajoHa Hu3Hocuie cy of 2.9 mBgm2h~! (3a Mmepmep) 10
2734.6 mBqm~h~! (3a rpanut) u ox 0.033 mBgkg 'h™! (3a mepmep) o 53.866 mBgkg 'h™! (3a rpanur),
pecnekTnBHO. IIpOlEmEHN Cy MHIEKC KOHIEHTpAlMje aKTUBHOCTH, jauyMHa alcopOOBaHE J03€ rama
3pavema y 3aTBOPEHOM NMPOCTOPY M Ofrosapajyha roguima eeKTUBHA [103a M MOTOM ynopeheHe ca
NpenopyYeHrM FPaHIYHAM BpelHocTHMAa. Ha OCHOBY pe3ysiTaTa HUje yOueH 3HaYajaH PauoNIOIIKH PU3UK
0J] y30pKOBaHMX rpaheBUHCKUX MaTepujaa.

Kwyune peuu: upupooHna paouoaxkitiu8HOCH, ja4UHA eKcxaiauyuje padona, Zo0uulba egeKiiusHa 003da,
2pabesuncku maitiepujan




