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In order to address concern about radon exhalation in building material, radon exhalation rate
was determined for different granites available on Serbian market. Radon exhalation rate, along
with mass exhalation rate and effective radium content were determined by closed chamber
method and active continuous radon measurement technique. For this research, special chambers
were made and tested for back diffusion and leakage, and the radon concentrations measured
were included in the calculation of radon exhalation. The radon exhalation rate ranged from
0.161 Bq/m?h to 0.576 Bq/m?h, the mass exhalation rate from 0.167 Bq/kgh to 0.678 Bq/kgh,
while the effective radium content was found to be from 12.37 Bq/kg to 50.23 Bq/kg. The results
indicate that the granites used in Serbia have a low level of radon exhalation.
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INTRODUCTION

Radon (???Rn) is naturally existing radioactive
gaswithahaf-lifeof 3.83d, which emanatesfrom soil
aswell asfrom building materials, into outdoor or in-
door air. Radon decaysinto seriesof short-life progeny
(%*8Po, 24Ph, 21Bi, and 2*Po), which could beinhaled
into the human respiratory tract and impose a signifi-
cant health hazard for the population. There is a con-
siderable public concern about radon exhalation from
building materials, especially those used for interior
decoration such as granite tiles that are considered as
an important source that contributes to indoor radon
concentration through exhalation from walls and
floors[1].

Radon gasisformedinsidebuilding materialsby
decay of the parent nuclide ??Ra. However, it is not
possibleto determine the radon exhal ation rate simply
from the activity concentration of 2°Ra. Instead, one
must measure radon exhal ation rates directly fromthe
surface of the material, especialy for granites [2,
3].Various methods have been devel oped for measur-
ing the radon exhalation rate from building materials,
such astheaccumul ation method, first proposed by the
Lawrence Berkeley Laboratory, the charcoal method,
and the solid state nucl ear track detector method [4-9].
In addition, the closed chamber method, essentialy a
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kind of accumulation method, which takes into ac-
count theleakage of theaccumulation chamber and the
back diffusion rate, iswidely used for measurement of
radon exhal ation ratefrombuilding material s[10]. For
application of this method it is necessary to conduct
continuous monitoring of radon concentration inside
the chamber.

Radon exhalation rates from building materials
vary widely and some building materials may contrib-
ute significantly to indoor radon levels. Although
many data are available, especially for granites com-
monly used in home decoration, large variability has
made the existing data insufficient to conclude which
types of granites have higher radon exhalation rate
than others. Even though such variation of radioactiv-
ity in natural materials cannot be reduced by conduct-
ing more and intensive measurements, it is of interest
to assess radon contribution from building materials
commonly availablein the Serbian market, and to ver-
ify whether granite materials used in Serbian homes
haveany differencein radon exhalation characteristics
compared to the reported data[11-14].

THEORETICAL APPROACH
The radon exhalation rate E; is defined as the

quantity of radon activity liberated from the surface
area of building materials per unit time [Bgm—2h].
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Using thisvalue and the area of theindoor surface, ra-
don emanated per unit time could easily be calculated
and used to estimate the radon concentration in thein-
door environment.

Among various techniques for determining ra-
don exhalation rate, a closed chamber technique was
chosen for this research and a special glass chamber
was made for this purpose. The sample under study
was seal ed insidethe chamber until saturationtimeoc-
curred.

As the radon concentration around the sample
grows, radon atoms are diffusing back into the mate-
rial dueto porous nature of the samplesthus lowering
the equilibrium radon concentration inside the accu-
mulation chamber. This phenomenon is known as
back diffusion, defined through back diffusion coeffi-
cient 1, [h™], which causes an underestimate of true
radon exhalation rate. However, if the volume of sam-
ple is 10 % or less, according to the volume of the
chamber, the back diffusion effect can be neglected
[1, 15, 16]. The chamber was built in this manner and
back diffusion was checked for each tested sample.
Theinitial growth of radon concentration was not reg-
istered and thusback diffusion wasneglected (fig. 1.)

However, another factor that could also underes-
timatethetrue exhalationrateisleakage. The chamber
leakageisdescribed by therate of ventilation, A, [h™],
and in this research, it was determined through radon
decay curves. After measuring background radiation,
the chamber without a sample was sealed and radon
decay was monitored. Through the mass balance, the
chamber leakageis calculated as[1, 12]
M -M,

C,-C,
where M, and M_ are initial slopes of ideal decay
curves of radon concentration inside the chamber, in
the case of no leakage and in the case with leakage,
respectively (fig. 2). Cyistheinitial concentration of
radon inside the chamber in leakage measurement
(Cp = 16 Bg/m®), and C, — the background radon con-
centration in the laboratory (Co = 12 Bg/m®).

Since in case of no leakage, decay curve takes
thesimpleform: C,(t) = C,e™!, theinitial Sope M, can
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Figure 1. Radon concentration growth in time for
different types of granites
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Figure 2. The radon decay curves (experimental and
ideal)

be calculated directly asM, = —-C 2 =-0.121 Bg/m°h,
where the value of radon decay constant 4 is used
A =21-10%s?1=0.00756 h™.

Theinitia dopeof thecurvefor decay with leak-
ageisfound to be M, =-0.132 Bg/m>h. By substitut-
ing thesevaluesinto eg. 1, theleakage rateisfound to
be: 1, = 0.0028 h™L. This result is consistent with the
previously published values of leakage coefficients
ranging from0.002 h~'t0 0.033 h~* for the close cham-
bers with volumes from 0.013 m® to 1.5 m® [12, 16].

By solving radon mass transfer equation with
neglected back diffusion, radon exhalation rate can be
estimated as [1]

Eo =[C. (2+4,)~2Col @

where C..istheequilibriumradon concentrationinside
the chamber, V — the volume of the chamber, and A -
the surface of the sample.

The mass exhaation rate E,,, [Bgkgh], which
is often the criteriafor evaluation of materialsused in
building of apartment houses, and the effectiveradium
content Ray; [Bakg™], are given by [1]

En=Eo &)

and m

Em 4

*

Raeﬁ =

where " isthetotal removal constant of radon trans-
port processwith neglected back diffusion, A" =2 +A..

EXPERIMENTAL SETUP

For the purpose of this experiment, a specia
closed chamber was created (fig. 3). The chamber was
designed entirely out of thick glass and it consists of
three independent compartments, providing measure-
ments with three samples at the same time, thus in-
creasing the research efficiency. Each compartment
having volume of 0.45 m3istightly sealed and isol ated
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Table 1. Radon exhalation rates from various granite samples

Source Mass [kg] ETge(\ql ?r?’ gﬁjlame M as? %Eglgtr: 9151 rate EffectlvEe Brgldig{rq content
Nerro Assoluto 0.867 0.161 + 0.024 0.167 + 0.025 12.42 + 1.86
Africared 1.345 0.249 + 0.037 0.167 + 0.025 12.37+1.85
Granite from Kopaonik 0.723 0.215 + 0.032 0.266 + 0.039 19.71 + 2.95
Impaagranite 0.821 0.217 £ 0.032 0.238 + 0.035 17.63 + 2.64
Granite from Jablanica 0.950 0.493 + 0.074 0.467 + 0.070 34.65+5.19
Zimbabwe 0.623 0.469 + 0.070 0.678 + 0.101 50.23 + 7.53
Bengal 0.928 0.576 + 0.086 0.564 + 0.084 41.78 + 6.26

Figure 3. Chamber assembly for radon exhalation
measur ements

fromthe environment. Samples, fromwhich radon gas
emanatesfreely, arelocated at the bottom of each com-
partment.

Active, continuous, short-term measurements
were performed by using SafetySiren radon detector
(Family Safety Products Inc.) whichis certified by En-
vironmental Protection Agency. It isimportant to men-
tion that the measuring error of this device is +15 %,
which will be outlined in the results.

Seven days before the experiment chamber was
opened and the detectors were placed in order to deter-
mine background radon concentration, along with con-
centration in the chamber, which varied for each set of
measurements in the rangefrom 12 Bg/mto 32 Bg/m?®.
This procedure was applied for each set of samples.

Thesampleswerethendriedinovenat 110°Cin
order to eliminate moisture content and then put into
compartments until saturation time occurred (5-7
days). Radon concentration was monitored hourly via
Webcam and Chronol apse software, since it was cru-
cial to observeif sudden radon fluctuations occurred.
Chronolapseisatool for creating timelapses and stop
motions. It can take screenshots or webcam captures
(or both simultaneously) at user defined intervals and
each change of radon concentration on the detectors
was noted.

RESULTS AND DISCUSION

Table 1 showsthe radon exhalation rates and ef-
fectiveradium content of thegranite samplesavailable
at the Serbian market. Calculations are based on radon
concentrations measurements and the application of
egs. (2-4).

Theresults for the exhalation rates ranged from
0.161 Bg/m*h for Nerro Assoluto black granite to
0.576 Bg/m?h for Bengal granite. The highest mass
exhalation ratewasfoundto be0.678 Bg/kgh for Zim-
babwe granite, while the lowest was established to be
0.167 Bg/kgh both for Nerro Assoluto and Africared
granite. The highest radium effective content was
found to be 50.23 Bg/kg in Zimbabwe granite while
thelowest onewas 12.42 Bg/kgin Nerro Assoluto and
12.37 Bg/kg in Africared granite.

Measurements of the radon exhalation rate from
33 samplesof granite available on the Canadian market
for interior home decoration [13] and 32 samples of
granite mainly from Saudi Arabia, but aso imported
partly from other countries [17], produced similar re-
sultsto each other: from non detectablevaluesto almost
11 Bg/m?h, with an avarage of less than 2 Bg/meh.
Moreover, the effective radium content ranged from
13.3 Bg/kg to 225 Ba/kg [17]. Based on these dataand
the values given in tab. 1, we conclude that granites
used in Serbiahavelow level of radioactivity, but with
considerable variation from sample to sample.

CONCLUSION

Closed chamber specially designed, with three
independent compartments and low |eakage of radon,
enabled the active and continuous measurements of
radon exhalation using commercially available Safety
Siren detectors. The results obtained for the seven
granite samples sold on Serbian market show a low
level of radon exhalation and an effective content of
radium, but also significant differences between the
samples. Hence, using this ssimple and quick measur-
ing techniquethe characterization of construction ma-
terials on radon emanation can be performed
successfully.
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Mnapen 1. HUKOJIW'R, Poaossyd [I. CUMOBHUH

JAYNHA EKCXAJJAIIMJE PAJOHA U3 TPAHUTA
KOJ1N CE KOPUCTE Y CPBUIU

Y Hamepu fa ce 06paTH naxkba Ha eKCXallalijy paloHa n3 rpabeBuHcKor MaTepujaia, ogpehena
je jaunHa ekcxananuje pajjoHa pa3InIuTHX TPAaHUTA KOjU CY PACIIONIOKUBY Ha TpkuTy y Cpouju. Jaunna
ekcxananyje pajoHa, 3ajeJHO ca MAaCCHOM jaulHOM eKcxajlalyje u €(DeKTUBHUM PaHjyMCKUM cafpsKajeM,
onapebeHa je MeTomoM 3aTBOpeHEe KOMOpE M MOCTYITKOM aKTHBHOT HEIPEKUTHOT Mepera pajjoHa. 3a 0BO
UCTpasKuBamke HAUNI-EHE Cy MoceOHe KOMOpE, IPOBEpEHe Ha MOBPATHY AU Y3Hjy U Nypee, a n3MepeHe
BpPEIHOCTU KOHIIEHTpalHje pajjoHa ynoTpeOJbeHe Cy Y MPOpadyHy eKcxajaluje. JaunHa ekcxananuje
pagona u3Hocwia je on 0.161 Bg/m?h o 0.576 Bg/m?h, Mmacena jaunna excxanamuje og 0.167 Bg/kgh o
0.678 Ba/kgh, nox je epexTuBHE capskaj pagujyma 6uo oy 12.37 Ba/kg mo 50.23 Bg/kg. PesynraTn ykasyjy
nma cy rpanuTd Kopuiithenn y CpOuju ca HICKUM HUBOOM €KcXaJallfje pagoHa.

Kayune peuu: >?’Rn, padowu y 3aitieoperom ipocitiopy, excxarayuja padoHd, padoHcKd KOMopd,
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