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Abstract: Problem statement: Uranium is a radiotoxic element found in trace rgiiges in alomost

all natural accurring materials like soil, rock.d®a an inert radioactive gas whose predecessor in
uranium, is emitted from soil beneath the house femh building materials. Accurate knowledge of
exhalation rate plays an important role in cham@magon of the radon source strength in some
building materials and soil. It is a useful quantib compare the relative importance of different
sample of building materials and sollpproach: This study provides an overview of measurements
of radon exhalation rates for selected samplesgypEwere carried out using passive measuring
techniques were measured by Can Technique using15Rtype Il plastic track detectorResults:

The radon concentration varies from 2.44-29 k Bg and the corresponding values of surface
exhalation rates from 4.16-26.24 Bg“rh the radium content 226Ra results in all sampteter test

in increasing order of magnitude. From the regultan be noticed that The lowest value of 226Ra is
Bq kg™ in Sand sample, while the highest value is 85 §q ®rdinary CementConclusion: All the
values of radium content in all samples under wesie found to be quite lower than the permissible
value of 370 Bq kg recommended by Organization for Economic Coopemaind Development.

Key words: Solid-State Nuclear Track Detector (SSND), buildingterials, exhalation rates, radium
content, radon exhalation, cooperation and devedopnorganization for economic

INTRODUCTION radon escapes or emanates from solid into the
surrounding air is known as radon exhalation rétie
Exhalation of ?’Rn, o-radioactive inert gas, is solid. This may be measured by either per unit noass
associated with the presence?¥Ra and its ultimate per unit surface area of the solid.
precursor uranium in the earth crust. Although ¢hes Among the different techniques available for radon
elements occur in virtually all types of rocks asalls, measurements, the method based on the use of solid
their concentration varies with specific sites andstate nuclear tracks detectors (SSNTD) is probigy
geological materials. The half-lifer}/2) of *Rn is  most widely applied for long term radon measurement
3.82 days. Being a noble gd€Rn can move large The solid state nuclear track detector have beed us
distances through rocks and soils. Radon can diffusfor determining the radon emanation in a limestone
through rocks and soil, can move from one placthéo cave (Oufni and Misdaq, 2001) also for determimatio
other and can leak out in the atmosphere fromdile s radon activity and uranium content in different
So the distribution of radon in soils has beentegldo  geological samples (Oufni, 2003; Oufet al, 2005;
geological controls in terms of its generation andAmin and Eissa, 2007). Since uranium and radium
migration; uranium content in bed rocks and soilspresent in the soil, rocks and building materiatks the
influence production and the soil characteristicsmain sources of indoor radon. Solid state nuclesokt
(including the soil moisture and permeability) coht detectors have become an important tool in every
the transportation of radon (Bajawhal, 2009). investigation of the presence of radon gas. Inwhisk,
Henshawet al (1990), has claimed that indoor we describe a method based on using LR-115 type I
radon exposure is associated with the risk of leaka  for the study of radon exhalation rate and radium
and certain other cancers, such as malenoma ar@ntent on selected building materials and soilpam
cancers of the kidney and prostate. If Uranium richused locally in Egypt.
material lies close to the surface of the earthetlzan
be high radon exposure hazards (Fahetial, 2008; Theoretical approach: The passive measuring
Abdelzaher, 2011; El-Zaher, 2011; Archadral, 1973; techniques “Can Technique” employing a Solid-8tat
Sevcet al, 1976; UNSCEAR, 1993). The rate at which Nuclear Track Detector (SSNTD), a simple and effiti
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method to assess radon exhalation rates (Abu-Jdrad dp(t)
al., 1980; Samuelsson and Pettersson, 1984; Ramolag;
and Choubey, 2004; Prasatial, 2008), besides being
relatively inexpensive, the technique provides euit wherep(t) is the track density and K is the calibration
reliable measurements. coefficient @-tracks crifday’/Bgq mi®). Using Eq. 3 in

. o i i (4), we derive Eq. 5:
Theory Consider a sealed cylindrical can fitted with a

=KC(t) 4)

source of radon and a SSNTD dosimeter fixed atathe T KAE ©
of the can as shown in Fig. 1. Assume that radonp:ch(t)dt: .|'(1.e-M Yt (5)
thoron and their daughters are in radioactive o AV g

equilibrium in the air volume of the can. For difan
in air, it is expected that all daughters of ins¢naill be  with initial condition p(0)=0, the solution is given by
deposited except®®Po will be in air volume. Eq.6:

Furthermore, “°Rn and #°%Po are inhomogenously

distributed in the air due to their short half kvelhe AE. 1 .

%P0 and”Bi formed by the decay of'Po will be ~ P=K-Tt-—~(1-€7)] (6)
preferentially inhomogenously deposited on the wéll

the can. It is clear that the track density regesteon

the detector which is related ©Rn, as well as its The radon exhalation rate in terms of area is
plated-out daughters. The exhalation of radon ftben  calculated from the Eq. 7:

sample surface represents the source of the nuafber

radon atoms & N(t)' present in the air between the CV

sample and SSNTD. The natural decay of radon Ea TAT. (7)
provides the only removal mechanism. The rate of of

change of N(t) with time is therefore governed bg t
following differential Eq. 1:

where, Ty is the effective exposure time which is
related with the actual exposure time t and decay

dN() constant. for *Rn with the relation Eq. 8:
S =EA-AN(1) (1)
| Tt (®)
where N(t) is the total number of radon atoms prese A

the can at time t, E is the exhalation rate (Bghm), A
is cross-sectional area of the can (the surfaca afe And E. is the radon exhalation rate expressed in Bq
sample from which the exhalation takes place)laigl m°h™!, C represents the integrated radon exposure
the decay constant of rador*fhThe solution of Eq. 1 (Bg.m>.h), V is the effective volume of the can, t is the
with initial condition N(0)=0 is Eq. 2: exposure time in hours (h),is the decay constant for
radon (A*') andA is cross-sectional area of the carf)(m
N(t)=E[1- ] @) The radon exhalation rate.in terms of mass is tatied
A from the expression Eq. 9:
If V is the volume of air (%), The activity _CVA
concentration of radon C(t). in the air volume lué tan = MT
as a function of time t can be given by the follogvi
relation Eq. 3 (Morawska, 1989; Chenal, 1993):

9)

eff

Were E, is the radon exhalation rate in terms of mass
EA (Bq kg*hr'Y) and M is the mass of sample All the
C(t=—[1-€"] 3) quantities on the right-hand side of Eq. (7,9) karewn
w except C(t). We have experimentally determined the
value of C(t) using LR-115 type Il based in radon
Since the solid state nuclear track detectodosimeter. Putting the value of C(t) in Eq. (7,9),
measures the total number of alpha-disintegration iexhalation rate was determined.
unit volume of the cylindrical can during the expies
time t. Therefore, the measured track density ratéroblemsencountered in exhalation rate:
recorded on the SSNTD is proportional to the radorBack-diffusion: In a closed chamber which contains a
concentration and is given by Eq. 4: sample??’Rn concentration increases with the passage of
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time from zero to its maximum value. However, afterseries is reached in about three weeks. Once the

reaching its maximum value, back diffusion of radonradioactive equilibrium is established, one may tise

also take place which reduces the 222Rn concemitrati  radon alpha analysis for the determination of stead
It is very important to keep the activity concatibn ~ state activity concentration of radium. The acivit

in the chamber air low, compared to the activityconcentration of radon begins to increase with time

concentration in the pore air of the sample. Almostafter the closing of the can, according to theti@taE(q.

immediately after enclosing a sample in a contaorer 14:

attaching an accumulator to an exhaling surfaeeration

released from the exhaling material has a sigmfica c, =C, (1-€") (14)

probability of diffusing back to the sample. Closed

chamber methods of small chamber vplume compa_lred Rhere, G, is the effective radium content of the

the pore volume of the sample are highly susceptbl sample. Since a plastic track detector measures the

such phenomena. The theoretical and experimentidd WO time-integrated value of the above expression ite,

reported by Samuelsson and Petterson (1984); Sssouel (414 number of alpha disintegrations in unit vokiof

and Erlandsson (1988) and Samuelsson (1990). 3899€fhe can with a sensitivity K during the exposureetiT,

that choosing a chamber free volume 10 times Ietr_g&'_r hence the track density observed is given by Eg. 15
the pore volume of the sample, may acceptably ni@eim

the back-diffusion effect. p=K Cra Tet (15)

In this study the radon exhalation rate may be
effected by the back diffusion process, becauseati® \,here T, denotes, by definition, the effective exposure
of the cup volume to the sample volume is abouethr ime Referring to Fig. 1 it is clear that the ‘ffive
Therefore, the process of the back diffusion habeo 5qium content” of the solid sample can be caledat
taken into consideration. Back diffusion paramefyr using the formula Eq. 16:
can be defined by Hafezt al (2001) Eq. 10:

APV. v Cragn=—PPA_ (16)

p==*P=1" (10) Radum ™ o T M

w

where, M is the mass of the soil sample in kg, thésarea
of cross-section of the can irfyh is the distance between
the detector and top of the solid sample in meter.

where, V is the effective volume inside the corgaj\is
is the volume of soil sample, p is the porositysofl
porous material, ) and \j are the volumes of wet and
dry sample, respectively.

The exhalation rate of radon in sampleg @hd
Ey) and the effective exposure time.gf'was corrected
with Back diffusion parametef) as follows Eq. 11-13:

MATERIALSAND METHODS

Passive integrating methods of radon measurement
by Solid-State Nuclear Track Detectors (SSNTDs):
A passive method (can-technique) using LR-115 type

E, - CVO+p) (1)) Il (Kodak-Path6, France) plastic detector, as adsol
Ao state nuclear-track detector was developed for
measurements of radon exhalation rate of different
E = CV(+B) (12) samples materials, in which the samples of inteiest
YOMT, enclosed in a sealed can (Abu-Jaratdal, 1980;
Somogyi et al, 1986; Samuelsson and Pettersson,
1984; Ramola and Choubey, 2004). The cellulose
1 nitrate LR-115 (12 um thickness), is a very useful
=t (1-e™P) (13)  detector for the direct registration of alpha paes,
(*+p) the sensitive surface of the detector faced to the

samples, the experimental arrangement is shown in
Fig. 1. The tracks detected by these plastic detect
Radium content calculation: Since the half-life of are not directly visible and have to be enlarged by
*Ra is 1620 years and that BfRn is 3.82 days, it is adequate chemical processing. Different samples of
reasonable to assume that an effective equilibriunsoil, sand and some building materials were codiéct
(about 98%) for radium-radon members of the decayrom several quarries and commercial companies in
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Egypt. All samples were dried in a temperature Following exposure, the the LR-115 films
controlled furnace (oven) at a temperature(SSNTDs) are chemically etched in 2.5 N NaOH
100+0.1°C for 24 h to ensure that moisture issolution at 60°C for 1.5 h. After this chemical
completely removed. All samples were crushed to dreatment, these SSNTDs were washed, dried and
fine powder form, the crushed samples were therscanned using an Olympus optical microscope with a
sieved through a small mesh size to remove thé&nagnification of 300X. The laboratory's Image
larger grains size and render them moreAnalysis System includes a microscope and a camera
homogenous. About 200 g of sample was placed in @nd counts the number of alpha tracks on 0.5afrthe
plastic Can of size 10 cm in height and 7.0 cm indetector. On receipt of a new batch of detectoashe

diameter. A piece of detector of size 2x2 cm wassheet is sampled for quality assurance testing: 0%
fixed on the top of inner surface of the can, ictsa the unexposed detectors are etched. The subsequent

way, that it is sensitive surface always facing $bé counting determines the background track density

; S ; . (tracks per square centimeter or tr ©m If the
sample. The Can is sealed air tight with adhesiv . )
tapepand kept for exposure of aboSt 90 days. Durinéeackground track density of all detectors from eeths

exposure period, the sensitive side of the detectolr ss than 50 tr cif) the sheet is released for use. The

) adon track densityg, (in tr.cm?) is related to the
always faced the sample and is e?(posed freelyao thradon activity concentration (G (in Bg.ni%) and the
emergent radon from the sample in the can so that

b time T by formula Eq. 17 (S i, 1986):
could record alpha particles resulting from theadec xpostire ime 1 by formua £q (Somogyl, )

of radon in the remaining volume of the can. Radon-_ By m® = on. / Koo, T 17
and its daughters reach equilibrium in about 4 \geek o (BA-MT) = pra/ Ken (A7)
(So_nkawadeet al, 2008) and hence the eq_umbrlum where, kg, is the calibration factor of LR-115 plastic
activity of emergent radon could be obtained fromtrale detector (0.033 track.Gul/Bq.m? with an
the geometry of the can and time of the exposure. uncertainty of a bout +10%, which is calibrated in

pervious study (Abd-Elzaher, 1997). The value @f K
will depend on the height and radius of the measuri
A - can (Somogyi, 1990).
l RESULTS

SSNTD The results of mass and surface exhalation rdtes o
radon, the soil-gas radon concentration and the
corresponding radium content in different samples a
presented in Table 1. The average value of the back
diffusion parametef was found to be 0:26which is,
11 cm in our opinion, not significant in these measuretsien

The radon exhalation rate in terms of area is
calculated from the Eq. 7:

_CVA
AT

eff

Radon gas E,
where, K is the radon exhalation rate expressed in Bq
m?h™!, C represents the integrated radon exposure
(Bg.m3h), V is the effective volume of the can in
(5.526x10*m°%), T is the exposure time in hours (2028
h), A is the decay constant for radori‘jhand A is the

area of the bottle (5.026x10n?). The radon exhalation

44—  §cm —_— rate in terms of mass is calculated by using Eq. 9:

_CVA
MT

Fig. 1. Experimental set-up for the measurement of E,,
radon exhalation eff
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Table 1: Results of radon concentration, radonlatiba rate and radium contents in some sampleitdfibg material

Exhalation rates

Sample name Sample code Radon (kBj/m Concentration radium ontent (Bg/kg) v Bg/nt.h) Ex (Bg/nt.h)
Ordinary cement 1 OcC1 10.10 85 0.49 8.95
Ordinary cement 2 0C2 29.63 71 0.52 26.24
Ordinary cement 3 OCc3 24.75 76 0.36 21.92
Gypsum GY 26.46 52 0.14 23.43
Limestone LI 18.12 20 0.06 16.05
Clay Soil 1 CL1 6.97 9 0.10 6.17
Clay Soil 2 CL2 3.13 15 0.05 2.78
Clay Soil 3 CI3 5.22 8 0.04 4.63
Sand 1 SAl 2.78 7 0.09 2.47
Sand 2 SA2 2.44 14 0.13 2.16
Sand 3 SA3 4.88 19 4.32
6.62 5.86

Here K, is the radon exhalation rate in terms of mass 90 1
(Bg kg 'h™*) and M is the mass of soil sample (200 g). 80 1

The radium concentration in soil samples was 70 1
calculated using the relation Eq. 18: 60 1
50 1
40 A
30 A
20 A
10 4

_ phA
Co.p =
Radium k ™™

Rn'e

(18)

Radium contant {Bqg/kg)

where, Gagium IS the effective radium content of soil
sample (Bq kg@'), M is the mass of soil sample (200 g),
A is the area of cross-section of bottle (5028 3 n), &
h is the distance between the detector and thefttie &t T T
soil sample (0.1m), K is the calibration factor LdR-

115 plastic track detector, and o Tis the effective ¢
exposure time.

Fig. 2: Radium content (Bg/kg) for some used sampl
of building materials in increasing order of
magnitude.

The radon exhalation rate was measured for SOMenhe radon exhalation rates shown in Table 1 wenado

different samples of building materials as reported 1 e consistent with data obtained by other ingatirs
Table 1. These building materials are usually used (Folkertset al, 1984; Cheret al, 1993).

construction in some regions of Egypt. The values 0" Figure 2 represent the values of radium content
exhalation rates of building materials vary fromeon 2263, in all samples under test in increasing order of
sample to another. This variation is due to thetexun magnitude.

of uranium and radium and to the porosity of the "o the results it can be observed that the
building materials. The radon concentration vafiem lowest value of?®Ra is 7 Bq /kg calculated in Sand

2.44 to 29 kBq m® and the corresponding values of ) . .
surface exhalation rates from 4.16 to 26.24 Bdim samplel, while the highest value is 85 Bq /kg

The ordinary cement 1, demonstrates the highesh me&alculated in Ordinary Cement 1. The h'éﬁsR?‘
exhalation rate (26.24 Bgfth) while sand 1 and Clay values can be rendered to the high concentration of
Soil 3samples with values of 2.44 Bdimand 2.788 the three radionuclide¥’Ra and***Th. The results
Bag/nt.h respectively have the lowest values within theshows that there are considerable variations in the
same order of magnitude. Radon concentration if°°Ra of the different materials and also within the
dwellings depends partly on the type of buildingsame type of material originating from different
material. It appears clearly from the obtained @alof  areas. This result is important from the point Ew
radon concentration of ordinary cementl,2 and 3 an@f selecting suitable materials for use in buildagd

Gypsum, that they would present a higher indooomad construction especially concerning those which have
concentration if were used together for constructio large variations in their activities.
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Table 2: Shows values of radium contant (Bg ktpr some building materials in different counrie

Sample Egypt(present work) 'Germany 2Australia SAlgeria Zambia ®India
Gray cement 77.33 70 115.0 112 79.00 108.50
White cement 29.00 - - - - -
Sand 13.33 59 70.0 28 84.15 135.00
Gypsum 52.00 - 111 - - 10.36

Krieger (1981); Beretka and Mathew (1985); Amramd &ahtat (2001); Hayumbe al (1995); Kumaet al (1999)

The variation in radium equivalent activities may REFERENCES
suggest that it is advisable to monitor the radigig
levels of materials from a new source before adgpti ~ Abd-Elzaher, M., 1997. Registration-in and applmat

for use as a building material (Kumairal, 1999). The of nuclear Track detector in the environment. M.
recommended maximum levels of radium equivalents Sc. Thesis, Physics Department, Faculty of
for building materials to be used for homes is Btp Science, Alexandria University.

kg™ and for industries is 370-740 Bq kgOresegun Abdelzaher, M., 2011. Seasonal variation of radwell
and Babalola, 1988). The values of effective radium  and radon effective doses in the Catacomb of Kom
content are less than the permissible value of 370 El-ShugafaAlexandria, Egypt. Pramana-J. Phys.,
Bag.kg™, as recommended by Organization for Economic ~ 77: 749-757.

Cooperation and Development (OECD, 1979). Abu-Jarad, F., J.H. Fremlin and R. Bull, 1980. Adst
of radon emitted from building materials using
Comparison of radium equivalent with results in plastic alpha-track detectors. Phys. Med. Biol:, 25

other countries. Table 2 shows a comparison of Ra 683-694. PMID: 7454758
concentration equivalent in the present work withamin, R.M. and M.F. Eissa, 2007. Radon level and

seen that the values of radium content for cemedt a SSNTDs In Sannur cave, Eastern desert of Egypt.
gypsum in the present work are comparable withehos Environ. Monit. Assess. 143: 59-65DOI:
obtained in the countries listed in the table. fhersand 10 1007'/310661'-007-9957'-, ' '

radium content is much lower than the others, eXcepAmrani, D. and M. Tahtat, 2001. Natural radioadyivi
for the Algerian one for sand. . . - . )
in Algerian building materials. Appl. Radiat. Isot.
54: 687-689. PMID: 11225705
Archer, V.E., J.K. Wagoner and F.E. Lundin, 1973.
Lung cancer among uranium miners in the United
States. Health Phys., 25: 351-371.
Bajawa, D., A.K. Goswami |. Laskar, 2009. Radon
exhalation rate studies in Makum coalfield area
using track-etched detectors. Indian J. Phg8;,
1155-1162. DOI: 10.1007/s12648-009-0095-y
Beretka, J. and P.J. Mathew, 1985. Natural radidgct
of Australian building materials, industrial wastes
and by-products. Health Phys., 48: 87-88ID:
3967976
Chen, C.J., P.S. Weng and T.C. Chu, 1993. Radon
exhalation rate from various building materials.
Health Phys., 64: 613-619. PMID: 8491617
El-Zaher, M.A., 2011. Seasonal variation of indcamon
concentration in dwellings of Alexandria city,
Egypt. Egypt. Radiat. Prot Dosim., 143: 56-62.
Fahmia, N.M., M.A. El-Zaherb and A.M. El-Khatiba
2008. Risk assessment from radon gas in the
greenhouses. Proceedings of the 9th Radiation
Physics and Protection Conference, Nov. 15-19,
Nasr City, Cairo, Egypt, pp: 15-19.

CONCLUSION

The can technique using nitrate cellulose (LR-115
II) is a passive and convenient useful tool for
determining the radon exhalation rates as wellhas t
?Ra contents in some sample of building materials.
The results obtained in this survey for local binitd
materials and soil look similar to some availabtad
for building materials and soils reported in literz.
The used building materials should be characteriged
lower radon concentration to avoid the health hdszar
The obtained exhalation rate can be used to estithat
maximum radon concentration in various buildingss |
possible to establish a data base for all building
materials available in a local market using this
technique with low cost for a large-scale natiowctevi
indoor radon screening measurement.
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