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ABSTRACT

Radon concentration, exhalation rate, radium agtind annual effective dose have been measured fro
baked and unbaked bricks and cement samples comraeatl as construction material in the dwellings
of Dera Ismail Khan City, Pakistan. CR-39 based BR&don dosimeters and RAD7 have been used as
passive and active devises. The values of radoxestration for baked, unbaked bricks and cements
obtained from passive and active techniques weuadan good agreement. Average values of radon
exhalation rates in baked, unbaked bricks and cemeere found (1.202+0.212) Bg fmh™,
(1.419+0.230) Bq nfh™ and (0.386+0.117) Bq thh > and their corresponding average radium activity
and annual effective dose were found (0.956+0.1%@kg, (1.13+0.184) Bg/kg, (0.323+0.098) Bqg/kg
and (33.96+5.99) pSv ¥ (40.3%6.51) pSv ¥ and (10.94+3.28) pSv ¥ respectively. Radon
concentration, exhalation rate and their correspandadium activity and annual effective dose were
found higher in unbaked bricks as compared to bdkétks and cement but overall values of radon
exhalation rate, annual effective dose and radictivity were found well below the world average
values of 57.600 Bq thh™, 1100 uSv y* and 370 Bg/kg, respectively.
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1. INTRODUCTION average annual dose has been estimated from natural
radiation sources to the world population. Two-thir
High concentration of radon and its decay productof average annual dose is the internal exposure and
is widely known to be dangerous to human healtis It one-third is external exposure (Wang, 2002).
possibly associated with different types of caraed Inhalation of radon gas and its daughters will esgoo
especially with lung cancer. Emission percentage ofthe lung tissue to short-lived alpha emitting radio
radon into atmosphere coming from a few metersnuclides, which will increase the risk of lung canc
above the ground is at least 80% (Shweikenal., One of the major factors of increasing skin canser
1995). Radon is a natural radioactive gas which isradon gas, where it is due to the deposition obnad
found everywhere and cannot be avoided. It has veryon the skin, the alpha particles are suspected to
serious effects on human health due to large scalenclude damage to the epithelial cell. Kidney rethat
abundance of its parents and its longer half life. diseases have also been observed in some people
Radon has been considered as second leading chuse exposed to radon. The reason is that kidney reseive
lung cancer after smoking (IARC, 2004). A 2.4 mSv the highest dose compared to other body organsi aft
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radon is transferred from the lung to the kidney by Table1l. Cement samples from various factories

blood (Henshavet al., 1990). Sample name Factory name
Different sources are responsible for the presaéfce SS-1 Maple leaf cement
radon and its daughters in houses. One of the majofsS-2 Kohat cement
sources of concentration of radon in houses is theSS-3 Lucky cement
building materials used for construction. Cracksvalls,  SS-4 Askari cement
floors, joints or pipe holes and lines provide ammhel  SS5 Cherrat cement

for radon which flows to the surface and ultimately

" L Table?2. Locati f th llected brick | f
enters houses. In addition, the radon productita ira €< -ocations Of fhe coflecied bricks samples from

. . - various kilns
houses depends on the concentrations in the bgildin -

A 8 . . . Sample name No. of samples Location
materials, subsoil, porosity, density of the uramiand 3567 5 N rad brick
radium activity in materials used for construction 22 ew sarhad bricks

. SS-8,9 do Ahmad khan bricks

(Cartwrightet al., 1978). . SS-10,11 do Azhar bricks

The presence of radon is expected everywhere, bugg_15'13 do Baho bricks
found in high concentration in soil and rocks eheid SS-14,15 do Shabarat bricks
in radium and uranium elements. Most of these soilsss-16,17 do Malik sohail bricks
and rocks are compacted and processed to producgSs-18,19 do New baho bricks
building materials that are used for workplaces andSS-20,21 do Malik bricks _
houses in which we work and live. There are manySS-22,23 do Kerri hamad khan bricks
concerns about the escape of radon from buildingSS-24.25 do Kerri nawab bricks

materials into the workplaces and houses. All metjo
including Pakistan, wuse building materials in 3. EXPERIMENTAL TECHNIQUE
workplaces and houses such as cements, granés, til
clay, sand, bricks and ceramic. If radon emanatech f The collected samples were brought to Laboratory
these materials exceeds the action level of 200nBg.  Of Radiation Physics, Gomal University Dera Ismail
then remedial action should be taken to reducetineal Khan and were dried in oven at 110°C for 24 h to
hazards due to exposure to indoor radon. evaporate all the moisture contents. Bricks samples
Numerous studies in Pakistan have been conducted t@ere crushed and homogenized by passing through
measure radon concentration in air, soil and mgldi Sieve. After processing samples of 500 g each iok&r
materials (Faheerst al., 2010; Nasir and Ahmad, 2012; and cement, they were placed in plastic containérs
Nasir and Shah, 2012; Rafigeteal., 2011a; 2011b; Rahman 27-5 ¢m in height (volume 9.66xT0n’) with sample

et al., 2012). Therefore, the study of radon exhaladiom  Surface area 0.03696(Fig. 1b). The thickness of bricks
building materials commonly used in Dera Ismail Kha in the containers was 1.6 cm and that of cementMas

radon levels into significantly below the actiondé a distance of 25 cm from the surface of the samiples
these containers, so as to account only the radon
2. DETAIL OF SAMPLES contribution and to avoid the role of thoron frotret

surface of sample (Howartt al., 2002). The containers

The main objectives of this study were to measureWere hermetically sealed for 30 days. About 98% of
the radon concentration, radon exhilaration rate,equilibrium level is reached between radium andnad
radium contents and annual effective dose fromkisric during this time period. This resulted in the expesof
and cements used as building materials in Derailsma the radon to variable levels of radon concentraticn,
Khan City, Pakistan. Twenty samples of bricks (both Starting from zero concentration level to equilini
unbaked and baked) were collected from differentlevel). Therefore, effective exposure time was waled
bricks kilns and five representative samples of by using the following relation (Durrani and Ili£997):
cements were collected from different building
materials suppliers in Dera Ismail Khan City. The T,
details on the samples collection of cement aremiv
in Table 1 and that of bricks imTable 2. In Table 1 Where:
cement samples are given the names of SS-1 to SS-5, Mean life of radon (5.5 days)
while in Table 2 SS-6 to SS-24 are baked bricks and t Total exposure length (30 days)
SS-7 to SS-25 are unbaked bricks. A = Decay constant of radon (7.580° h™)

_T(l_ &t )

@)

ffective —
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Fig. 1. Building materials samples under exposure of (aPRAnd (b) CR-39 NTDs

This type of correlation is needed only for closed C(t)[mA+)\V]
system. The effective time calculated from Equatibn R =W (4)
was 588.575 h. {l—e v }

After the exposure, CR-39 detectors were etched in
6N NaOH at 70°Cfor 8 h and studied under optical
microscope at 400x magnification. Where: _ _ )

The track densities were measured using theV = The volume of void space in %Iose con_talne?)(m
following Equation (2): A = The surface area of sample“jnand t is radon

accumulation time in closed container

w = Back diffusion and
ZNi o C(t) = Measurement of radon concentration.
p=-
nA The radium activity of the samples was calculated b

using Equation (5) (Somogyi, 199@bd-Elzaher, 2012):

Where:

A = The area of field of view, Ns the total number of C__,,.=phA . /KTM (%)

tracks and
n = The total number of field of views where, p, h and A are the track density (track/én

distance between the detector and sample (m) aadodr
cross section of container fn respectively. K is the
sensitivity factor (0.2315 tracks ¢fm d*(Bg/nt) %)
G = 2N, (3) (Ismail and Jaafar, 2009).
* nA Annul effective dose from the collected samples was

calculated by using following relation (Ackees al.,
To obtain the track production rate, the measured1984; Khan, 1994):

track density was divided by effective time (58&%ij.
The track density was converted into radon Dg, = t,T(DCF)(S /\%)(1/A,)(0.45- 0.15 )% F< (6)
concentration using calibration factor (Howasehal.,
2002): where, t is the fraction of time a person spent indoor
(0.8), T is total hours in year (8760 h/y), DFCdisse
2.7 track/ctih = 1 kBg/ m conversion factor, (9 nSV.iBq.m™>) or (6 mSv/ WLM)
(UNSCEAR, 2000). §Vr is the ratio of surface area to
Radon exhalation rate was measured for each sampleolume (1.5 to 3.0 M), A, is the constant of ventilation
by using Equation (4) (Rafiquet al., 2011a): (0.3 to 1.0 RY), (0.45-0.151,) is the dimension less

The statistical error was calculated using Equat®)n
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equilibrium factor for radon for the ventilationtean the baked bricks its values varies from (0.1362+0.0XE)
interval of 0.1-2 exchanges per houryg 5 radon m to (0.2837+0.0401) kBq mand (0.110+0.021) kBq
exhalation rate (Bq m h™). To estimate the annual m™ to (0.241+0.098) kBq i, respectively.Table 4

effective dose from the building materials, thddaling represents the radon exhalation rate from unbaked a
constant factors were used: Dimension of room wasbaked bricks calculated by Equation (4). As maynsee
assumed as a chamber with<g&‘3 nt i-e., V = 72n), from the table, radon exhalation rate was found

using &/Vg ratio of 1.5 m'and typical value of the from (1.068+0.202) Bq Mh™ to (2.100+0.282) Bq n
ventilation rate\, of 1 air changes per hour. h™ in the case of unbaked bricks, while for bakedHsj

In order to support the results of Passive techaiqu its values varies from (0.915+0.187) Bq™nh to
RAD7 manufactured by Durridge Company USA was (1.909+0.269) Bq nfh™
used as an active technique at the School of Physic  Table 5 represents the results of radon concentrations
Universiti Sains Malaysia by making small modifioat of cement measured by both techniques and radon
of the designKig. 1a). exhalation rate. Radon concentration measured &g

RAD7 has an air pump and a solid state alphaand active techniques were (0.0794+0.0212) kBYjand
detector which consists of semiconductor material. (0.065+0.021) kBq M for white cement, while in the case
Silicon is usually used as semiconductor matertaiciv =~ of gray cement, its values ranged from (0.04546001
directly converts alpha radiation to an electrisgnal. kBg m to (0.0681+0.0196) kBq thand (0.040+0.013)
Solid state devices have the ability to distinguiation kBg mi* to (0.060+0.020) kBgi, respectively. For white
from thoron by the emitted alpha particle energy.l8°  cement, the value of radon exhalation rate was
was used as a standard unit in this study. (0.511£0.136) Bq i h™, while in the case of gray

For the measurement of radon concentration incement its values were varied from (0.292+0.103)BY
building materials by RAD7, samples of 300 g each h™to (0.438+0.126) Bq ih™.
were placed in a container of 11 cm in height and 6 Radium activity and annul effective dose from bsick
cm in diameter then connected to RAD7 which calculated by Equation (5 and 6), respectively are
enables to degas the radon from the sample insedlo presented inTable 6. The maximum value of radium
loop. Before each measurement, RAD7 was purgedactivity in unbaked bricks was (1.676+0.225) Bqéwp
for ten minutes to reduce the humidity by using the minimum value was (0.853+0.161) Bq/kg, whiléHa
laboratory drying unit. Thirty minutes measuringné case of baked bricks, the maximum value was
at Grab protocol was taken for all samples. (1.524%0.215) Bg/kg and the minimum value was

(0.731+0.149) Bg/kg. Annual effective dose from aikdxd
4 RESULTS

and baked bricks vary from (30.34#5.7) uSv' yo
Table 3 shows the results of radon concentrations of (59.6:8,0) USv ¥ and (25.9t5.3) uSvyto (54.2£7.6)
bricks (both unbaked and baked) obtained by passide

uSv y', respectively. Radium activity and annual
active techniques. The range of radon concentrationeﬁecuve dose in white cement were (0.42720.114)kg
obtained by passive and active techniques in urtbake

and (14.5+3.8) uSv ¥ respectively, while for gray

: ; - [ lues ranged from (0.244+0.086) Batkg t
bricks varies from (0.1588+0.0300) kBq into  Cement its va ‘
(0.3121+0.0420) kBq il and (0.128:0.031) kBq hto  (0-3660.105) Ba/kg and (8.242.9) uSV yo (12.43.5)
(0.291+0.042) kBq M respectively, while in case of HSVY', respectively as given ifiable 7.

Table 3. Radon concentration in baked and unbaked bricks

Radon concentration Radon concentration
(kBqg ni®) (baked) (kBq 1i7) (baked)
RAD7

Radon concentration
(kBqg i) (unbaked)

Radon obrati®n
(kBq 1) (unbaked)

Sample name CR-39 NTDs RAD7 CR-39 NTDs
SS-6,7 0.165+ 0.036 0.1759+0.0315 0.204+0.039 8510.0335
SS-8,9 0.147+0.031 0.1418+0.0283 0.131+0.025 0400318
SS-10,11 0.191+0.037 0.1872+0.0326 0.221+0.037 15520.0348
SS-12,13 0.114+0.028 0.1532+0.0294 0.153+0.0 33 2043+0.0340
SS-14,15 0.189+0.036 0.2213+0.0358 0.216+0.034 497.20.0376
SS-16,17 0.151+0.035 0.1475+0.0289 0.175+0.034 43-4®.0305
SS-18,19 0.241+0.098 0.2837+0.0401 0.291+0.042 20.81.0420
SS-20,21 0.110+0.021 0.1362+0.0278 0.128+0.031 8841.0300
SS-22,23 0.144+0.029 0.1418+0.0283 0.184+0.040 81®40.0321
SS-24,25 0.145+0.030 0.1929+0.0330 0.265+0.045 55320.0380
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Table4. Radon exhalation rate in backed and unbaked sample

Radon Exhalation rate
(Bg m2h™) (baked)

Radon Exhalation rate
(Bq m2h™) (unbaked)

Sample name CR-39 NTDs CR-39 NTDs
SS-6,7 1.183+0.212 1.335+0.225
SS-8,9 0.954+0.190 1.144+0.209
SS-10,11 1.259+0.219 1.450+0.234
SS-12,13 1.031+0.197 1.374+0.228
SS-14,15 1.489+0.240 1.680+0.253
SS-16,17 0.992+0.194 1.106+0.205
SS-18,19 1.909+0.269 2.100+0.282
SS-20,21 0.915+0.187 1.068+0.202
SS-22,23 0.99340.190 1.222+0.216
SS-24,25 1.298+0.222 1.718+0.255

Table 5. Radon concentration and exhalation rate in cersemples

Radon concentration (kBq T

Radon concentration (kBq

Exhalation rate (Bq Mh™)

Sample name CR-39 NTDs RAD7 CR-39 NTDs
SS-1 0.0794+0.0212 0.065+0.021 0.511+0.136
SS-2 0.0454+0.0160 0.040+0.013 0.292+0.103
SS-3 0.0567+0.0179 0.058+0.019 0.36510.115
SS-4 0.0510+0.0170 0.052+0.018 0.328+0.109
SS-5 0.0681+0.0196 0.060+0.020 0.438+0.126

Table 6. Radium activity and Annual effective dose from édland unbaked bricks samples
CR-39 NTDs

Radium activities Radium activities Annual Efigetdose Annual Effective dose

Sample name (Bg/kg) Baked (Bg/kg) unbaked (L3yBaked (USv ) unbaked
SS-6,7 0.944+0.169 1.066+0.180 33.5+6.0 37.946.3
SS-8,9 0.761+0.152 0.914+0.166 27.0%5.3 32.445.9
SS-10,11 1.005+0.175 1.158+0.187 35.7+6.28 41.8+6.
SS-12,13 0.823+0.158 1.097+0.182 29.2+5.59 39.0+6.4
SS-14,15 1.188+0.190 1.341+0.202 42.2+6.8 47.7+7.1
SS-16,17 0.792+0.155 0.883+0.163 28.1+55 31.445.8
SS-18,19 1.524+0.215 1.676+0.225 54.2+7.6 59.6+8.0
SS-20,21 0.731+0.149 0.853%0.161 25,9453 30.3%5.7
SS-22,23 0.761+0.152 0.975+0.172 27.0%5.3 34.7+6.1
SS-24,25 1.036+0.177 1.371+0.204 36.816.3 48.7+7.2
Table 7. Radium activity and annual effective dose from eeta
CR-39 NTDs

Sample name Radium activities (Bg/kg) Annual effectiose (LSVY)
SS-1 0.427+0.114 14.5+3.8
SS-2 0.244+0.086 8.242.9
SS-3 0.305+0.096 10.343.2
SS-4 0.27440.091 9.3+3.0
SS-5 0.366+0.105 12.443.5

5. DISCUSSION 0.917, as shown ifig. 2. The value of the correlation

was statistically significant and 99% confidence
Positive and strong correlation has been observednterval. Data shown infable 4 indicate that radon
between the results of passive and active techeique exhalation rate is comparatively higher in unbaked
The linear correlation value for both techniquesswa bricks while it is lower in baked bricks. It is dte the

244
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fact that radon emanation in the case of unbakadkdr With regards to radon exhalation rate, a largewao
can escape from a few centimetres below the surfacef data has been published in literature. Sombesfe date
and the quantity of radon released from materialsreported by different researchers in different toes are
depends on the internal surface area, while inc®  presented iTable 8. High value of radon exhalation rate
of baked bricks it emanates from the surface Iayer(o_ll Bgq m? h) was reported in unbaked bricks and

(Rﬁwlatt_et aI.,t 1.992' It can allso be_ se?n that raclzlon lower value of radon exhalation rate was repor@@9
exhalation rate in these samples varies from samwple g, 2 1 iy haked bricks in India (Khan, 1994). In the

sample, which is due to porosity of building maaési . .
(Folkerts et al., 1984) and the difference of uranium preseqt work, high \{alue of radon exhalation r .
ound in unbaked bricks and lower values were foind

and radium contents (Ramachandran and Ramu, 1989). ) ) "
The values of white cement were found higher as aked bricks. In Pakistan, (Faheem &matiullah, 2008)

compared to gray cement. It has been observed fornfePorted radon exhalation rates in Punjab (0.2T2#)Bq
the results that like radon exhalation rate, theasof M- h™) and (0.23+10.030 Bq thh™) in bricks and
radium activity and annual effective dose in unlthke cements, respectively. These values of radon etidrala
bricks are higher than that of baked bricks andergm rate are close to the results of the present study.

Table 8. Comparison of radon exhalation rate of buildingerials with previous work

Present work Previous work
Material (Bg m?h™ (Bqm?h™ Country References
Baked Bricks 0.915+0.187 0.09 India (Khan, 1994)
to 0.215 India (Rawat al., 1991)
1.909+0.269 0.245-0.365 Pakistan (Rahmtaad., 2007)
0.212+0.034 Pakistan (Faheem amatiullah, 2008)
0.078 - 0.117 Algeria (Amrani and Cherouati, 999
Unbaked Bricks 1.06810.202 0.11 India (Khan, 1994)
to 0.417 India (Rawat al., 1991)
2.100+0.282
Gray Cement 0.292+0.103 0.083 - 0.140 Algeria (@mand Cherouati, 1999)
to 0.231+0.030 Pakistan (Faheem afatiullah, 2008)
0.438+0.126 0.04 India (Khan, 1994)
White Cement 0.0794+0.0212 - e

0.3000

0.2000

CR39

0.1000

R Sq linear = 0.917

T
0.000 0.050 0.100 0.150 0.200 0.250 0.0300
RAD7

Fig. 2. Linearity between passive and active techniquesasurement of radon concentration

,////4 Science Publications 245 AJAS



Nisar Ahmad et al. / American Journal of AppliedeBces 11 (2): 240-247, 2014

6. CONCLUSION Cartwright, B.G., E.K. Shirk and P.B. Price, 1978.
nuclear-track-recording  polymer  of  unique
Radiological parameters in building materials (ksic sensitivity and resolution. Nucl. Instruments
and cement) locally used in Dera Ismail Khan hasenb Methods, 153: 457-460. DOI: 10.1016/0029-

determined. Radon concentrations were measured by 554X(78)90989-8
passive and active techniques and the resultsnagead Durrani, S.A. and R. llic, 1997. Radon Measurements

agreement. Results obtained from the current stbhdys by Etched Track Detectors: Applications in
that the average radon exhalation rate (1.419+0.B80 Radiation Protection, Earth Sciences and the
m 2 h™, radium activity (1.13+0.184) Bg/kg and annual Environment. 1st Edn., World Scientific
effective dose (40.35+6.51) pSv'yirom unbaked bricks Publishing, Singapure, ISBN-10: 9810226667, pp:
have comparatively higher values as compared tedak 387.

bricks (1.202+0.212) Bq h™, (0.956+0.169) Bg/kg, Faheem, M. andVatiullah, 2008. Radon exhalation
(33.96+5.99) uSvy and cement (0.386+0.117) Bg™m and its dependence on moisture content from
h™, (0.323+0.098) Bg/kg, (10.94+3.28) uSv'y samples of soil and building materials. Radiat.
respectively, but overall values of radon exharatiate, Measurem., 43: 1458-1462. DOI:
radium activity and annual effective dose are betbes 10.1016/j.radmeas.2008.02.023

world average value of 57.600 Bgnh™* (UNSCEAR,  Faheem, M., S.U. Rahman, T. Nasir, S. Rahman and
2000), 370 Bg/kg (OECD, 1979) and 1100 pSv,y Matiullah, 2010. Assessment of lung cancer risk
respectively and thus are safe to be used as mhyildi using weighted average indoor radon levels in six
materials according to the international recommgods. districts of the Punjab Province in Pakistan. Indoo
The values were found minimum for cement samples, Built. Environ., 19: 382-390. DOl:
therefore, from the health point of view it is segted that 10.1177/1420326X10367311

cement houses are safer than mud houses. The fpresefolkerts, K.H., G. Keller and H. Muth, 1984. An
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