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ABSTRACT

Study of indoor radon has been carried out in sdwelings of shatt alarab distract in Basrah Goweaite, using
LR-115 type Il solid state nuclear track detec{&SNTDs). The monitoring of radon has become aajlphenomenon
due to its health hazard effects on population.g.oancer risk depends upon the concentration afrrachd their decay
products in air above recommendation level. Inghesent study the value of concentration of radomes from 19.7 to
195.2 Bqnit with an average value of 75.1 BinThe Potential of Alpha Energy Concentration (PAfCterms of m WL
ranges from 2.1 to 21.1 with an average value bf Bhe annual exposure in terms of WLM ranges f6o@9 to 0.87 with

an average value of 0.3. The annual effective darsges from 0.34 - 3.37 mSi-.with an average value of 1.3 mSv.y
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INTRODUCTION

Radon is a naturally occurring odourless, cologsl¢assteless and chemically inert gas and radiaatiall of its
isotopes, which is imperceptible to our sense. Re2®2?, is produced continuously frdfiRa in the decay series BfU,
being the most important radon isotope in termsadfation exposure, is measured in different emritents to determine
its contribution to human radiation exposure. R2-2®ntributes about 55% of the annual radiatioredosthe general
population (ICRP, 1993). The measurement of radoman’s environment is of interest because ofnt#tang nature of
alpha particles. Radon decays with a half-life 2% days into a series of short-lived daughtedpeced out of which
8pg and*“Po emit high-energy alpha particles which are lyigsiifective in damaging tissues. Inhalation of thes
radionuclide’s represents the main source of exgosie ionizing radiation for population in most cdtes
(Jonsson, 1988). Nationwide measurements of radivites in the indoor air of dwellings are contusly presented all
over the world. As gases the isotopes are mobiliecanry messages over significant distances withénearth and in the

atmosphere, but, on the other side, inhalationbeaa problem to health (Banjanacl et al., 1988).

The fact that radon, when inhaled during breathiagy cause lung cancer in human beings is knovae siriong
time ago. Studies on underground miners have stawincreased risk of lung cancer after exposurkigh doses of

radon and radon daughters (Wichmann et al., 2005).

At sufficiently high concentrations, radon and it particle-emitting decay products (polonium-214,
polonium-218) have been shown to cause lung cameng underground miners, especially those who smigarettes.
There is concern that residential exposures mightelsponsible for a considerable number of lung&adeaths in the

general population (Jay et al., 1994).
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Long-term exposure to elevated indoor radon comagohs has been determined to be the second tpadimse
of lung cancer in adults after tobacco smoking (WEQ09).

Radon exposure variability seems to be affecteddweral factors: soil temperature, soil permeapbititoisture
state, temperature differences between the intemor exterior of buildings, air pressure variatiomsterials used for
building constructions and the degree of ventitatd closed environments, among the most impor{eim. concentration
of indoor radon also depends on the ventilatioa cdtthe dwellings. It is important to note thateduced ventilation rate

helps enhance the concentration of radon andadiggmies in the air (Rohit Mehra and Pankaj Bald320

The sources of indoor radon are soil adjacent ts@pearth-based building materials, domestic watedoor air
and natural gas. However, the soil and buildingemials are considered as mainly responsible fononadoncentration as

other sources generally contribute only a fractibtotal indoor activity (Sharma and Virk, 2001).

The radon gas can enter the body via respiringkohg and eating. The alpha particles emitted lpnagas and
other radiations emitted by its daughter producisrdase the absorbed dose in respiratory and itigesystems.
Since people spend so much of their time indoardpar air is the predominant source for exposurg@dbutants.
More than half of the body’s intake of airborne en&l during a lifetime is the air inhaled in therhe. Thus, most illness

related to environmental exposures stem from inédrogxposure (Komal et al., 2012).

The knowledge of radon levels in dwellings is intpat in assessing population exposure. Indoor radon
concentrations are almost always higher than outdoacentrations. Once inside a building, the radannot easily
escape. The sealing of buildings to conserve enaxdyces the intake of outside air and worsenssitiviation. Radon
levels are generally highest in cellars and bastsriesecause these areas are nearest to the sodregeansually poorly
ventilated. Radon can seep out of the ground aild bp in confined spaces, particularly undergrouad. in basements
of buildings, caves, mines, etc., and ground flowitdings. High concentrations can also be founduidings because
they are usually at slightly lower pressure tham shrrounding atmosphere and so tend to suck ionréidom the soil)
through cracks or gaps in the floor.

METHODS

The method involved exposure of the film to thedoadenvironment for a known period of time, durimgich the
alpha particles from radon and its daughters wdeddve tracks on the film. LR-115 type Il solid statuclear track
detectors (SSNTDs) were employed for measuring rddon concentration. The detector films having ze sof
1.5 cm x 1.5 cm were fixed on glass slides and these slides were mounted on the walls in diffecerellings at a
height of about 2m from the ground with their séwsisurface facing the air, in bare mode, taking dare that there was

nothing to obstruct the detectors.

After the exposure of detectors for 3 months theetectors were removed and etched in 2.5 NaOH foiirRa
constant temperature bath (6D C°) and after a thorough washing they were scannedrdck density measurements
using optical microscope at a magnification of 408k o-particles that reach the LR-115 type Il SSNTDshveatresidual
energy between (1.6-4.7). MeV are registered aghbtrack holes.
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An unexposed film of the LR-115 was also etched szahned for the determination of background tdeaksity
of the film. This background track density was fdun be very small and was subtracted from the rebsgevalue of the

readings.

The potential alpha energy concentration (PAEC) determined using the expression:
=
C,(WL) = o

Wherep is the track density (number of tracks per’cwbtained after subtracting the background, Khis t
sensitivity factor or calibration factor preferalfiyund by a calibration experiment and t is thaltdime of exposure.
Sensitivity factor was found by simulating the eowimental conditions in the Environmental Assesgnfdxision of
Bhabha Atomic Research Centre (Shakir Khan e2@08).

A sensitivity factor of 625 tracks/cma™* per WL was used for evaluating the working lew&L) concentration of

radon progeny. The radon concentrations in Bhwere calculated by using the relation:-

_ 3700xXWL

CRn(Bq- m_3) F

Where F is the equilibrium factor. The value of &waken to be 0.40 as recommended by (UNSCEAR))200

The annual exposure to potential alpha energy Eecfteve dose equivalent) is then related to therage radon

concentration &, by following expression (Jyoti Sharma et al., 2012

1= TXnxFXCRrp
170x3700

E,[WLM.y !
T: Is the indoor occupancy time (24hx365 = 8760'h.y

n: Is the indoor occupancy factor (0.8).

The effective dose received by the bronchial arichpoary regions of human lungs has been calculaséty a
conversion factor of 3.88mSv/WLM (ICRP-65, 1993).

RESULTS AND DISCUSSIONS

Table 1 presents the measurements made for PAREsvaf radon daughters in WL units, radon concéatran
Bgm®, Annual exposure in WLM and annual effective dosenSv.y-1 to the occupant of the dwellings of $idarab
distract in Basrah Governorate. For the preseitysithere the observation were taken from Octobéddoember, 2013.
The houses were selected at random situated atetiff areas. The PAEC obtained values vary fromt221.1) mWL
with an average value of 8.1 mWL. The significaalue of radon activity varies from 19.7 to 195.nBtwith an average
value of 75.1 Bgri. Annual exposure varies from 0.09 to 0.87 WLM withaverage value of 0.3 WLM. Annual effective
dose varies from 0.34 to 3.37 mSV.yith an average value of 1.3 mSv.yResults show higher indoor radon levels and
radon effective does especially in kitchen as coegb#o other locations. High values of radon attimiay be due to use
of water and cooking gas in kitchen. Gas, whetlauanal or from oil, comes from ground and contamsany radioactive
elements. Radon concentration was found to be biwdsed room. High values of radon activity in @tlrooms in some

dwellings may be due to ventilation conditionsto type of building materials.
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Commission on Radiation Protection (ICRP, 1993)re@emmended that remedial action against radontadogeny is

justified above a continued effective dose of 37i®v.y" has been proposed. The action level for radonigcshould be

The main object of this measurement was to seeomdadon level and its daughters. The International

in the range 200-300 Bq:M{ICRP, 2009). The measured values are below tt@mmended ICRP action levels.

Table 1: Values of Indoor Radon Concentration in Dvellings

- Annual
P PAEC Radon Activit Annual Exposure ;
House (Tem2d™ | (mwi) Bamd) WMy Eﬁfn‘its"\’ley?)ose
kitchen 2353+0.2| 3.8+£0.2p 34.8+2.3 0.16&10. 0.60 +0.04
1 | Reception room 1.711+01 2.7+£0.22 25.3+ 2.0 $0D1 0.44+0.03
Bedroom 2.139 £0.2 3.4+ 0.24 31.7+2.2 0.14+0.01 .5580.04
kitchen 3.851+ 0.2 6.2+ 0.32 57.0+ 3.0 0.25+ 0.01 .9980.04
2 | Reception room 2.995+ 0.2 4.8+ 0.29 44.3+ 2.6 0.0@4 0.77+0.05
Bedroom 2.781+0.2| 4.5+0.28 41.2+ 2.6 0.18+0.01 .7180.04
kitchen 2.540+ 0.1 4.1+ 0.2( 37.6+1.8 0.17+0.01 .6580.03
3 | Reception room 1.814+ 0.1 2.9+ 0.17 26.9+ 1.6 0024 0.46+0.03
Bedroom 1.451+ 0.1 2.3+ 0.1% 21.5+1.4 0.10+ 0.01 .3780.02
kitchen 2.493+ 0.2 4.0+ 0.21 36.9+ 2.3 0.16+0.01 .6480.04
4 | Reception room 4.602+ 0.2 7.4+ 0.34 68.1+ 3.1 0.0mi 1.18+0.05
Bedroom 2.876+0.2| 4.6+0.27 42.6+ 2.5 0.19+0.01 .7480.04
kitchen 4,193+ 0.3 6.7+ 0.43 62.1+ 4.0 0.28+ 0.02 .0710.07
5 | Reception room 3.494+ 0.2 5.6+ 0.40 51.7+ 3.7 0232 0.89+0.06
Bedroom 3.494+ 0.2 5.6+ 0.40 51.7+ 3.7 0.23+ 0.02 .8980.06
kitchen 6.289+ 0.4| 10.1+0.6b 93.1+ 6.0 0.41+0.03 1.61+0.10
6 | Reception room 6.813+ 0.4 10.9+0.68 100.8% 6.3 58@.03 1.74+0.11
Bedroom 4717+ 0.4 7.5+ 0.56 69.8+ 5.2 0.31+0.02 .2110.09
kitchen 12.58+0.6| 20.1+0.92 186.2+ 8.5 0.83+ 0.04 3.22+0.15
7 | Reception room 5.765+ 0.4 9.2+ 0.62 85.3+ 5.8 0388 1.48+0.10
Bedroom 12.58+ 0.6| 20.1+0.92 186.2+ 8.5 0.83+0.04 3.22+0.15
kitchen 4,193+ 0.3 6.7+ 0.53 62.1+ 4.9 0.28+ 0.02 .0710.08
8 | Reception room 4717+ 0.4 7.5+ 0.56 69.8+ 5.2 0302 1.21+0.09
Bedroom 5.241+ 0.4 8.4+ 0.59 77.6+5.5 0.35+ 0.02 .3440.09
kitchen 9.13+ 0.5 14.6+ 0.7[7 135.1+ 7.1 0.60+ 0.03 2.34+0.12
9 | Reception room 9.637+ 0.9 15.4+0.}79 142.6% 7.3 40®.03 2.47+0.13
Bedroom 13.19+ 0.6| 21.1+0.93 195.2+ 8.6 0.87+0.04 3.37+0.15
kitchen 4.492+ 0.3 7.2+ 0.51 66.5+ 4.7 0.30+ 0.02 .1520.08
10 | Reception room 6.289+ 0.4 10.1+0.60 93.1+ 5.6 D@02 1.61+0.10
Bedroom 8.535+0.4| 13.7£0.70 126.3+ 6.5 0.56+ 0.03 2.18+0.11
kitchen 5.169+ 0.3 8.3+ 0.53 76.5+ 4.9 0.34+ 0.02 .3210.09
11 | Reception room 7.754+ 0.4 12.4+0.65 114.8+ 6.0 10303 1.98+0.10
Bedroom 7.323£ 04| 11.7+0.64 108.4+ 5.9 0.48+ 0.03 1.87+0.10
kitchen 4,793+ 0.4 7.7+ 0.57 70.9+5.3 0.32+ 0.02 .2310.09
12 | Reception room 4,764+ 0.4 7.6+ 0.56 70.5+ 5.2 008D2 1.22+0.09
Bedroom 4.694+ 0.3 7.5+ 0.53 69.5+ 4.9 0.31+0.02 .2040.08
kitchen 6.594+ 0.4| 10.5%0.6b 97.6+6.1 0.43+ 0.03 1.69+0.10
13 | Reception room 5.072+ 0.4 8.1+ 0.57 75.1+5.3 0332 1.30£0.09
Bedroom 6.086+ 0.4 9.7+ 0.63 90.1+5.8 0.40+ 0.03 .5640.10
kitchen 4.043+ 0.3 6.5+ 0.44§ 59.8+ 4.5 0.27+0.02 .0310.08
14 | Reception room 2.246+ 0.2 3.6+ 0.36 33.2+ 3.3 0.004 0.57+0.06
Bedroom 5.391+ 0.3 8.6+ 0.56 79.8+5.2 0.36+ 0.02 .3840.09
kitchen 5.765+ 0.4 9.2+ 0.62 85.3+ 5.8 0.38+ 0.03 .4810.10
15 | Reception room 6.289+ 0.4 10.1+0.65 93.1+ 6.0 HA.03 1.61+0.10
Bedroom 3.145+ 0.3 5.0+ 0.46 46.5+ 4.2 0.21+0.02 .8080.07
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Table 1: Contd.,
kitchen 3.431£ 0.3 5.5+ 0.5( 50.8£ 4.6 0.23+£ 0.02 .88@0.08
16 | Reception room 3.316%£ 0.3 5.3+ 0.49 49.1+£ 4.6 0.222 0.85+0.08
Bedroom 3.202+ 0.3 5.1+ 0.48 474+ 4.5 0.21+0.02 .8260.08
kitchen 4,523+ 0.3 7.2+ 0.55 66.9t 5.1 0.30+ 0.02 .1630.09
17 | Reception room 4.431+ 0.3 7.1+ 0.55 65.6£ 5.0 0.29°2 1.13+0.09
Bedroom 4.021+ 0.3 6.4+ 0.52 59.5+ 4.8 0.27+0.02 .0310.08
Reception room 4.632+ 0.3 7.4+ 0.56 68.6+ 5.2 08D2 1.19+0.09
Bedroom 4.965+ 0.4 7.9+ 0.58 73.5£5.3 0.33%£0.02 .27%0.09
kitchen 6.202+ 0.4 9.9+ 0.65 91.8+ 6.0 0.41+ 0.03 .59%0.10
19 | Reception room 5.431+ 0.4 8.7+ 0.60 80.4+ 5.6 00382 1.394£0.10
Bedroom 5.072+£ 0.4 8.1+ 0.58 75.1+54 0.33%£0.02 .30%0.09
kitchen 6.121+ 0.4 9.8+ 0.64 90.6x£ 5.9 0.40+ 0.03 .57%0.10
20 | Reception room 4.693+ 0.4 7.5+ 0.56 69.5+ 5.2 0302 1.20£0.09
Bedroom 5.932+ 0.4 9.5+ 0.63 87.8+5.8 0.39£ 0.03 .5210.10

CONCLUSIONS

The values of radon concentration, inhalation dasd annual effective dose do not show major concern
Our results have been found lower when comparéidetother authors (Ammar and Hana, 2010). Fronpthsent work it
has been concluded that the radon levels in runthivgjling having maximum and minimum in bedroome™Malues are
found to be lower than the action levels (3-10 ig@yvrecommended by (ICRP, 1993).
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