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ABSTRACT

Indoor radon studies have been carried out in somvellings of Jazan province, Saudi Arabia using ERplastic
track detectors. The study has been undertakethépurpose of health risk assessments. The CR:t88tdrs were
placed in the bedrooms, guest rooms and living syand exposed for one year. The annual averagmingdon
concentration in dwellings varies from 18.245.54b.4+10.4 Bqri with a mean value of 3146.6 Bginwhich is
well within the recommended action level. The sealseariations of indoor radon reveal the maximuaiues in
winter and minimum in summer. Mean concentratiansant to 27.4, 35.7 and 31.7 Bgmthe living rooms, guest
rooms and bedrooms, respectively. The lowest radmeentration (22.7#4.9 Bq M was found in Jizan, whereas
the highest was found in Samtah (35.748.2 BY).ffihe annual estimated effective dose receivetidyesidents of
the studied area was found to vary from 0.47 + @®3.06 +0.14 mSv 'y with the mean value of 0.8040.08 mSyv
y 1. The lifetime fatality risk is found to vary frdd29 to 0.65%. The results have been comparedthéthesults
reported in other areas of the same country andtirers countries. All the values of radon conceiitrg effective
dose and fatality risk in all dwellings under tesere found to be quite lower than the permissitddue
recommended by UNSCEAR and ICRP.
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INTRODUCTION

Radon §Rr?3 is an inert naturally occurring radioactive gasduced by the decay of radium-226, resulting fitsel
from the radioactive decay 6fU. It has a half-life of 3.82 days and disintegsay emission of alpha particles of
energy 5.5 MeV. This ga$°fRn) is produced in the soil and diffuses insidedesibefore it decays. However, radon
gas is penetrating inside houses through the ogemmthe concrete basement structure; the coratemtrcan reach
high levels if air exchange is reduced.

Indoor radon levels are governed by different patens such as atmospheric conditions, seasonaltisits

(different ventilation, different exhalation by Bplocal geology, building features (types of lolilg materials used,
the height of the considered floor, orientationtted house) and the habits of the house occupaetser@lly, the
radon levels are different in different rooms of game houdé].

Radon and its short-lived daughters are considéwete responsible for a significant dose to humemds,
especially when they are in enclosed areas likessaunderground mines, poorly designed and badtyilated
houses. People generally spend most of their timiedoor areas, and therefore measurement of indalam level
is very important. The measurement of radon comagah in the dwellings and in the environment hasumed
ever increasing importance all over the world duehe fact that the inhalation of indoor radon &sdprogeny
contribute a major fraction, nearly 60% of the k@ackground radiation dose to the human being [2].
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The health effects of radon are caused by its fadioactive decay products inhaled and depositettheénlungs
causes damage as the emitted alpha particles #tekieing tissues, resulting in lung cancer inltrgy term [3-5].
The associated risk is the induction of lung caraftar 10-20 years of latency. In recent yearscthrecern about
this risk has grown and epidemiological studiesehlagen conducted to assess the relation between eagbosure
and lung cancer rate. The assessment of radiolog&arelated to inhalation of radon and its pnoges based
mainly on the integrated measurement of radon [6-7]

For health risk assessment, indoor radon level ureagents were carried out in a number of dwellinfdazan
province for a period of 1 year. 10 villages/tovemsl five houses in each village/towns were chosetthke present
study. The annual exposure to the occupants, theahmffective dose received by the population gedlifetime

fatality risk estimations have been assessed. Miporitance of this study is increased because kimiterk was

carried out in this area.

Studied area

Jazan is one of the provinces of Saudi Arabia witiotal population of 1.5 million peoples and at@457 kmz.
The capital is the Jizan city. It stretches som@ 80 along the southern Red Sea coast, just nétfeimen. The
province Jazan is situated between 42@3east longitude and 16°23" north latitudes (Figure 1). The weather in
Jazan is hot in the summer and mild in the wintée coastal regions of Jazan province are partitafriiah,
probably the hottest place in the country, with mesximum temperatures ranging from 40°C in Julg16C in
January. High humidity from coastal lagoons makég tlimate, even less bearable than it would be
otherwise. Rainfall is extremely low at less th&miillimeters (3 inches) per year [8].

Types of houses

Most houses in the study area are apartments d@adhéel houses. These types of houses are conougtesh The
concrete houses are built using sand, cement,dnokrble and concrete as constructional matetialnost of the
houses the roofs are made concrete and are aght lediabout 2.5-3.25 m above ground. Each housetwa to
four rooms with common walls and, in some casdsrdéonnected doors.
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Fig. 1. Themap showing the area surveyed during the present westigations
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Selection of sampling sites

In order to conduct present indoor radon measuresignvey, 50 houses were carefully selected. Thoécehof
houses was based on our convenience, the willisgofethe dwellers and its location within the sattlarea. CR-39
detectors were installed in bedroom, guest roorddigimg rooms of each house.

MATERIALS AND METHODS

For indoor radon level measurements CR-39 nuchaak tdetectors (NTDs) were used (Intercast, 1tal¢00um
thick). Solid state track detector CR-39 is usedeli in the field of health physics, such as fataa monitoring or
neutron dosimetry. Alpha track detectors are ngeesive, reliable and easy to use. The passivenrddsimeter
geometry is a closed chamber into which radon siéffu[9]. The schematic diagram of the chamber ésvshin
Figure 2. The NTD has an area of 2155 cnf which is fixed by double-stick tape in the dosierefThe chamber
has been covered fiberglass filter to allow theoradas to pass and stop the aerosol and théf8n( T,, = 55.6 s)
from entering the cup. The exposure time in all ¢liees was almost one complete year, from May 2@l 3une
2014 in the dwellings at a height of 2 m above goblevel and ~1 m below the ceilings and away ftbenwalls so
that the direct alpha particles from the buildingtemial of the dwellings did not reach the deteclidte CR-39
NTDs were detached from all the collected dosinsetdter 6 months and another fresh batch of detestas
installed in the same locations, and were chenyicgthed in 30% KOH, at 70 for 6 h. The counting of tracks
was done manually under an optical microscope. Radacentration can be determined by countingrémeks in a
given area. In order to obtain realistic statistiéghe tracks, 100 fields of view were selecteddcanly on the
detector surface. The individual error of radon sueaments was estimated at less than 10%. Theratidit
process for the dosimeter of this type and dimerssiwas done in a previous work [10] in order t& kihe obtained
track intensity with radon concentration.
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Fig. 2. Scheme of the BfS passive radon diffusiomamber
RESULTS AND DISCUSSION

The measurements were made in 50 dwellings in l&geis/towns of Jazan province for a period of aryduring
the two seasons: winter and summer. The resutteesE measurements are shown in Tables 1-3.

Table 1. The average indoor radon levelsBgm™) recorded in towns/villages of the Jazan province

. . Winter Summer

S.N location No of dwellings vin T Max | Mean value £SDI Min. T Max. | Mean value <SD Average annual Rn con.
1 Al karbus 5 20.3 | 41.2 33.3£8.3 21.3 | 38.5 26.316.6 29.846.5
2 Baish 5 16.7 | 43.3 29.446.5 20.6 | 40.7 27.245.9 28.315.6
3 Almabooj 5 26.5| 50.6 32.5+8.7 18.6 | 36.4 28.8+8.6 30.7+6.2
4 Samtah 5 23.9 | 47.3 37.7+£11.3 24.4 | 429 33.6£10.1 35.7+8.2
5 Sabya 5 21.4| 48.8 30.5+7.6 19.8 | 39.7 28.1+7.9 29.31+5.9
6 Jizan 5 20.4 | 335 27.246.3 13.4 | 28.3 18.2+5.5 22.7+4.9
7 Abu Arish 5 25.3 | 48.7 41.4+10.4 24.8 | 38.6 29.6+8.9 35.5+8.2
8 Al madaya 5 27.6 | 45.2 35.7410.7 21.3 | 405 32.5+10.4 34.1+8.5
9 Al-Ahad 5 17.8 | 39.5 34.619.3 20.4 | 41.6 30.2+7.6 32.4+7.1
10 | Dhamad 5 22.2| 37.8 33.248.6 13.5| 38.7 30.3+8.5 31.846.1
Mean 31.0+6.6

The range of indoor radon concentration varies f@hv+4.9 in Jizan city to 35.7+8.2 Bqirin Samtah village
with the geometric mean value of 31 BdniThe * values represent the standard deviatioe. alerage annual
indoor radon activity in all the villages of theidy area is found to be in the range of the avevagees reported for
the dwellings worldwide [2], but are smaller thdrde reported for Hafr Al-Batin [11] in Saudi ArabiThe
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difference in the values of indoor radon activitayralso be due to the different ventilation comdis, the nature
and type of building materials used during condtomcand the variation in the radioactivity conterftthe soil

beneath the dwellings. The seasonal variationsadar radon concentration in dwellings of differsiitages are
given in Table 1. Figure 3 represents the frequedisiribution of the annual average radon concéptrdevels

among the 50 dwellings of the study area. The ramortentration values fall in the ranges 10-20,320-30—40,

40-50 and 50-60 Bq thin 10, 36, 26, 22 and 6% of the houses.

No. of dwellings

0-10 11-20. 21-30 31-40 41-50 51-60

Radon Concentration (qu's)

Fig. 3.Frequency distribution of indoor radon concentration (Bq m®) in dwellings of different villages/towns of thelazan province

Table 2. Summary statistics of radon exposur@NLM y =), annual effective dos¢mSv y?) and excess lifetime cancer risk (%)

Winter Summer
Location d No .Of Radon daughter Effective dose ELCR Radon daughter Effective dose ELCR
wellings exposure (mSvy?) % exposure (MSwy?) %
WLM y * vy WLMy * vy 0
Al karbus 5 0.15 0.85+0.09 0.52 0.12 0.67+0.07 0.41
Baish 5 0.13 0.75+0.07 0.46 0.12 0.70+0.08 0.4p
Almabooj 5 0.14 0.83+0.10 0.51 0.13 0.74+0.07 0.45
Samtah 5 0.17 0.97+0.12 0.59 0.15 0.86+0.13 0.52
Sabya 5 0.14 0.78+0.08 0.48 0.13 0.72+0.06 0.44
Jizan 5 0.12 0.70+0.08 0.42 0.10 0.47+0.05 0.2B
Abu arish 5 0.18 1.06+0.14 0.65 0.13 0.76+0.07 0.46
Al madaya 5 0.16 0.91+0.11 0.56 0.14 0.83+0.09 0.51
Al-Ahad 5 0.15 0.89+0.09 0.54 0.13 0.77+0.08 0.47
Dhamad 5 0.15 0.85+0.09 0.52 0.13 0.78+0.09 0.47
Average 0.15 0.86+0.08 0.53 0.13 0.73+0.07 0.4¢4

The maximum value of radon concentration was olesbruring the winter season and minimum during the
summer season. This was because all the dwelliege well air-conditioned by independent type ainditioners
throughout the day because the temperature andditym$ high during summer. The operation of the ai
conditioner can increase the air exchange betweimdoor and outdoor air through the pressuresdrand hence
reduce radon levels [12]. While in winter seasanweather is moderate and the air conditionerfimokt time, but
the windows are closed all time because the pressmme dust in air, so the ventilation was poaiirter.

Figure 4 shows the variation of radon concentratifum different types of rooms in the Jazan regi®nest rooms

have a slightly higher radon concentration amomgist with an average of about 35.7 BYywhile a lower average
concentration of about 27.4 Bghwas found in living rooms. This may be becauseghest rooms are normally
less ventilated than the living rooms because #reyclosed most of the time to be ready for unebgoeguests and
to keep its expensive furniture away from dust. Bechs are less used than living rooms, but mord tlsn guest

rooms and therefore their average radon concemtrédlls in between.

45
Pelagia Research Library



Rafat M. Amin Adv. Appl. Sci. Res., 2015, 6(7):42-48

T
- living room
I ved room
I Guest room

40 -

35—-
30—-
25—-
20—-
15—-

104

Radon concentration (qu'3)

A X > O
o 5'6“\%\“@6& N\ o

(o}
2
X \

)
RO

S S o \\!
oo \\g&“‘) ¥ g Wi

Fig. 4. Distribution of average radon concentration(Bq m®) in living, bed and guest rooms afazan province

For clarity, these values are also mentioned inl&'&b The average radon concentration in livingmep guest
rooms and bedrooms of the ten villages is withaworld average of 40 Bqth Average radon levels, keeping the
occupancy factor in view, were also calculated, thedresults obtained are shown in table 3.

Table 3. Indoor radon concentration for different kinds of rooms in Jazan province

Kind of room | Min. con. | Max con. A"era%e Indoor occupancy* | WLM y* | ELCR% Effective dose
(Bgqm™) (mSv)
Living room 17.9 50.6 27.4 0.42 0.064 0.22 0.37
Bedroom 19.6 53.3 317 0.34 0.060 0.21 0.35
Guest room 19.6 55.2 35.7 0.05 0.01( 0.0 0.057

“Under the assumption that on average, the peoptledrinvestigation area stay in bedrooms for &Hiving rooms for 10 h and in guest rooms
for one hour.

Radiation Dose Estimation
The exposure to radon daughters in the Jazan dwgslican be calculated on the basis of the meagsacdah
concentration using the following equation and BRéthodology [13].

Ep=Cgx FXnx (27 x 1074 x 22

1)

whereEg is exposure to radon daughters in WLM@, is the radon concentration in Bqimn2.7 x 10*is the factor
for the conversion of radon concentration to the p# Bq m°, F is the equilibrium factor (0.4 for indoon),is the
occupancy factor, 8760 indicates total hours inydeer, and 170 indicates the total working hoursnpenth.

The annual effective dose due to radon in the dingelhas been estimated using the following fornfildd:

De=Eg x DCF (2)

where,Dg is the annual effective dose (mSW)ydue to radon daughterSg is the exposure to radon daughter in
WLM y™ as per equation (1) ardiCF is the dose conversion factor (mSv per WLM). Fa tletermination of
effective doses in the dwellings, the dose conwearfactor of 5.75 mSv per WLM [2] has been used.

The excess lifetime cancer risk (ELCR) due to radrposure of the population in the dwellings watedrined
using the following equation based on the methagipltescribed in EPA report [13].
ELCR=Eg x T x Fg 3
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where,Eg is the exposure to radon daughter in WLM as per equation (47, is the average life time expectancy,
that is about 67 years in Saudi Arabia &rds the risk coefficient factor for exposure to@adn equilibrium with

its progeny. Based on the recommendations of IGRFE is taken as 5 x IHper WLM [15].

Using Eqs 1-3, radon daughter exposure, effectdse énd corresponding lung cancer risk in the diwgslin the
study area have been estimated and summarizedlia ZaThe average value of exposure rate to rddoghters is
lower than the values reported from other regiorthé Saudi Arabia [16]. The values of annual éffecdoses thus
calculated for radon inhalation by the inhabitantse found to vary in the range 0.47-1.06 mSv &itinean of
0.85+0.08 and 0.73+0.07 mSv in winter and sumnexpectively. Overall mean effective dose for theligd area
was found as 0.80 + 0.07 mSv.yThe effective dose and the excess lung candes eistimated from 50 dwellings
surveyed are presented in Table 2. According to OESR [2], the worldwide average dose due to inlafabf
radon and its decay product is 1.15 mSv Vherefore, the dose received by population ingetd in the Jazan
region of Saudi Arabia lies below the worldwide @ge dose limit.

To estimate the annual effective radon doses ifergiit room types, it is necessary to partition ihdoor
occupancy factor among them. Table 3 shows thisitipaing as well as the annual effective radonedosThe
minimum value of the annual radon dose was in gresnhs and the maximum value was in living roomisese
results reverse the average radon concentratiattgdsecause the indoor occupation factor playsrgrortant role
in determining the annual radon dose.

The mean excess lung cancer risk estimated bywbik was found to range between 0.28 and 0.65% with
average value of 0.49%. The average of ExcessiniéeCancer RiskELCR) is very small as compared with the
estimated risk of 1.3% due to a radon exposuret8fBg m(action level of EPA) for the entire population J13

Table 4. The comparison of mean radon concentrations in indar air samples,annual effective dose andexcess lifetime cancer risk with

different countries

S. No. Country Mean Radon concentration (Bgi) | H (mSvy?) | ELCR%
1 India [17] 132.84 2.27 0.18
2 India [18] 60.57 1.15 0.89
3 UK [19] 20 - -

4 Sudan [20] 49 1.3 1.04

5 Jordan [21] 39 0.99 -

6 Jordan [22] 36.3 0.92

7 Nigeria [23] 257 6.5 -

8 Egypt [10] 46 1.74 0.68

9 Pakistan [24] 82 2.06 -
10 Saudi Arabiadafr Al-Batin) [11] 21 - -

11 Saudi Arabidghafji) [11] 40 - -

12 Saudi Arabia (Jeddah) [16] 36 0.61 0.47
13 Saudi Arabidiyadh)[25] 24.68 0.62 -

14 Saudi Arabia (Present study) 30.80 0.79 0.4

h

A comparison of the current results with data regabfor other parts of the world is made in Tahl€€dmparison
with the international data suggests that the @eemeasured indoor radon concentration values dpan] are
higher than those reported for the UK (20 Bd)rand KSA - Hafr Al Batin (21 Bq i) [19, 11]. On the other hand,
indoor radon concentration values obtained fromctimeent survey are less than the values repoaieddme other
parts of the world like India (133 Bq#) Nigeria (257 Bq i) and Pakistan(138 Bq[17, 23, 26].

CONCLUSION

In the present study, we have measured the valuesion levels in the indoor environment of somesliiwgs of
Jazan province in Saudi Arabia. Annual effectiveadbas also been calculated for the occupanteséttiwellings.
It has been observed that province Jazan hasvediatiigher indoor radon levels as compared taother provinces
(Riyadh, Hafr Al-Batin) as measured by other resea@roups. Overall arithmetic mean of the presantey (31.0
+ 6.6 Bq m) is lower than the typical global indoor radondey40 Bg m?). The maximum value of the indoor
radon concentration is observed during the wintdrgreas minimum concentration value has been obdérnvthe
summer season. The maximum values were found istgaems and minimum values were found in livingns.
The annual effective dose received by the residenthe study area is less than even the lowert lohithe
recommended action level (3—10 mSv). The ventifationditions of the dwellings play an importanerai order to
decide the values of indoor radon concentrationedfettive dose. The ELR due to indoor radon isimithe limits
and does not pose any serious threat to the octup@onsequently, the relative lung cancer riskmfradon
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exposure is low in these buildings and they cacdresidered safe when the hazardous health efféctdon are
concerned.
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