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ABSTRACT

We develop a new method to measure alpha- andasétaties per unit volume of indoor air due to oagthoron
and their progenies using LR-115 type Il and CRs8kd state nuclear track detectors (SSNTDs). énpresent study we
fuond in Al-bradhia Region in Basrah Governoratad), the value of radon concentrations ranges #arBq.n° to 178
Bq.m?® with an average value of 107 B¢’with standard deviation 38 Bg-inThe value of thoron concentrations ranges
from 2 Bq.m? to 15 Bq.nT with an average value of 9 Bqwith standard deviation 3 Bg:n
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INTRODUCTION

According to the UNSCEAR Report 2000, the world meéannual effective dose due to the inhalatioradbn,
thoron and their decay products is estimated th.BenSv. This value corresponds to a half of thal tf natural radiation
exposure. In general, indoor radon concentratiahtha occupancy factor are larger than those afamrtenvironments.
It has been widely from many surveys that the ddse to indoor radon is much larger than that dueutdoor
(UNSCEAR, 2000).

The protection from radon has become importantialiihgs and workplaces. Radon monitoring in thestliwgs
and workplaces has started all over the world @ficcentinuing in some countries. Thoron, an igmof radon produced
in thorium disintegration series, was neglectediexanecause of its shorter half life (55.6 s). Bater thoron progeny was

also found to be hazardous and thoron was inclim#te dose estimations (Godaymi and Al-Khalifal 2D

Knowledge on the distribution of radon and thororthie dwellings and workplaces is useful in estingathe
inhalation dose due to them. On the other hand,itkeor life is mainly divided into dwelling and fafe lives.
(K. Vinay Kumar Reddy et al. 2012).

Although radon and thoron are chemically inert alattrically uncharged, when the resulting atorafied radon
and thoron progeny, are formed, they are eleclyicdlarged and can attach themselves to tiny daictes (aerosols) in
indoor air and gets traped in the tracia broncéyatem during inhalation there. Alpha particlesxfrthe decay of radon
and thoron progeny irradiating the bronchial tissué is constitutes a significant radiation haz&wchuman lungs and
occurrence of lungs cancer and that are depositéteilungs cannot reach any other organs, sdiltelly that lung cancer
is the only potential important cancer hazard pdsechdon in indoor air (BEIR-VI 1999 and Mohd Zubet al, 2011).

Method of the Study

In the present study to measure indoor radon aobthconcentration, we used a method based on tsimg
track detectors having different sensitivities CR#hd LR-115 (M. Amrane et al., 2013, A.F. Hafed &h.A. Naim,
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1992). Film track detector (LR-115 type Il) is dlglwse nitrate (GH,OgN,) film of 12 um thickness manufactured by
Kodak Path, France. The CR-39 SSNTD (508 thick) is the diglycol carbonate {£1,50;) supplied by Pershore
Mouldings Ltd., UK. These plastics films of sizel-b cmx1.5 cm were fixed on glass slides and theget slides were
mounted on the walls of different dwellings at aghé of about 2m from the ground level with the@nsitive surfaces
facing the air in bare mode, taking due care thaitet was nothing to obstruct the detectors. Foptasent study where the
observation were taken from October to Decembel32@fter an exposure time of 3 months, detectbndiwere

removed and etched in a NaOH solution (2.5N atB@ for 120 min for LR-115 type Il films and 6.25& 70+1 C

during 7 h for the CR-39 detectors) in a constantgerature bath. Then these SSNTDs were washed, aind scanned

under a binocular microscope for track density messents.

An unexposed film of the LR-115, CR-39 was alsdettand scanned for the determination of backgroand
density of the film. This background track densitys subtracted from the observed value of the ngadi

For our experimental etching conditions, the residihickness of the LR-115 type Il film is pm which
corresponds to the lowdE,,, =1.6 MeV) and upper(E.x = 47MeV) energy limits for registration of tracks of alpha
particles in LR-115 type Il films. Alk-particles that reach the LR-115 SSNTD with a reaignergy situated between 1.6
and 4.7MeV are registered as bright track-holee TIR-39 SSNTD is sensitive to altparticles reaching its surface

under an angle smaller than its critical angletofilmg (M. A. Misdaq and A. Chaougqi, 2013).
Theoretical Approach

Let radionuclide distributed homogeneously throughdetection volume or effective volume in front thie
detector. LetdlV be an elementary volume situated at a distanocem & point O on the surface elemdsbf the detector

(figure.1).
In spherical coordinates;
dV =r?sin8 dr d@ d¢ 1)

The Solid Angled® betweendV and dsis Defined as

o = ff, <%ds )

Y r2

Let dN represent the number afparticles i-th with an enerdy,; emitted from the radioactive nuclei during the

exposure timetdn dV emitted in the direction afsis defined as:
an

WhereA,; is the activity of the i-th radionuclide
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Figure 1: Radio Nuclides in Detection Volume in Spérical Coordinate

N; can now be defined as the total numbeu-phirticles that reach the detector surface
21 r2sin @ cos 0 d d¢ dr
Ny = Ag [l ds 7], .

T
4mr? fO dt

“4)
The numbers oé-particles i with an energl,; emitted in the voluméV which reach and are registered on the
LR-115 SSNTD per unit area and unit exposure tisrgiven by:
. )
piLR — Aai fOZn: foec meaxr sinf cos 6 dr d6 d¢

Rmin
LR __ 1
pi

amr2
- Z Aai sin? éc [Rmax - Rmin]

piR = i Ay sin? 6. AR

®)
(6)
Assuming a secular equilibrium between radon aei torresponding daughters, the density of tradis, to the
a-particles of the radon group, registered on thellB SSNTD is given by:
PR =32 AR sin?6 3, A B;

LR _
pr =

)
WhereB; is the branching ratid, it the crtical angle of eaching for LR-115 type I
Similarly the density of tracks, due to ttigoarticles of the thoron group, registered on tRell15 SSNTD is
1 . A
2 AR sin?0,; X1 A B;

[l SSNTD is then equal to

®)
pl(_3R — p_II__R(ZZZRn) +p_II__R(220Rn)

The global density of tracks, due to iarticles of the radon and thoron groups registere the LR-115 type
1 95
pa = 7R sin?0,(Xi_; Aq B + Xizi A Bi)

(9)

The numbers oé-particles i with an energl,; emitted in the voluméV which reach and are registered on the
CR-39 SSNTD per unit area and unit exposure tiregespectively given by
www.iaset.us
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CR _ 21 (0 (R;i7?sin6 cosO dr do de
piR - Aai fo fg afgl A2 (10)

1 .
pif = = Agi Ry sin® 6 (11)

Assuming a secular equilibrium between radon aei torresponding daughters, the density of tradis, to the

a-particles of the radon group, registered on the3ABRSSNTD is given by
1 .
pF* = Xis1 Agi Ry Bisin? 0 (12)

Similarly the density of tracks, due to ttigoarticles of the thoron group, registered on tRell15 SSNTD is

1 .
psf = ZZZ}:l AgiR; B; sin® 0, (13)

The global density of tracks, due to tiiparticles of the radon and thoron groups registeme the LR-115 type
I SSNTD is then equal to

pCR = pCR(22Rn) + pCR(220Rn)
1 . 1 .
PSR = n Yi1AaiR; B; sin*6, +3 Yi1Aq R; B; sin*0 (14)

The activities of a-th nucleusA; and its(i + 1)th daughterA(i +1) of the radon and thoron series are related by
(Planinic et al., 1997)

A +1) = MG +1) A.() (15)
Where:
M@i+1) = AL (16)

A+ +F(+1)Dg+(1—-f(i+1))Dy+V

Where A(i + 1)(S?) is the disintegration constant of tife+ 1)th daughter. Using the following commonly
(assumed) parameter valuggi + 1) is the ratio of the concentration of thie+ 1)th daughter attached on aerosols to the
total concentration of the attached and unattachddn or thoron daughters=0.9, $=fs=1 , D=7.5x10°s* (=0.27 hl) is
the deposition rate of the attached radon and thdezay products, D= 8.33x 10 s* (=30 h') (Planinic et al., 1997) is
the deposition rate of the unattached radon anathdecay products, and Vihis the ventilation inside a room which is
measured by using a G@acer gas method. Values of tf{er1), A(i+1) and M(i+1), parameters for radon and thoron

progenies are given in Table 1.

The ventilation rate were varied in ranges 0.21-1#. (D. Nikezic and K.N. Yu, 2010), with the followirgteps:
the ventilation rate was varied with steps of Qplta 1 K* which is normal ventilation rate (Mohd Zubair &t 2011) or
balanced ventilation with heat recovery, to obseahee effects of air exchange on the ratio of radothoron progenies

M(i + 1) to the parent nuclide.
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Table 1: Values of thex (i+1), f (i+1) and M(i+1)
(For Different Ventilation Rates) Parameters for Ralon and Thoron Decay Products

Radon Decay Products Thoron Decay Products
21¢€ Po 214Pb 214Bi 214P0 21EP0 21‘Pb 21¢Bi 214P0
Ai+1) 9 3.8x10° | 4.3x10" | 5.86x10° | 4200 4.4 1.8x10 | 1.9x10" | 1.9x10

f(i+1) 0.9 1.00 1.00 1.00 0.9 1.00 1.00 1.00
M(i+1)V=1 h™ 0.76 0.55 0.62 1.00 1.00 0.05 0.35 1.04
M(i+1)V=0.9 h™ 0.77 0.57 0.64 1.00 1.00 0.05 0.37 1.04
M(i+1)V=0.8 h™ 0.77 0.59 0.66 1.00 1.00 0.06 0.39 1.04
M(i+1)V=0.7 h™ 0.78 0.62 0.69 1.00 1.00 0.06 0.41 1.04
M(i+1)V=0.6 h™ 0.78 0.64 0.71 1.00 1.00 0.07 0.44 1.04
M(i+1)V=0.5 h™ 0.78 0.67 0.73 1.00 1.00 0.08 0.47 1.04
M(i+1)V=0.4 h™ 0.79 0.70 0.76 1.00 1.00 0.09 0.51 1.04
M(i+1)V=0.3 h™ 0.79 0.73 0.79 1.00 1.00 0.10 0.55 1.04
M(i+1)V=0.2 h™ 0.80 0.77 0.82 1.00 1.00 0.12 0.59 1.04
M(i+1)V=0.1 h 0.80 0.81 0.85 1.00 1.00 0.15 0.65 1.04
M(i+1)V=0.0 h 0.81 0.85 0.89 1.00 1.00 0.19 0.72 1.00

The moderate ventilation rate for dwelling is ab@u6 h'), while dwelling with ventilation rate (<0.3%is low

ventilation rate.
Combining equations (9), (14) and (15), we get :-
Combining equations (9), (14) and (15), we get :-

1
pCR = 24c (?*2Rn) [(RlBlsinzecl + M(*'®Po)R,B,sin*8,,

+ M(**Po)M(***Bi)M(***Pb)M(*'®Po) R;3B3sin?6.;)
AC(ZZORn)
AC (222Rn)

+ M(**?Po)M(**?Bi)M(?**Pb)M(*'°Po) R,B,sin®6.,)

(RlBlsinzecl + M(**®Po)R,B,sin?6,, + M(***Bi)M(**2Pb)M(*'®Po)R;B;sin?6.,

(17)
1
pe" = 7 AR sin?0"; A (***Rn) [(B1 + M(**®Po)B, + M(***Po)M(***Bi)M(***Pb)M(**8Po) 33)
A (ZZORn) '
+—A: ) (RlBl + M(***Po)B, + M(*'2Bi)M(***Pb)M(?*P0)B,
+ M(**?Po)M(**?Bi)M(***Pb)M(*'°Po) B,)
(18)

By combining Eqgs. (17) and (18) we obtain:-
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218

R1B15in?6¢q +M(**8P0)R,Bysin?0,;

<+M(214Po)M(214Bi)M(214Pb)M(218Po) R3B3sin29,_-3)>+
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Ac(zzoRn) (R1B15in%0.1 +M(*1®P0)R,B,sin206,, \
S| HCTC o st
pER _ M 2poymM (2 2Bi)M (2 2Pb)M(*1%P0) R4B4sin2954/ 19
ot / B1+M(**®P0)B, \
<+M(214P0)M(214Bi)M(214Pb)M(218Po) 33)
ARsin?6’; AC(ZZORn) By +M(21%P0)B, \ |
+—s +M(?12Bi)M(?2Pb)M(**®P0)B;
Ac( Rn)(M(212P0)M(leBi)M(212Pb)M(216Po) B‘J)_

Measuringp&Rand p5R track density one can evaluate thg”&Rn)/A(**’Rn) ratio [Eq. (20)] and consequently
the A(**Rn) and A(**Rn) alpha-activities [Eq. (17)] as well as the wti#s of the radon [4***Po), A(**Pb), A(**Bi),
A(***Po)] and thoron [(A**°Po), A(**Pb), Acf*?Bi), A(***Po)] decay products [Egs. (15)] in a given room.

ﬁARsinza, < By +M(**8P0)B, )

pER N+mMPHpo)M(P1*Bi)M (2 4Po)M(?18P0) B,
R1B15in%0¢1 +M(218P0)RyBysin26,,

<+M(214’P0)M(214Bi)M(214Pb)M(218Po) R3B3sin2953))

A, (zzoRn) _ l -

4c (3%2Rn) — l[(
[
CR
lp%ARsinze',;(
PG

RESULTS AND DISCUSSION

(20)

(R1B15in%0¢1 +M(219P0)R,B,sin?0,,
+M(?12Bi)M(?*2Pb)M(?*®P0)R3B35in% 63 -
M(?12Po)M(?12Bi)M(?12Pb)M(?16P0) R4B4sin?6c,

]
i
216 |
By +M(?%%P0)B,
+ M(?12Bi)M(?12pp)M(?1°P0)B;
M(?12pPo)M(?12Bi)M(?*2Pb)M(?16P0) B,

Table two contains concentrations of radon gasclvhas been measured according to our metfitRn) and in
method {?Rn*) described in details in our previous work (Khalifa and Abood, 2014).

Alpha- and beta-activities per unit volume due @dan, thoron and their decay products have beersunsa
inside various dwelling rooms in Basrah Governciedg. Data obtained are shown in Tables 2 andoB.tlke present
study where the observation were taken from Octébédecember, 2013. The significant value of radotivity varies
from 42 Bqg.nT to 178 Bq.nT with an average value of 107 B.dmwith standard deviation 38 B.ginThe significant
value of thoron activity varies from 2 Bgio 15 B.qn? with an average value of 9 Bghwith standard deviation 3
B.qm?.

We notice that alpha- and beta-activities due ¢éoridon and its progeny are higher than thoseatleoton and
its daughters for the dwelling rooms studied. Tisidue to the fact that radon has a higher hadf{#825 d) than thoron
(55.6 s). Beta activities coming from the decay?¥Bi and “*“Po in radon decay series. Evidence indicates tiat t
equivalent radiation dose from thoroff%®n) and its progeny is about 5%-30% of that dué“f@n and its progeny
(R. Sivakumar, 2010).

Results show higher indoor radon levels and radéectere does especially in kitchen as compareabttwer
locations. High values of radon activity may be doeise of water and cooking gas in kitchen. Gdsther natural or
from oil, comes from ground and contain so manyoactive elements. Radon concentration was fourigetdowest in
bed room. High values of radon activity in otheomts in some dwellings may be due to ventilationditions or the type

of building materials. For dwelling consist fromdvloors, radon and thoron activity concentratiorthie ground floor is

Impact Factor (JCC): 2.4758 Index Copernicus Value (ICV): 3.0
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much higher than the first floor and must be mathlg to radon and thoron exhalation from soil uriderdwellings.

The action level for radon activity should be ie ttange 200-300 Bg.{(ICRP, 2009). The measured values are

below the recommended ICRP action levels.

Table 2: Indoor Radon and Thoron Concentration

LR LR 222Rn 22C-|-n 222Rn*
LS e T2y | Tomeay | ®amd | @amd | @amd)
1 kitchen 11.25 35.08 165 10 167
1 Reception room 9.07 28.31 132 9 134
1 Bed room 10.77 33.61 157 10 159
1 First floor 6.17 19.29 89 8 91
2 kitchen 12.27 38.31 178 14 182
2 Reception room 11.88 37.12 172 14 176
2 Bed room 11.97 37.34 175 12 177
3 kitchen 8.05 25.11 118 8 119
3 Reception room 5.24 16.5 71 11 78
3 Bed room 7.39 23.12 105 10 109
4 kitchen 7.62 23.95 105 14 113
4 Reception room 12.39 38.73 178 15 183
4 Bed room 9.53 29.79 137 12 141
5 kitchen 8.68 27.15 124 12 128
5 Reception room 8.72 27.3 124 12 129
5 Bed room 7.34 22.93 106 8 109
5 First floor 5.14 16.08 73 7 76
6 kitchen 11.10 34.57 164 9 164
6 Reception room 11.10 34.62 162 10 164
6 Bed room 6.47 20.09 98 2 96
6 Fist floor 5.55 17.31 81 5 82
7 kitchen 5.89 18.41 85 7 87
7 Reception room 4.97 15.47 73 4 73
7 Bed room 5.79 18.15 82 8 86
8 kitchen 8.32 25.98 121 8 123
8 Reception room 6.02 18.89 85 9 89
8 Bed room 5.55 17.52 73 14 82
8 First floor 4.40 13.81 61 8 65
9 kitchen 6.14 19.06 93 3 91
9 Reception room 5.48 17.12 79 7 81
9 Bed room 5.97 18.69 85 8 88
10 kitchen 9.36 29.28 133 12 138
10 Reception room 5.79 18.16 81 9 86
10 Bed room 5.29 16.56 76 7 78
11 kitchen 7.10 22.16 104 7 105
11 Reception room 4.97 15.55 70 7 73
11 Bed room 4.14 12.91 60 4 61
11 First floor 2.90 9.057 42 3 43
Average 107 9 110
Max. 178 15 183
Min. 42 2 43
S.D. 38 3 38
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Table 3: Radon and Thoron Progenies

Radon Progenies

Thoron Progenies

No. ZIEPO 214Pb 214Bi 214P0 ZIEPO 214Pb 21ABi 214P0
Ba.m® | Bgm® | Bg.m®) | (Bq.m®) | (Bq.m®) | (Bq.m®) | (Bq.m®) | (Bg.m?)
1 129 84 60 60 10 0.69 0.32 0.32
1 103 67 48 48 9 0.61 0.28 0.28
1 123 80 57 57 10 0.72 0.33 0.33
1 69 45 32 32 8 0.53 0.24 0.24
2 138 90 65 65 14 0.95 0.44 0.44
2 134 87 63 63 14 0.95 0.43 0.43
2 136 89 64 64 12 0.81 0.37 0.37
3 92 60 43 43 8 0.54 0.25 0.25
3 55 36 26 26 11 0.76 0.35 0.35
3 82 53 38 38 10 0.70 0.32 0.32
4 82 53 38 38 14 0.96 0.44 0.44
4 139 90 65 65 15 1.07 0.49 0.49
4 107 69 50 50 12 0.81 0.37 0.37
5 96 63 45 45 12 0.82 0.38 0.38
5 97 63 45 45 12 0.82 0.38 0.38
5 83 54 39 39 8 0.59 0.27 0.27
5 57 37 27 27 7 0.49 0.22 0.22
6 128 83 60 60 9 0.60 0.27 0.27
6 127 82 59 59 10 0.72 0.33 0.33
6 77 50 36 36 2 0.15 0.07 0.07
6 63 41 30 30 5 0.37 0.17 0.17
7 66 43 31 31 7 0.46 0.21 0.21
7 57 37 27 27 4 0.27 0.13 0.13
7 64 42 30 30 8 0.59 0.27 0.27
8 95 62 44 44 8 0.58 0.26 0.26
8 66 43 31 31 9 0.66 0.30 0.30
8 57 37 27 27 14 0.95 0.44 0.44
8 48 31 22 22 8 0.53 0.25 0.25
9 72 47 34 34 3 0.19 0.09 0.09
9 61 40 29 29 7 0.47 0.21 0.21
9 66 43 31 31 8 0.57 0.26 0.26
10 104 68 49 49 12 0.87 0.40 0.40
10 63 41 30 30 9 0.64 0.29 0.29
10 59 38 28 28 7 0.48 0.22 0.22
11 81 53 38 38 7 0.48 0.22 0.22
11 55 36 26 26 7 0.50 0.23 0.23
11 47 31 22 22 4 0.29 0.13 0.13
11 33 21 15 15 3 0.20 0.09 0.09

Impact Factor (JCC): 2.4758

Index Copernicus Value (ICV): 3.0
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Figure 2: Correlation between the Radon Gas Measureents by the Two Method

CONCLUSIONS

From figure two, we notice a good correlation betwéndoor radon gas concentration obtained by cethod

and method described in details in our previouskw@d- khalifa and Abood, 2014). In this new appchaone can
measure the activities of radon, thoron and theoganies {"%Po, ?**Pb, ?Bi, ?**Po, *%Po, **Pb, **Bi and**%0). Using
CR-39 and LR-115 type Il SSNTDs one can evaluagecttincentration of radon, thoron and their corredpw decay

products in various dwellings without needing caditibn factorsFrom the present work it has been concluded that th

radon levels in running dwelling are found to beédo than the action levels recommended by (ICRB9R20
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