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Radionuclides distribution and radiation levels are important to assess the potential hazard of radiation
exposure. Radon concentration and exhalation rate from surface soil were carried out in totaly thirty
points with different locations of Graduate’s Villages West Nile Delta, Egypt. Radon concentration and
radon exhalation rate were measured using Can technique with CR-39 detector. The average values of
radon concentrations ranged from 236.34 to 717.78 Bgm® and area exhalation rate from 0.28 t00.86 Bgm’
2!, The obtained results can be used as reference information to assess any changes in the radioactive
background level dueto geological processesin the investigated area.
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INTRODUCTION

Terrestrial radiation is due to various radioactive nuclides that
are present in soil, water, air and their abundance changes
depending on the geological and geographical features of
region. The external exposure is caused by gamma rays emitted
mainly by radionuclides of uranium ?*U and thorium *°Th
decay series as well as potassium “°K. The internal exposure is
caused by radon (*?Rn and *°Rn) and its short-lived decay
products. Radon is an apha emitter that may be easily inhaled
and its descendants may be deposited in tissues of the
respiratory tract (UNSCEAR, 2000). The most important
isotope of radon is “?Rn, which belongs to the *®U series,
since its short-lived progenies are the major contributor to lung
dose. Most of the radioisotopes are alpha emitters, so when
they are ingested or inhaled, they significantly contribution to
the radiation dose that people receive (IAEA, 2003). Radon is
radioactive noble inert gas and very mobile gaseous daughter
of uranium U which is found in all rocks and soil (Misdaq et
al., 2000). Radon emanates from soil and rock, which is aso
the main source of radon in the atmosphere. The concentration
of atmospheric ??Rn, therefore, depends on the rate of
diffusion from the ground and diffusion in the air (Rahman et
al., 2009). The most important mechanism of exposure is the
inhalation of the short-lived decay products of the principal
isotope, ?’Rn, with indoor air. Concentrations of ?Rn and its
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progeny are usually higher in indoor air than in outdoor air
(UNSCEAR, 1993). When radon gas is inhaed, densely
ionizing alpha particles emitted by deposited short- lived decay
products of radon ?*Po and ?*Po can interact with biological
tissue in the lungs leading to damage and causes lung cancer
(WHO, 2009).

The Graduate’s Villages location are in the north of Wadi El
Natrun, south of Damanhur city, west of Tanta city and east of
El Nasr canal (Alexandria city) .The area is crossed by a very
important two roads, Cairo-Alexandria Desert road and Wadi
El Natrun- El Aamein road. The area is limited by latitudes
(30° 47 2.8" and 30° 38 8.89") and longitudes (30° 46'
37.6" and 30° 05' 36.3") asshowingin Table (1).

The present work is aiming to determine the radon
concentrations and radon exhaation rate in the soil samples
from Graduate’s Villages, West Nile Delta, Egypt. In order to
detect any harmful radiation that would affect radioactivity
background levels this, can be used to assess the indoor
radiological hazards to human health and determination of
radioactivity level in cultivated land.

MATERIALS AND METHODS

Thirty soil samples were collected from 18 villages of
Graduate’s Villages. The samples were measured using Can
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technique to determine the values of radon concentration and
exhalation rate with CR-39 detector. The soil samples are
crushed to a grain size 1 mm and placed into samples
containers. All samples were dried in air for four days and
dried in oven at 110°C for 5hr. The samples were minced,
sieved by 1-mm mesh, and weighted. The samples were
carefully sealed for 60 days in cylindrical containers made
from a good kind of plastic with dimensions of 9 cm in
diameter and 16 cm in depth. Each sample container was
capped tightly to an inverted cylindrical plastic cover as shown
in (Fig.1). A piece of CR-39 of 700 um thickness (American
Technical Plastic, Inc.) detector of area 1.5 cm x1.5 cm fixed at
the bottom center of the inverted plastic cover. During the
exposure time of o-particles from the decay of radon and
their daughters bombard the CR-39 detector in the air volume
of the cylindrical containers. After the irradiation period, the
detectors were collected and chemically etched in NaOH
solution 6.25N at 70°C for 7 hr (Al-Jarallah et al., 2008; Hafez
et al., 2011). After etching the CR-39 detectors were washed in
ditilled water and then dipped for few minutesin a5 % acetic
acid solution and washed again with distilled water and finally
air dried. The track density was determined by using optical
microscope (Kumar et al., 2003) which calibrated before
usages. The background of CR-39 track detector was counted
by optical microscope and subtracted from the count of all
detectors (Abo-Elmagd et al., 2006). The value of radon
concentration in (Bgm®) at secular equilibrium is given by the
following eguation:

C.,, = 1)
nT

Where, Cg, is radon concentration (Bgm?®), p is the track
density (track cm®), T is the exposure time (day) and n is the
calibration coefficient of CR-39 nuclear track detectors
obtained from the experimental calibration 0.22 tracks cm?day”
YBgm™ of radon, respectively (Hafez et al., 2001). Radon
exhalation rate from different sand samples was calculated
from the relation:

CVA 2
E 1, At

A[T + l—(e' -1)]

Where, E, is the surface exhalation rate in (Bqm?h™), C is the
integrated radon exposure in (Bqmh), A is the decay constant
of radon (h?), V is the effective volume of the can (m®), A is
the area covered by the can (m? and T is the exposure time
(Laith et al., 2013).

CVA ©)
M[T-+%{e“t-1n

E =

Where, Ey, is the mass exhalation rate in (Bgkg*h™) and M is
the mass of sample (kg) (Laith et al., 2013; Kakati, 2014). The
annual absorbed dose rate equivalent due to the activity in the
soil was calculated using the following equation:

Drn = Cene D.H.F. T (4)

Where, Cg, (Bgqm™) is the measured mean radon activity
concentration in air, F (0.4) is the indoor equilibrium factor. T

is the indoor occupancy time (8760) hr, H is the indoor
occupancy factor (0.4) and D is the dose conversion factor (9
x10° mSv h / Bqm™) (Maged, 2006; Nsiah et al., 2011). The
annual effective dose in (mSvy™) was calculated according to
the following equation:

He = Dgy \Wg Wy )

Where Dg, is annual absorbed dose, W is radiation weighting
factor for alpha particles equal 20 and W7 is tissue weighting
factor for the lung 0.12 (UNSCEAR, 2000; Nsiah et al., 2011).
The working levels given using the following equation:

C.F (6)
3700

Where, C is radon concentration in Bgm?® and F is the
equilibrium factor for radon has been taken as 0.4 as suggested
by (Mamta et al., 2011). The radium concentration in soil
samples was calculated using the following relation:

- _PhA )

r]MTe

Ra

Where Cg, is the radium content in (Bq kg™), h is the distance
between the detector and the top of the sample and T, is the
effective exposure timein (hr) (Sarma, 2013).

= e

10 cm

6cm

L

—— 94em ——
Figurel Cylindrical containers of the sample

RESULTS AND DISCUSSIONS

The samples types and locations of the Graduate’s Villages
were determined as shown in table 1. The values of radon
concentration in (Bqm®), area exhaation rate in (Bqm?hY),
mass exhalation rate in (BgKg'h™) and radium concentration
in (BgKg™) as shown in table 2.

Table 4, gives the average values of radon concentration (Cg,),

surface exhaation rate (En), mass exhalation rate (E,) and
radium concentration (Cry). The average values of radon
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concentrations are ranged from 236.34 to 717.78 Bgm®, area rate from 1.06 to 13.40 mBgKg*h™ and the average values of

exhalation rate from 0.28 to 0.86 Bqm?h™, mass exhalation radium concentrations varied from 12.70 to 40.20 BqKg™.
Table 1 The samples types and locations of the Graduate’s Villages
No. Village name Type L atitude L ongitude
1 : Sand  30° 46 36.7° 30° 17 36.7"
2 Najesb Mahfooz Sand  30° 46 37.6" 30° 46 37.6"
3 . . Sediment  30° 44 50"  30° 15 36"
4 Ali Bbn Abi Talib Sad  30° 44 45" 30° 15 63"
5 El Shaarawi Sand 30° 44 45" 30° 44 44"
6 Sand  30° 42 147" 30° 200 6.41"
7 ~AbdEIMuneemReyad g 33 41 505 30° 190 132"
8 Village 107 Sand 30° 39 87" 30° 19 49"
9 & Clay 30° 39 87" 30° 19 49"
10 Clay  30° 39 889" 30° 19 50.2"
11 Bl Shaer Clay  30° 38 889" 30° 18 502"
12 Clay  30° 40 5L7" 30° 21' 6.15"
13 Bl Gazaalee Clay ~ 30° 45 817" 30° 21' 870"
14 Clay ~ 30° 45 817" 30° 20 8.99"
15 Clay  30° 45 834" 30° 20 59.8"
16~ Muhammad Refaat Clay 30° 45 10" 30° 19 28"
17 Clay 30° 45 29" 30° 19 44"
18 Clay  30° 43 855" 30° 21' 558"
19 Imam Hussein Clay ~ 30° 44 834" 30° 20 598"
20 Sudge  30° 44 834" 30° 20 50.8"
21 Ahmed Ramee Sediment  30° 43 395" 30° 23 6.24"
2 Sand 30° 43 78" 30° 23 6.64"
23 El Shaeshaee Clay ~ 30° 41' 984" 30° 14' 16"
24 Ahmad Shawj Clay  30° 40 982" 30° 09 335"
25  Abu Bakir El Sideeq Clay ~ 30° 40 914" 30° 08 21.7"
26 Abdl Adeem Abul Ataa  Clay ~ 30° 40 815" 30° 06 359"
27 Taha Hussein Clay  30° 4I' 802" 30° 05 363"
28 19 Luhoom Clay 30° 46 06" 30° 11' 163"
29 Jeneklees Clay ~ 30° 47 128 30° 10 488"
30  Tawfeeq El Hakeem Clay  30° 46 291" 30° 13 432"
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Table 2 Radon concentration, area exhalation rate, mass exhal ation rate and radium concentration

Sample Crn (BgM™) Ea Bqm®h?)  E, (mBgkg'h?) Cra (Bgkg™)

1 531.21 + 17.04 0.70+ 0.02 8.76+ 0.16 30.30+ 0.96

2 384.05 + 14.46 0.51+0.01 6.31%0.13 21.80%0.82

3 656.51 + 18.93 0.87+0.02 10.60+ 0.17 7440+ 2.14

4 33372+ 1348 0.44+0.01 519+ 0.12 17.90+0.72

5 27022 £12.19 0.35+0.01 368+0.11 12,70+ 0.57

6 414.09 £ 15.07 0.55+0.02 599+ 0.14 20.70+0.75

7 367.09 + 14.16 0.48+0.01 551+ 0.13 18.30+0.73

8 352.87 + 13.86 0.46 % 0.01 447+0.13 16.10+ 0.60

9 386.74 + 14.54 0.51+0.01 5.00+0.13 17.30+ 0.64

10 346.81 + 13.78 0.46+0.01 464013 16.00+ 0.63

11 328.80 + 13.40 0.43%0.01 449012 1550+ 0.63

12 224.85 + 11.06 0.29+0.01 3.26+0.10 11.30£0.55

13 336.96 + 13.56 0.44+0.01 471+0.12 16.30+ 0.65

14 328.25+13.40 0.43%0.01 465+0.12 4200171

15 345.15+13.71 045+ 0.01 463+0.12 16.00+ 0.63

16 279.01+12.34 0.37+0.01 373011 12.90+ 0.57

17 43219+ 1537 0.57+0.02 593 0.14 2050+ 0.72

18 367.64 £ 14.16 0.48+0.02 6.00+0.13 20.70+0.79

19 275.73+ 12.27 0.36+ 0.02 381+0.11 1320+ 058

20 42125+ 1515 0.56 % 0.02 6.3320.14 21.80+0.78

21 514.81 + 16.81 0.68+ 0.02 7.94%0.15 27.40+0.89

22 626.96 + 18.48 0.83+0.02 9.56+ 0.17 33.00+ 0.97

23 532.86 + 17.04 0.70£ 0.02 7.81+0.16 26.90 0.86

24 497.85+ 1651 0.66 % 0.02 8.09+0.15 27.90%0.92

25 295.97 + 12.72 0.39+0.01 516+ 0.12 17.80+0.76

26 350.13 + 13.86 0.46 % 0.01 515+ 0.13 17.80+0.70

27 717.78 £ 19.84 0.95+0.02 10.80+0.18 3740+ 1.03

28 672.91+13.71 0.89+0.01 11.70+0.12 40.20 + 0.81

29 236.34+11.36 0.31%0.01 450+0.10 1550+ 0.74

30 533.41 + 17.04 0.70£ 0.02 8.21+0.16 2830 0.90

Table 3The working level, annual absorbed dose and P
annual effective dose ;_ = R*=0.7908 +
Sample mwL D (mSvy?Y) He (mSvy?Y) T /
1 57.40+1.84 670+ 021  16.01+40.89 ® .
2 4150 + 1.56 484+018  11.62+34.70 40 +,
3 7100+ 2.04 828+023  19.90+4543 a0
4 36.10+ 1.46 421+017  10.10+3235 i s
5 29.20+1.32 3.41+0.15 8.18+ 29.25
6 44.80 + 1.63 522+019  1253+36.16 A
7 39.70+ 1.53 463+017  11.11+33.98 o - - - -
8 38.10 + 1.50 445+017 1070+ 33.26 g 1 % e il A
9 41,80+ 157 488+018 1170+ 3489 oo B W— . S
10 37.50 + 1.49 437+017 10.50 + 33.07 gure 6, The wl?::ﬁinu::”:e:,ur?]:lltﬁ::Mﬂllmwm and raden
E mples
1 3550+ 1.45 415+0.16 9.95+ 32.16
12 24.30+1.19 2.84+0.13 6.81+ 26.54 Also (Fig. 3) gives the comparison between the average values
ﬁ ggg * i-ig j:-iif 8-% 190'924? ;—’33221% of surface exhalation rates for the investigated areas. The
15 3730 $1.48 435+ 017 10.44 % 32.90 correlati on coefficient between the average values of_ radon
16 30.20 + 1.33 352+ 015 8.40 + 2961 concentration and the average values of surface exhalation rate
17 46.70 + 1.66 5.45+0.19 13.08 + 36.88 equal R? = 1. Thisis a good correlation as shown (Fig. 4), but
18 39.70+1.53 4641017 11.12+3398 the correlation coefficient between radon concentration and
o s S B mass exhalation rate is equal R? = 0.95 as shown in (Fig.5).
21 55.70 + 1.82 6.49 + 0.21 15.58 + 40.34 The correlation coefficient between the average values of
22 67.80 + 2.00 7.91+0.23 18.98 + 44.35 radium concentrations in (Bgkg™) and radon concentration in
23 57.60+1.84 6.72+021  16.13+40.89 (Bgm®) isequal (R?= 0.79) as shown in (Fig.6). The calculated
gg gg% f i;? g:gg f 8:%2 18575)67 f:%?fzz values of working level (WL), annual absorbed dose rate (D)
26 37.90; 1.50 4.42; 0.17 10.59; 33.26 and annual effective dose rate (HE) were glven by table 3. The
27 77.60+2.14 9.05+0.25 21.72 + 47.61 average values of working level varied from (25.55 to 77.59)
gg ;gég * i-;‘g g-gg * 8&1 270-1357 :—f237229é’ mWL, the average values of annual absorbed dose rate from
o0+ 1. Jo £ 0. dox 2/, -1 H

> 5770+ 184 6734021 16.14 4 40.89 2.98 t0 9.05 mSvy ™ and annual effective dose rate from 7.15 to

From the obtained results we find that the values of radon
concentrations in Taha Hussein village higher than the other
villages but in Jeneklees village has a low value. (Fig. 2),
shows the comparison between the vaues of radon
concentrations.

21.72 mSvy™ as shown in Table 5. The annual effective dose
larger than the normal background level of 1.10 mSvy™ as
quoted by (UNSCEAR, 2000). The comparison between the
average values of the annual absorbed dose rate for the
investigated areasis given by (Fig.7).
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Table 4 The average values of radon concentration, area exhalation rate, mass exhalation rate and radium concentration

No. Village name Crn (Bgm™) Er(Bqm®h?Y)  En(mBgkg'h?) Cra(Bgkgh
1 Najeeb Mahfooz 457.63 £ 15.25 0.55+0.01 8.06 +0.14 26.05+0.89
2 Ali Ebn Abi Talib 49511 + 16.54 0.60+0.01 13.40+£0.14 19.75+0.78
3 El Shaarawi 270.22 £ 12.05 0.32+£0.01 3.24+011 12.70 £ 0.66
4 Abd El Muneem Reyad 390.59 + 14.36 0.47 £0.01 5.22+0.13 19.50 £ 0.57
5 Village 107 369.80 £ 13.74 044 +£0.01 4.30+0.13 16.70 £ 0.81
6 El Shaer 337.81 £ 13.56 0.42+0.01 421+£0.12 15.75 £ 0.66
7 El Gazaalee 296.68 + 13.44 0.35+0.01 6.09+0.11 13.80 £ 0.58
8 Muhammad Refaat 312.08 £ 12.65 0.37£0.01 3.80+£0.13 22.85 + 0.69
9 Imam Hussein 374.20 £ 14.85 0.45+0.02 499+0.13 18.56 £ 0.59
10 Ahmad Ramee 570.88 + 17.95 0.69 + 0.02 7.94+0.11 30.20+0.61
11 El Shaeshaee 532.86 + 17.56 0.64 +0.02 7.09+0.16 26.90 + 0.86
12 Ahmad Shawdji 497.85 + 16.81 0.60+0.02 7.34+0.15 27.90 £ 0.92
13 Abu Bakir El Sideeq 295.97 +12.25 0.35+0.01 4.69+0.12 17.80+0.76
14 Abdl Adeem Ataa 350.13 £ 13.12 0.42+0.01 4.67+0.13 17.80+0.70
15 TahaHussein 717.78 £ 19.69 0.86 £ 0.02 9.48+0.18 37.40+1.03
16 19 Luhoom 67291 +13.48 0.81+0.01 1.06+£0.12 40.20+0.81
17 Jeneklees 236.34 +11.55 0.28+0.01 4.08+0.10 1550+ 0.74
18 Tawfeeq El Hakeem 53341+17.81 0.64 £ 0.02 7.46+0.16 28.30 £ 0.90

Table 5 The average values of working level, annual absorbed dose rate and annual effective dose rate

No. Village name mwL D (mSvy?) He (mSvy?d)
1 Najeeb Mahfooz 49.42 +1.65 5.77+0.20 13.81+38.25
2 Ali Ebn Abi Talib 53.53 + 1.95 6.24+0.19 15.00 + 38.95
3 El Shaarawi 29.21+1.32 341+0.15 8.18 £ 29.25
4 Abd El Muneem Reyad 42.22 +1.47 492+0.18 11.82 +28.91
5 Village 107 39.00 £ 2.01 4.66 +0.17 11.20 + 41.56
6 El Shaer 36.52 + 1.58 4.26+0.16 10.22 + 31.24
7 El Gazaalee 32.07+151 374+ 021 8.98 + 45.55
8 Muhammead Refaat 33.73x211 3.93+£0.23 9.42 + 30.90
9 Imam Hussein 40.45 £ 1.95 4.72+0.18 11.32 + 27.22
10 Ahmad Ramee 61.71+ 155 5.90+0.17 14.16 + 40.88
11 El Shaeshaee 57.60 + 1.84 6.72+0.21 16.13 + 40.89
12 Ahmad Shawqi 53.82+1.78 6.28+0.20 15.07 + 39.62
13 Abu Bakir El Sideeq 31.99+1.37 3.73+0.16 8.96 + 30.52
14 Abdl Adeem Ataa 37.85+1.50 442 +0.17 10.59 + 33.26
15 TahaHussein 7759+ 214 9.05+0.25 21.72 £ 47.61
16 19 Luhoom 72.74+1.48 849+0.17 20.37 + 32.90
17 Jeneklees 2555+ 1.23 298+0.14 7.15+ 27.26
18 Tawfeeq El Hakeem 57.66 + 1.84 6.73+£0.21 16.14 + 40.89
Table 6 The comparison between the obtained results and the published datain different countries
Country Crn (Bgm™) Ex(Bgm>h?) He(MSvy?)  Cra(mBgkg?) References
Egypt 4383 - 6297 0.23-0.33 0.136-0.145 0.24-0.25 (Abel-Ghany, et al 2009)
Egypt 36.98- 576.18 0.03-0.47 (El-Farrash, et al 2012)
Iraq (Kurdistan) 156.30 2.76-0.9 (Asaad and Mohamad, 2010)
Iraq (Basrah) 616.6 0.417 (Khodier and Abdul, 2014)
Saudi (Jazan) 55.56-275.79 18.72 152 (Zarrag et al., 2012)
Turkey 270 - 3319 0.02-0.47 (Oktay and Dogru, 2006)
India (Kashmir) 6.43 - 18.89 (Feroz and Sajad, 2014)
Algeria 160-285 (Belafrites, 2008)
Ghana 270- 123 (Peter et al., 2012)
Iraq (Samawah) 492 3.54 31.80 (Almayahi et al., 2014)
India 0.54-0.88 0.04- 0.06 (Baroodaet al., 2013)
India (Haryana) 21-113 (Kant et al., 2009)
India (Dadri) 222,50 - 673.60 0.08-0.24 0.011 (Mamtaet al., 2010)
India 06 0.014 (Zubair et al., 2012)
India (Assam) 81.20- 277.70 0.34-1.86 (Kakati, 2014)
India 998 - 2198 (Pooja and Rishi, 2014)
Egypt (Fayoum) 4.40 14.92 (Abo-Elmagd et al., 2009)
Egypt 236.34 -717.78 0.29- 0.95 6.8-21.7 11.3-744 The Present work

From the figure we tind that the values of annual absorbed dose
rate in Taha Hussein village higher than the other villages but
in Jeneklees village has alow value.

CONCLUSION

The main am of this study was to determine radon
concentration and exhalation rate in the soil samples using
solid state nuclear track detectors. The average values of radon

concentrations are ranged from 236.34 to 717.78 Bgm™ and
surface exhalation rate from 0.28 to 0.86 Bgm?h™. The
measured values of radon concentration and exhaation rate
generaly in the recommended limit by (UNSCEAR, 2000).
The investigation of radionuclides distribution and radiation
levels of such materias is important to assess the potential
hazard of radiation exposure for those working in the
investigated area.
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Figure 7. The relationbetwwen village name and annual absorbed
dose eate (D) for soil samples

The obtained results can be used as reference information to
assess any changes in the radioactive background level due to
geological processes in the investigated area. Most of the
indoor radon values lie in the range of action levels from 200 to
600 Bgm?® (ICRP, 1990; Singh et al., 2004). The average
values of radon concentrations in the soil samples are lower
than the recommended limit 800 Bgm™ which, reported by
(WHO, 1993).The obtained experimental results were
agreement with the published data by other workers in the
different countries as shown in table 6.
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