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ABSTRACT 

 
Determination of radionuclides distribution and radon activities have been obtained by means of gamma spectrometry and alpha 

particles tracks measurements, using CR-39 for twenty samples collected from several locations, Sinai - Egypt. The results of the present 
study were discussed and compared with internationally recommended values. Calculations of environmental hazards for the studied area 
have been determined. Results referred to all these localities show that 238U and 226Ra activities were in disequilibrium state, where activity 
ratio of 238U/226Ra  ranges from 1.9 to 4.66. Abundance ratio of 232Th /238Uranges from 0.01 to1.46 which is far from natural ratio. This 
indicates an addition of uranium to the studied area. Measured 40K activities show that most samples were of less value than that 
recommended. 
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Introduction 
 

The knowledge of radionuclides distribution and 
radiation levels in the environment is important for 
assessing the effects of radiation exposure to human 
beings due to both terrestrial and extra- terrestrial 
sources. Terrestrial radiation is due to the 
radionuclides present with different amounts in 
rocks, soils, building materials, water and 
atmosphere. Some of the radionuclides from these 
sources may be transferred to human beings through 
food chain or inhalation process. The exposure of 
human beings to ionizing radiations takes place due 
to naturally occurring radioactive elements in solids 
and rocks, cosmic rays entering the earth’s 
atmosphere from outer space and also due to the 
internal exposure from radioactive elements through 
food, water and air [11,17]. 

Measurement of natural radioactivity in soil is 
very important to determine the amount of change of 
the natural background activity with time as a result 
of any radioactive release. Monitoring of any release 
of radioactivity to the environment is important for 
environmental protection. The important radiological 
consequences of natural radioactivity in the soil of 
mines are two-fold: first, the effect of γ-rays on the 
body, and second, the effect on lung tissue by 222Rn 
decay products. Studies of natural radioactivity are 
necessary not only because of their radiological 

impact, but also because they act as sever 
biochemical and geochemical tracers in the 
environment.  

Noble radon gas (222Rn) originates from 
radioactive transformation of 226Ra in the 238U decay 
chain in the earth’s crust. Only a fraction of the 
radon atoms so created is able to emanate from the 
mineral grains and enter the void space, filled either 
by gas or water. From here, radon moves further by 
diffusion and, for longer distances, by advection 
dissolved either in water or in carrier gases. 
Eventually it exhales into the atmosphere. Radon 
emanation depends mainly on 226Ra content and 
mineral grain size, its transport in the earth is 
governed by geophysical and geochemical 
parameters, while exhalation is controlled by hydro 
meteorological conditions [4]. 

Calculating of radon concentrations in soil air 
from measurements of the radium activityis 
important to take into account the way in which 
radium is present in the soil. Since the radon 
emanation is much higher from radium that is 
adsorbed on the surface of the soil particles 
compared to radium in primary uranium minerals 
[3]. 

Gamma spectrometry is a useful non-destructive 
method that permits the simultaneous determination 
of many radionuclides in a bulk sample, without the 
need of complicated and time-consuming 
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radiochemical separation. However, it is limited by 
the weak emission probabilities of many potentially 
useful emission lines, the poor efficiency of HPGe 
detectors over a wide energy range, the difficult task 
of precisely calibrating the efficiency of the detector, 
and the need to evaluate self-absorption and 
summation factors [5,19,6]. 

 In the present work, the activity concentrations 
of 238U, 232Th and 40K were measured by γ-ray 
spectroscopy. The radon concentration as well as the 
exhalation rate was also measured for the same 
samples, using solid state nuclear track detector 
(SSNTD- CR-39) to estimate effective radiation dose 
for assessing the radiation risk to the inhabitants. 

 
EXPERIMENTAL Techniques: 
 
2.1 Samples Descriptions and Preparation: 

Table.1 displays characteristics of the the 
studied collected twenty samples located in the 
studied area. 

The collected samples were dried, pulverized, 
homogenized, weighed and sieved to pass through 2 
mm mesh size into two volumes of all meshed 
samples each of 100ml volume. First volume was 
transferred to a Marinelli beaker and investigated by 
gamma spectrometry. The second was transferred to 
radon chamber to study alpha counting. The 
Marinelli beaker and radon chamber were sealed for 
a period of about four weeks before alpha counting 
in order to allow for 226Ra and its short-lived 
progenies to reach secular radioactive equilibrium, 
and to ensure that radon gas is confined within the 
volume and the daughters also can be remained in 
the sample [1]. 

  
 
Table 1: Description of the Collected Samples: 

Serial 
No. 

Sample 
Code Characterization 

1.  S1 Siltstone, grey with sulphor patches and thin fine and white sandstone laminae separating the siltstone 
from the overlying highly ferruginated sandstone (represents the base of El Hashash Fm.), 0.5m. 

2.  S2 Highly ferruginous sandstone, hematite with black patches of goethite, fine grained, represents the base 
of El Hashash Fm., 2 m, photo 140. 

3.  S3 
Very fine grained sandstone, thinly laminated, vary in colour, pale yellow, brown, violet with brown 
patches, represents the middle part of El Hashash Fm. 15 m above the previously mentioned bed, photo 
139. 

4.  S4 Black to dark grey shale, located below the sample No.1, rich with sulphor may be due to oxidation of 
pre existing pyrite, vary in thickness (1-3 m), thicker at the western part, photo 138. 

5.  S5 Calcareous sandstone, reddish brown, directly overlying the previous fine conglomerate, it is graded 
upward to sandy dolomite and represents the base of middle member of Um Bogma Formation. 

6.  S6 Sandydolostone, grey to light brown with turquoise patches of Cu mineralization, hard to very hard, 
compact; it shows gypsum laminae (2 cm) below and over the beds, photo 136 for gypsum. 

7.  S7 Black shale at the center of the Quarry, fissile with gypsum interlaminae and high in organic matter 
contents, 0.5 m, photo 135, it needs mineral separation. 

8.  S8 
Sandy dolostone, light grey with brown patches, green and blue copper mineralizations, with joint 
fractures filled with gypsum, medium hard to hard, overlying sample No.11 (75 cm), photo 134, for 
green copper, it needs mineral separation. 

9.  S9 Siltstone, compact, black, brown with gypsum veinlets, it is overlying the previous bed, 1.0 m. 
10.  S10 Sandydolostone, dark grey to black with green copper at the surface, gypsum flakes at the joints. 
11.  S11 Dolostone, bouldery, embedded in claystone and marl with gypsum at the joints and contacts, photo 132. 
12.  S12 Dolomite, light brown, medium hard, partially ferruginated. 
13.  S13 Fine pebbles of siltstone and shale represent the crashed materials. 
14.  S14 Pebbles and silt of quarry covering the lower dolostone member. 

15.  S15 Alunite bed the base of grey sandstone present as caves between shale beds. Alunite is white soft 
represents surface of high alteration. 

16.  S16 Reddish brown claystone with iron and manganese mineralization, it contains pebbles of reddish 
pulverized dolostone, highly compacted, 1.2 m. 

17.  S17 Shale overlying the previous claystone, soft nea a big of satisfied S.S., of 1.5 m long axis and 0.6 m 
short axis, shale is dark grey graded upward to grey and compact. 

18.  S18 S.S. lanes contain grey kaolinitic pebbles and brown center. 

19.  S19 Kaolinitic clay, grey to dark grey, with yellowish patches and lamines may by limonitic sulufer, equivelt 
to bed No.1 at the western side, 2 m thick. 

20.  S20 Ferruginous S.S., red, fine grained, represents El Hashash Formation, 5m. 
 

2.2 Methodology: 
 
2.2.1 Gamma Spectrometry: 

 
Measurements were performed, using a high 

purity germanium detector. The HPGe detector, 
model (GEM-50210-P), a P-type crystal, from 
EG&G ORTEC was used for gamma-ray 
measurements. This detector has a resolution 

(FWHM) of 1.9keV for the 1332keV gamma-ray 
line of 60Co and a relative efficiency of about 50%. 
The absolute efficiency was referred to standard 
sources. The uranium standard (RGU-1) is U-ore 
diluted with silica with 4940 Bq kg-1 of 238U, 228 Bq 
kg-1  of 235U, a negligible amount of 40K (less than 
0.63 Bq kg-1) and some traces of 232Th (less than 4 
Bq kg-1). The thorium standard (RGTh-1) is Th-ore 
diluted with silica having 3250 Bq kg-1of 232Th, but 
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containing some 238U (78 Bq kg-1) and 40K (6.3 Bq 
kg-1). The potassium calibration standard (RGK-1) is 
produced from high purity (99.8%) potassium sulfate 
with 14000 Bq kg-1 of potassium with uranium and 
thorium contents lower than 0.001 and 0.01 ppm 
(parts per million), respectively [8,2]. 

The present study was achieved using gamma-
ray spectroscopy to determine the activities of 238U, 
232Th and 40K. The activity concentrations were 
determined for 232Th assuming secular equilibrium 
with their decay products. The gamma-ray 
transitions of 228Ac (338.4, 911keV), 212Bi (727.3, 
1620.7keV) and 208Tl (2614.4, 583.1, 860.3keV) 
were used to evaluate the specific activities of the Th 
– series radionuclides. The activity concentrations of 
238U were measured from gamma-ray transition of 
234mPa (1001keV), while 226Ra was detrmined 
from(186.1keV),214Pb from (351.9, 295.1keV) and 
(609.3, 1120.3, 1764.5keV) for 214Bi. 40K was 
determined from the 1460 keV photo-peak [12]. 

 
2.2.2 Alpha Counting: 

 
CR-39 detector of area (1 cm x 1cm) has been 

prepared and placed in the bottom of the radon 
chamber cover as shown in Fig. 1. The radon 
chamber was sealed and saved for one month. 
During this exposure time, the tracks of alpha 
particles from the decay of radon and its daughters 
that had entered the air volume of the radon chamber 
were registered in this (CR-39) SSNTDs. All 
detectors were removed from the radon chamber 
cover and immediately have been etched chemically 
in a 6.25 N of NaOH solution at 70 ± 1 oC for 6 h to 

display and enlarge the latent alpha tracks due to 
radon decay. The etched tracks on the detectors were 
counted manually, using an optical microscope with 
400× magnification. The area of one field of view 
was calculated by a stage eyepiece and the track 
density was calculated in terms of tracks per cm−2, 
the background track density was determined by 
processing a virgin detector under the same etching 
conditions. The background was subtracted from the 
measured track density. In order to obtain realistic 
values of the tracks, 100 fields of view were selected 
randomly on the detector surface. The calibration 
factor of 0.18± 0.002 tracks cm−2; obtained from an 
earlier calibration experiment for the (CR-39) track 
detector [10], was used to compute the radon activity 
from the track density according to following 
equation given by [15]: 

 

 
 
Where, CRn is the mean Rn-222 concentration 

(Bqm-3), N is the track intensity (Track.cm-2), B is 
the back ground track intensity (Track.cm-2), CF is 
the calibration factor in terms of α- tracks (cm-2 d-

1per Bqm-3) and t is the exposure time (hours). 
 
2.3 Radioactivity Counting: 

 
Gamma spectrum has been collected for 24 

hours for each sample.. The net area count after 
background corrections in each photo-peak was used 
in the 

  
 

 
 
Fig. 1: CR-39 Set up in Chamber Cover 
 

CR39 
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Fig. 2.3: D Bar diagram showing the activity concentrations of 238U, 232Th and 40K (Bq/kg). 

 
computation of the activity concentration C (Bq kg-1) 
for each of the radionuclides in the samples using the 
expression [9] as follows: 

)2()( 1

s

n

Mp
CBqKgC
γε

=−  

 
Where Cn is the count rate under each photo-

peak due to each radionuclide, ε  is the detector 
efficiency for the specific γ-ray, P γ is the absolute 
transition probability of the specific γ-ray and Ms is 
the mass of the sample (kg). 

SSNTDs are sensitive to alpha particles in the 
energy range of the particle emitted by Radon. The 
thermoset plastic materials, referred to as CR-39 in 
the literature, TASTRAK type, (Track Analysis 
System, Ltd., UK), of thickness 1mm, were cut into 
small detectors of size (1cm × 1cm) each, with a 
protection cover of 150 μm polyethylene. This 
polyethylene cover protects the detector material 
from interaction with radon during the transport and 
storage of the CR-39. Before the exposure, the 
protection cover polyethylene is removed.  

 
Results and Discussions 
 
Activity Concentrations: 

 
The activity concentrations of 238U, 226Ra, 232Th 

and 40K for twenty samples have been determined 

and listed in Table.2. Fig.2 .Results show that the 
activity concentrations of 238U range between18.65 
and 3535.22 Bq/kg with an average of 287.89 Bq/kg, 
232Th ranges between 4.38 and 98.58Bq/kg with 
average 19.65Bq/kg and 40K ranges between 2.02 
and 452.58 Bq/kg with average 359.96Bq/kg. While 
the world wide average concentrations of these 
radionuclides are reported by [16] as 35, 30 and 
400Bqkg-1 for 238U, 232Th and 40K, respectively. This 
reveals that the activity of 232Th and 40K were 
measured are comparable with the world- wide 
values. 

 
Fig.3 displays the samples main average of 

relative contribution of 238U series, 232Th series and 
40K activity concentrations. It is clear from Fig.3 the 
activity concentration of the 238U is higher than the 
corresponding value obtained elsewhere. Also it can 
be seen from Table2 that the activity ratio of 
(238U/226Ra) differ from equilibrium ratio with an 
average of 2.12 and ranges from 0.52 to 4.66 which 
indicates that there is a state of disequilibrium 
between the two radionuclides in the U-series. This 
is indicated by Fig.4 which represents the relation 
between 238U and 226Ra activities with strong 
positive correlation (0.99) which explains that the 
host uranium was the responsible for the detected 
radium. 

Fig. 5 represents the relation between 238U and 
232Th contents for different samples. Positive and 
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weak correlation has been found between U and Th 
was (R2 = 0.28). This reflects mobility of uranium 

rather than thorium. 

 
Table 2: Average activity concentrations in (Bq/kg) of 238 U, 235 U, 232Th and 40K 

Code of 
Samples 

Activity   Concentration  Bq/Kg 

238U(1001Kev) 226Ra 232Th 40K 238U*/226Ra 

S1 1222.18±44.74 513.82±9.05 65.75±1.67 307.53±4.74 2.38 

S2 87.33±10.62 62.99±2.95 41.43±1.01 38.91±1.39 1.39 

S3 18.65±2.35 24.91±1.23 4.38±0.28 2.02±0.08 0.75 

S4 689.77±25.09 267.45±4.83 45.07±1.06 249.91±3.15 2.58 

S5 155.62±11.46 90.98±3.36 7.81±0.45 85.93±2.1 1.71 

S6 2005.75±42.21 456.80±8.8 12.09±1.04 88.88±2.31 4.39 

S7 8696.20±114.95 4628.40±24.98 35.91±3.3 229.26±7.08 1.88 

S8 7150.43±140.27 9461.77±33.79 26.01±3.67 28.26±1.1 0.76 

S9 3535.22±57.94 758.51±14.27 29.14±1.28 168.99±4.17 4.66 

S10 4864.09±166.4 9368.33±39.41 20.47±2.08 47.78±3.74 0.52 

S11 39282.97±319.53 37677.02±88.3 122.23±4.05 156.03±20.6 1.04 

S12 1004.49±21.33 455.56±5.65 9.40±0.68 6.88±0.21 2.20 

S13 3246.78±77.45 2082.71±17.2 80.56±2.44 452.58±6.76 1.56 

S14 4858.57±89.36 8223.91±22.4 32.17±2.69 228.90±6.04 0.59 

S15 552.80±47.99 418.43±9.91 30.38±1.7 481.98±7.6 1.32 

S16 688.17±41.51 513.82±8.72 56.92±1.64 528.18±6.14 1.34 

S17 756.24±39.25 431.24±7.93 82.77±1.71 408.63±5.4 1.75 

S18 367.54±19.08 206.65±3.8 40.48±0.84 201.25±2.66 1.78 

S19 1328.59±54.55 764.01±11.48 98.58±2.2 444.93±6.25 1.74 

S20 1468.54±139.37 563.43±76.66 42.44±4.59 197.83±12.24 2.61 

Range 18.65-39282.97 24.91-37677.02 4.38-122.23 2.02-528.18 0.52-4.66 

average 1365.545 558.02 42.756 204.41 ≈1 

 
Fig.6. shows abundance ratio 232Th/ 238U & 

activity ratio 238U/ 226Ra for different samples, both 
ratios differ from normal ratios 1 for (238U/ 226Ra) 
and 3 for (232Th/ 238U) which approved adding 
process of uranium to the studied samples.  
 
3.2 Estimation of Dose Rates: 

 
The activity concentrations of 238U, 232Th and 

40K measured in each of the studied samples indicate 
the quantity of radioactivity present but do not 
provide a measure of radiation risk in the form of an 
absorbed dose rate. Once the activity levels of 
samples are determined, one can calculate the 
absorbed dose rate in air at 1 m above ground. 
Formulae was used to calculate absorbed dose rate 
(nGy h–1): (UNSCEAR, 2000) as : 

   D = 0.604ATh +  0.463AU 
+  0.0417AK 

Where D is the absorbed dose rate and ATh, AU, 
AK and are the specific activities of 232Th, 238U and 
40K in Becquerel per kilogram, respectively. As 
shown in Table 4 for studied area. The absorbed 
dose rate varies from 14.26-17489.2 nGyh-1 with an 
average value of 1814.55 nGyh-1higher than that 
value given by UNSCEAR (18-93 nGyh-1). Also the 
average value for dose in this area is slightly more 
than the world-wide average one (59 nGyh-1) [16], 

To estimate the annual effective dose rates, the 
conversion coefficient from the absorbed dose in air 
to effective dose (0.7)and outdoor occupancy factor 
(0.2) proposed by [16]  were used. The annual 
effective dose rate in (mSv per year) was calculated, 
using the following formula:  

Outdoor annual effective dose = Dair× 8760 h × 
0.7svGy-1× 0.2 ×10-6 

The resulting average of annual effective dose 
as shown in Table 4 is 2. mSv/y with a range from 
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0.02 to 21.45 mSv, while the world wide average 
annual effective dose is approximately 0.5mSv [16]. 

The radium equivalent activity is a weighted 
sum of activities of 226Ra, 232Th and 40K based on the 

presumption that 10 Bqkg-1 of 226Ra, 7 Bqkg-1 of 
232Th or 130 Bqkg-1 of 40K produce the same 
gamma-ray dose rates. Hence it is defined as follows 
[7].

 
 

 
 

Fig. 3: The main relative contribution of 238U,232Th series and 40K. 
 

 
Fig. 4: Activity concentrations of 226Ra and 238U (Bqkg-1). 

 

 
Fig. 5: Uranium contents vs Thorium for different samples. 
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Fig. 6: Abundance ratio (Th/U) and activity ratio (238U/232Th) for different samples 
 

Table 3: Average activity concentrations in (ppm) of 238 U, 232Th and 40K 
Samples 238U 232Th 40K 232Th/238U 
S1 98.56 16.27 0.97 0.17 
S2 7.04 10.25 0.12 1.46 
S3 1.50 1.08 0.01 0.72 
S4 55.63 11.16 0.79 0.20 
S5 12.55 1.93 0.27 0.15 
S6 161.75 2.99 0.28 0.02 
S7 701.31 8.89 0.72 0.01 
S8 576.65 6.44 0.09 0.01 
S9 285.10 7.21 0.53 0.03 
S10 392.27 5.07 0.15 0.01 
S11 3167.98 30.26 0.49 0.01 
S12 81.01 2.33 0.02 0.03 
S13 261.84 19.94 1.43 0.08 
S14 391.82 7.96 0.72 0.02 
S15 44.58 7.52 1.52 0.17 
S16 55.50 14.09 1.67 0.25 
S17 60.99 20.49 1.29 0.34 
S18 29.64 10.02 0.63 0.34 
S19 107.14 24.40 1.40 0.23 
S20 118.43 10.50 0.62 0.09 
Range 1.50-3167.98 1.08-30.26 0.01-1.67 0.01-1.46 
Average 330.56427 10.94041 0.686856995 0.216241751 

 
 
Raeq = ARa + 1.43 ATh+ 0.077AK 

 
Where; ARa, ATh and AK are activities (Bqkg-1) of 

226Ra, 232Th and 40K, respectively . The maximum 
value of Raeq must be <370 Bqkg-1 in order to keep 
the external dose 1.5 < mGy/y [16]. The Radium 
equivalent (Raeq) in (Bqkg-1) are presented in Table 4 
and varies from 31.31 to 37862.73 Bqkg-1 with an 
average of 339.273 Bqkg-1 which is lower than the 
recommended values except the sample 1. 

A modified quantity of radium equivalent 
activity is the external hazard index (Hex  ), which is 
defined as follows [7]: 

 
The value of Hex must be lower than unity in 

order to keep the radiation hazard in significant. The 
maximum value of unity for Hex corresponds to the 
limit of 370 Bqkg-1 for Raeq. The calculated value of 
the external hazard index for the studied samples is 
presented in Table 4 The Hex values ranged from 
0.02to 1.71with an average value of 0.8956.  So, the 
samples meet the condition (Hex ≤1) except the 
samples 1,6 and 8. 
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Table 4: The absorbed dose rate (nGyh-1), annual effective dose (mSvy-1), radium equivalent (Bq/kg), and external hazard for studied  
              samples. 

Code of Absorbed Annual Ra eq Hext samples Dose Rate Effective Dose 
S1 291.04 0.36 629.37 1.71 
S2 56.45 0.07 124.96 0.34 
S3 14.31 0.02 31.31 0.08 
S4 161.97 0.20 349.40 0.95 
S5 50.47 0.06 108.17 0.29 
S6 222.25 0.27 480.30 1.30 
S7 2170.18 2.66 4695.81 12.70 
S8 4388.67 5.38 9500.95 25.68 
S9 375.57 0.46 812.00 2.20 
S10 4342.87 5.33 9400.95 25.41 
S11 17489.20 21.45 37862.73 102.33 
S12 216.59 0.27 469.48 1.27 
S13 1031.11 1.26 2229.59 6.03 
S14 3828.97 4.70 8285.93 22.40 
S15 232.28 0.28 495.61 1.35 
S16 294.76 0.36 632.20 1.72 
S17 267.67 0.33 578.20 1.57 
S18 129.00 0.16 278.62 0.76 
S19 432.74 0.53 936.12 2.54 
S20 294.91 0.36 637.97 1.73 
Range 14.31-17489.2 0.018-21.45 31.31-37862.73 0.08-102.33 
Average 1814.55 2.23 3926.98 10.62 
Recommended 
value 59 0.5 370 <1 

 
3.3 Radon Exhalation Measurements: 

 
The CR-39 detectors were positioned in the 

bottom of the bottles cover. The polyethylene bottle 
was sealed and the samples were stored for 14 days. 
During this exposure time, the tracks of alpha 
particles from the decay of radon and its daughters 
that had entered the air volume of the cans were 
registered in the CR-39 SSNTDs. The SSNTDs were 
removed from the cans and etched chemically in a 
6.25 N NaOH solution at 70 ± 1 oC for 6 hours to 
display and enlarge the latent alpha tracks due to 
radon decay. The etched tracks on the detectors were 
counted manually, using an optical microscope at 
400× magnification. This area of one field of view 
was calculated by a stage eyepiece and the track 
density was calculated in terms of tracks per cm−2, 
accordingly. The background track density was 
determined by processing a virgin detector under the 
same etching conditions. The background was 
subtracted from the measured track density. In order 
to obtain realistic statistics of the tracks, 100 fields 
of view were selected randomly on the detector 
surface, and used to compute the radon activity from 
the track density. The radon exhalation rates were 
calculated from the studied samples according to: 
 
EX = CVλ/ A (T + 1/λ (e-λT – 1)) 

 
where C is the radon concentration (in Bqm–3), 

V is the effective volume of the can in m3, λ is the 
decay constant (in h–1), A is the area of the can in m2 
and T is the exposure time in hours [14]. 

Values of radon activities and radon exhalation 
rates from the soil samples were measured using the 
‘‘Sealed Can technique” and given in Table 5. 

Radon activities are found to vary from 39.049 to 
1724.34Bq m-3 with an average value of 1320.325 
Bqm-3 whereas the radon exhalation rate varies from 
0.0079 to 1.32Bq m-2 h-1 with an average value of 
0.27 Bq m-2 h-1. The values of the radon exhalation 
rate from the soil samples are found to correspond 
with the values of uranium concentrations measured 
by the germanium detector for the same sample. 
Linear relation has been found between the activity 
concentrations of uranium and radon exhalation rate.  
Radon exhalation rates strongly depends on the 
parameter like (i) uranium content (ii) presence of 
enriched soil or rock and (iii) the permeability, 
moisture content, relative humidity and associated 
meteorological parameters.  

Activity ratio of 238U/226Ra table 2 --ranges from 
1.9 to 4.66 far from unity show that 238U and 226Ra 
are in disequilibrium condition. Also abundance 
ratio of 232Th /238 Uranges from 0.03 to 1.49 which is 
far from natural ratio (3).This explains that uranium 
could be added to the studied samples, location. 
Good correlations between 222Rn &238U 
and222Rn&226Ra as shown in Fig.7&8 reflect that the 
transportation of uranium was accompanied by radon 
movement. Measured activity of 40K has no 
significant values except for sample 9. 

The emanation coefficient in this case can be 
defined as the ratio between the radon activity 
outside the material   and the radium activity 
inside the material (ARa) [18] as expressed in 
equation: 

 

 



6582                     A. Nada et al, 2013 /Journal Of Applied Sciences Research 9(10), December, Pages: 6574-6584 

 

This emanation coefficient (η) has been 
calculated by using the above equation for different 
samples and listed in Table 5. Results show that 

emanation coefficient may be dependent on sample 
type rather than on present radium activity

 
Table 5: Radium & Radon Activity concentrations, Radon exhalation rate and Emanation coefficient  

Code of Samples Activity   Concentration of 
Ra-226(γ)Bq/Kg 

Activity   Concentration 
of Rn-222(α) Bq/Kg 

Radon exhalation rate 
(Bqm-2h-1) Emanation coefficient 

S1 513.82 19.85 0.02 0.04 

S2 62.99 2.56 0.00 0.04 

S3 24.91 1.75 0.00 0.07 

S4 267.45 24.00 0.02 0.09 

S5 90.98 5.43 0.01 0.06 

S6 456.80 48.21 0.06 0.11 

S7 4628.40 219.55 0.24 0.05 

S8 9461.77 258.09 0.28 0.03 

S9 758.51 50.36 0.06 0.07 

S10 9368.33 216.37 0.27 0.02 

S11 37677.02 614.28 0.67 0.02 

S12 455.56 41.27 0.05 0.09 

S13 2082.71 302.39 0.32 0.15 

S14 8223.91 212.75 0.26 0.03 

S15 418.43 56.23 0.06 0.13 

S16 513.82 88.98 0.10 0.17 

S17 431.24 51.32 0.05 0.12 

S18 206.65 3.94 0.00 0.02 

S19 764.01 89.51 0.08 0.12 

S20 563.43 54.88 0.05 0.10 

 
 

 
 
Fig. 7: Radon activity (Bq/m3) vs238U (Bq/Kg) for different samples 
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Fig. 8: Radon activity (Bq/m3) vs226Ra (Bq/Kg) for different samples. 
 

Conclusion: 
 
Present investigation system was used to measure 
radionuclides as well as radon activity distribution. 
The results indicated that the mean activities for all 
samples shows 84% contribution of uranium and the 
rest is shared between other isotopes. This may be 
benefit for uranium processing on these samples. 
The maximum radon concentration present at sample 
11. Radon exhalation rate was calculated, using a-
track detector with average 0.27Bq m-2 h-1. The 
annual effective dose was also calculated for the 
different location. 
The total gamma mean absorbed dose rates due to 
the presence of 232Th, 238U and 40K in these samples 
in different locations varied from 14.26 to 1031.83 
nGyh-1. These values correspond to an annual 
effective dose equivalent of 0.02-0.5 mSvy-1, which 
is in agreement with the worldwide average for 
outdoor annual effective dose.  
Also Radon concentration levels and radon 
exhalation rates were calculated, using the radon 
chamber. Results showed that the radon varies 
linearly with uranium concentration. 
The estimated dose rates, the mean radium 
equivalent activity and external hazard index in the 
studied area are higher than the recommended values 
expect for samples (3, 5 and 8). The annual effective 
doses in the present work were determined to assess 
the radiological hazards calculation. A higher value 
than that recommended one  has been found for S7, 
S8, S10, S11 and S14, but for the rest of the samples 
it was lower than recommended value 
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