Open Journal of Soil Science, 2013, 3, 289-296
Published Online November 2013 (http://www.scirp.org/journal/ojss)
http://dx.doi.org/10.4236/0jss.2013.37034

3% Scientific
9,
43¢ Research

Natural Radioactivity Assessment and Radiological
Hazards in Soils from Qarun Lake and Wadi El Rayan in
Faiyum, Egypt

Saher M. Darwish', Samia M. El-Bahi’, Amany T. Sroor’, Najat F. Arhoma'

'Physics Department, Faculty of Science, Cairo University, Giza, Egypt; *Nuclear Physics Laboratory, Ain Shams University, Fac-
ulty of Girls, Heliopolis, Cairo, Egypt.
Email: samia_elbahi@yahoo.com

Received September 21%, 2013; revised October 21%, 2013; accepted October 28", 2013

Copyright © 2013 Saher M. Darwish et al. This is an open access article distributed under the Creative Commons Attribution Li-
cense, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

The activity concentrations of naturally occurring *U, ***Th and *’K in surface soils along Qarun Lake and Wadi El
Rayan located in Faiyum, Egypt were determined. The measurements were carried out through gamma-ray spectrome-
try using a coaxial HPGe detector. The results were compared with those reported in the literature. The radiological
hazard radium-equivalent activity index, external and internal indices, radioactivity level index, absorbed dose rate,
annual effective dose rate and total absorbed dose rate associated with radioactivity in all samples were evaluated and
compared with recommended values. Correlation studies between pairs of radionuclides were performed and discussed.
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1. Introduction

Natural environmental radioactivity and the associated
external exposure due to gamma radiation depend prima-
rily on the geological and geographical conditions, and
appear at different levels in the soils of each region in the
world [1-4]. Study of the level of radionuclides distri-
bution in the environment provides essential radiological
information [5-8]. The radiological hazard implication of
these radionuclides is due to the internal exposure origi-
nating from radionuclides in diet and from inhaled radon
gas as well as external exposure generated by cosmic ray
and gamma-rays emitted by radioactive element. There-
fore, the assessment of gamma radiation dose from natu-
ral sources is important as natural radiation is the largest
contributor to external dose of the world population.

The aim of this study is to assess the environmental
natural radioactivity level in surface soils collected from
Qarun Lake and Wadi El Rayan region located in Faiyum,
Egypt using a coaxial HPGe detector in a low background
configuration through gamma-ray spectrometry techni-
que. This area falls within the agricultural, industrial and
urban communities and tourist area which makes this
study worthy. It also aims to establish a data baseline to
the radioactivity study for the area under investigation
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that has not been investigated before.

2. Experimental Technique
2.1. Site Description

Twenty four soil samples are collected from Qarun Lake
and Wadi El Rayan in El Faiyum, Egypt (Figure 1). El
Faiyum located 130 km southwest of Cairo. Qarun Lake
is a closed saline lake, located in the deepest part of El
Faiyum depression at the western desert, 70 km south
Cairo-Egypt between longitudes 30°24' & 30°49'E and
latitudes of 29°24' & 29°33'N. Lake Qarun is remnant of
an ancient prehistoric lake (Lake Moris). It has an area of
about 200 km?. Its greatest length from southwest to nor-
theast is 40 km, and its greatest width is about 5 km. It is
surrounded by vast desert at the northern shore and cul-
tivated lands at the south. It is used as a reservoir for the
drainage water which is loaded with salts, nutrients and
pesticides that may accumulate and eventually contami-
nate the aquatic environment of El Faiyum province [9,
10]. The drainage water leads to great leaching of salts
due to the high evaporation particularly in summer. So,
the salinity of the lake increased vigorously with time
passes. At the present its salinity is somewhat below that
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Figure 1. Location map of Qarun Lake and Wadi El Rayan.

of the Mediterranean Sea; 32.28% [11].

The valley of Wadi El Rayan stretches on an area of
1759 km?. It lies 65 km southwest of El Faiyum city and
80 km west of the River Nile. The reserve is composed
of about 50.90 km?” upper lake, 62.00 km?® lower lake and
water falls between the two lakes. In addition to springs,
of which three are sulphuric springs at the southern side
of the lower lake, with extensive mobile sand dunes.
Wadi El Rayan waterfalls considered being the largest
waterfalls in Egypt. This region suffers from complex
problems of pollution as a result of the high salinity in
the water and presence of sewage, agricultural drainage
flows inside it. Qarun lake water level is currently about
44 m below mean sea level. Recently, it has risen gra-
dually as a result of an increase in water discharge from
agricultural drains and seepage from groundwater aqui-
fers that are probably fed from the Wadi El Rayan Res-
ervoir [12,13].

2.2. Sampling Preparation

Twelve surface soil samples from Qarun lake (Q; to Q;,)
and twelve soil samples from Wadi El Rayan (W, to W),
were collected from different locations along 12 kilome-
ters, where the distance between each two samples is
about one kilometer. The twenty four samples each about
1 kg in weight, were ground, homogenized and sieved to
about 200 mesh size by a crushing machine. The soil
samples were air dried and kept in oven for 48 hours at
110°C. Weighed samples were placed in polyethylene
bottles of 250 cm® volume. The bottles were completely
sealed for more than one month to allow radioactive
equilibrium to be reached between **U and ***Th and
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their corresponding daughters to be measured by gamma
spectrometry.

2.3. Counting System

The detection system consists of an ORTEC hyper pure
germanium (HPGe), preamplifier, spectroscopy, ampli-
fier, high voltage power supply and the pulse height mul-
tichannel analyzer. The HPGe detector has a full width at
half maximum (FWHM) of 0.9 keV at the 122 keV
gamma transition of >’Co and 1.85 keV at 1332.5 keV of
%Co gamma transition. To reduce the gamma-ray back-
ground, a cylindrical lead shield with a fixed bottom and
a movable cover shielded the detector. The lead shield
contained two inner concentric cylinders of copper and
cadmium to prevent interference X-rays by lead. The
energy calibration of the HPGe spectrometer was carried
out by using standard point sources (“°Co, *’Cs, **Ra
and **'Am). Absolute efficiency calibration curves are
calculated for activity determination of the sample by us-
ing standard ***Th and >**U with activities of 1333.96 and
2120.37 Bq, respectively, contained in the same cylindri-
cal bottles as the samples. The standards and the samples
were prepared with a uniform geometry. In order to de-
termine the background distribution in the environment
around the detector, an empty bottle was counted in the
same manner and geometry as the samples. The back-
ground spectra were used to correct the areas of gamma
rays for measured isotopes. The quality assurance of the
measurements was carried out by a daily efficiency and
energy calibration and repeating each sample measure-
ments. The individual samples were either placed on the
detector manually during the work and each sample was
analyzed for a time of 70000 seconds to obtain the gam-
ma-ray spectrum with good statistics. The gamma emitt-
ing radionuclide specifically recorded was ***U, **Th
and “K.

The **U radionuclide was estimated from the 351.9
keV (36.7%) and 295.2 keV (13.3%) gamma peaks of
21Pb and 609.3 keV (46.1%), 1120.3 keV (15%), and
1764 keV (15.9%) gamma peaks of *'*Bi. **Th radio-
nuclide was estimated from the 338.6 keV (11.27%) and
911.1 keV (29%) gamma peaks of **Ac and 583.1 keV
(84.5%) and 2614.7 keV (9.9%) gamma peaks of 2**TI
and 238.6 keV (43.6%) gamma peak of *'*Pb. *)K radio-
nuclide was estimated using 1460.8 keV (10.7%) gamma
peak from *“K itself was used to determine the concen-
tration of *’K in different samples.

3. Results and Discussion

Analyzing the samples of Qarun Lake and Wadi El Ra-
yan, the activity concentrations for the measured radio-
nuclides of ***U and ***Th are obtained. The activity con-
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centration values of '*Pb and *'*Bi for ***U-series, are
varied from 6.28 to 16.62 and 15.65 to 33.15 Bqg/kg for
samples of Qarun Lake and varied from 4.59 to 12.43
and 9.12 to 17.09 Bq/kg for samples of Wadi El Rayan,
respectively. Similarly for ***Th-series, the activity con-
centration values of **Ac, ***T1 and *'*Pb are varied from
13.88 to 41.01, 3.42 to 24.37 and 3.64 to 14.99 Bq/kg for
samples of Qarun Lake and varied from 10.44 to 23.30,
6.87 to 16.41 and 0.826 to 10.18 Bq/kg for samples of
Wadi El Rayan, respectively.

3.1. Activity Concentrations and Ratios

The activity concentrations of the nuclides reported in
each series were used to give the average values of the
activity concentrations of **U and ***Th for all samples
of Qarun Lake and Wadi El Rayan listed in Tables 1 and
2, respectively. Also the measured activity concentration
of “K are presented for all samples. It is apparent that the
activity concentrations for soil samples of Qarun Lake
are ranged from 9.87 to 27.28 Bq/kg, 9.35 to 26.67 Bg/kg
and 958.32 to 3306.39 Bq/kg, with mean values 15.92
Bg/kg, 15.22 Bq/kg and 1644.66 Bg/kg for 2*U, ***Th
and “’K respectively. The activity concentrations for soil
samples of Wadi El Rayan are ranged from 6.8 to 14.56
Bqg/kg, 6.64 to 19.63 Bg/kg and 675.66 to 1288.01 Bq/kg,
with mean values 10.21 Bg/kg, 11.05 Bg/kg and 927.44
Bg/kg for 2*U, #**Th and *’K respectively. The mean ac-
tivity concentrations of 281, 22Th and “)K are 0.37, 0.44
and 3.22 times of the world wide average concentra-
tions of these radionuclides 35, 30 and 400 Bg/kg, re-

Table 1. Average activity concentrations of **U, 2 Th and
K (in Bg/kg) as well as the *U/*>Th and **U/*’K ratios in
surface soil samples of Qarun Lake.

238 232 40
Sérglé);e BqTEg BT;I;(hg B?}lig BRRTY, BIYAK
Ql 12.50 1079  1022.05 1.16 0.012
Q, 13.85 1134 1149.62 1.22 0.012
Qs 16.59 1584  1684.59 1.05 0.010
Q, 20.53 21.56  2347.96 0.95 0.009
Qs 16.59 1132 1678.04 1.47 0.010
Qs 13.07 13.11 1246.00 1.00 0.010
Q; 9.87" 9.35" 958.32° 1.06 0.010
Qs 16.08 14.91 1666.59 1.08 0.010
Qo 14.37 1477 146834 0.97 0.010
Qio 12.87 13.07  1280.14 0.98 0.010

Qu 27.28" 26677 3306.39™ 1.02 0.008
Qn 17.49 19.89  1927.88 0.88 0.009

Mean value  15.92 1522 1644.66 1.05 0.010
P.L. 35 30 400

“The lowest value; “The highest value.
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Table 2. Average activity concentrations of 2*U, *** Th and
YK (in Bq/kg) as well as the 2*U/>? Th and *®U/*K ratios
in surface soil samples of Wadi El Rayan.

238 232 40
Sgr;l([j)ée B?}Eg fvihg BqTIIig PR RTY,  BBUAK
w, 7.87 8.57 964.56 0.92 0.008
W, 10.89 12.01 1013.09 0.91 0.011
W 9.83 11.04 881.94 0.89 0.011
W, 7.62 6.64" 728.16 1.15 0.010
W; 6.86" 7.03 675.66" 0.98 0.010
W 9.98 9.76 124421 1.02 0.008
W, 7.19 7.51 713.01 0.96 0.010
Wi 10.41 10.84 864.52 0.96 0.012
W, 10.13 9.95 1288.01" 1.02 0.008
Wio 12.91 14.94 902.85 0.86 0.014
Wi 14.56™  19.63"  950.38 0.74 0.015
Wi, 14.29 14.69 902.85 0.97 0.016
Mean value  10.21 11.05 927.44 0.92 0.011
PL. 35 30 400

“The lowest value, “"The highest value.

spectively reported by [8]. In regard to the high values of
*K activity concentrations, at this stage it is not yet clear
whether this is a result of geological variation or reflects
some influence of the intensive farming activities in the
area under study.

The **U/**Th and **U/*K concentration ratios were
evaluated from the measured values of activity concen-
trations. The mean values of **U/**Th and **U/*K ra-
tios were 1.05 and 0.010 for Qarun lake and 0.92 and
0.011 for Wadi El Rayan soil samples, respectively. These
are comparable to the mean values reported for the soils
of Greece (1.10 + 44% and 0.06 + 56%, [14]), USA (1.15
and 0.11, [15]), India (1.42 and 0.26 [16]). and China
(0.76 and 0.06, [15]).

3.2. Radiological Hazard Indices

The activity concentrations of ***U, ***Th and *’K mea-
sured in each of the studied samples indicate the quantity
of radioactivity present but do not provide a measure of
radiation hazard. The hazard associated with radioac-
tivity in samples is assessed through hazard indices. A
hazard index is a parameter that is represented by a sin-
gle value that takes into account the measured activity
concentrations of >**U, **Th and *’K in the sample. The
various types of radiological hazard indices are the ra-
dium equivalent activity, external and internal hazard in-
dices, radioactivity level index, dose rate, annual effec-
tive dose and total absorbed dose rate.

The radium equivalent activity index (Ra.,) can be cal-
culated from the following relation [17]:
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Ra,, = A, +1.43 4, +0.077 4,

where Ag,, A, and Ay are the activity concentrations in
Bg/kg of **U, #**Th and *’K, respectively.

The external (H.,) and internal (H;,) hazard indices
due to the emitted gamma-rays of the samples are calcu-
lated and examined according to the following criterion
[17]:

H, = Ay, [370+ A4, /259+ 4, /4810 <1
H, = Ay, [185+ 4, /259 + 4, [4810<1

The representative level index (/,) is defined from the
following formula [18]:

1, = Ay, [150+ A, /100 + 4, /1500 <1

Absorbed dose rate: The absorbed gamma dose rate in
air at 1 m above the ground level using the following
equation [8]:

D,, (nGy/h)=0.427 4, +0.662 Ay, +0.043 4,

The annual effective dose rate (AED) outdoors in units
of uSv per year is calculated by the following formula
[8]:

Annual effective dose rate
=D, (nGy/h)x8760 hx0.2x0.7 (Sv/Gy)xlO"3

In the UNSCEAR (2000), the committee used 0.7
Sv/Gy for the conversion coefficient from absorbed dose
in air to effective dose received by adults and 0.2 for the
outdoor occupancy factor.

The absorbed dose rate in air surrounded by infinite
thicknesses of soils can be calculated according to the
following formula (Dy,) [19,20]:

D,, =0.104 4, +0.130 4, +0.09 4,

where D, (107 Gy/hr) refers to the total absorbed dose
rate.

Table 3 gives the radium equivalent (Ra.,) in (Bg/kg),
external He, and internal H;, hazard indices in (mGy/y),
radioactivity level index (I,;), dose rate in (nGy/h), an-
nual effective dose rate outdoor in (uSv/y) and total ab-
sorbed dose rate in air surrounded by infinite thicknesses
of study area Dy, (10 °Gy/h) for soil samples from Qarun
lake and Wadi El Rayan. The calculated values of of ra-
dium equivalent Ra, due to the presence of 38U, 2Th
and *’K in soil samples are ranged from 97.03 to 320.01
Bg/kg and from 68.94 to 123.54 Bq/kg for Qarun lake
and Wadi El Rayan samples, respectively which are lo-
wer than the recommended limit 370 Bg/kg [8]. The cal-
culated values of external hazard and internal hazard in-
dices are ranged from 0.26 to 0.86 and from 0.29 to 0.94
mGyly, respectively for Qarun lake and ranged from 0.18
to 0.33 and 0.21 to 0.36 mGy/y, respectively for Wadi El
Rayan. Both are lower than unity that keeps the radiation
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hazard insignificant.

The values of the of radioactivity level index 7, are
ranged from 0.79 to 2.65 for Qarun Lake samples, which
is higher than the recommended unity value except for
the three Q;, Q, and Q; samples which are lower than
unity. The values of radioactivity level index /,, are rang-
ed from 0.57 to 1.03 for Wadi El Rayan samples, which
are lower than the recommended value unity. The values
of absorbed dose rate are ranged from 51.61 to 171.48
nGy/h for Qarun lake samples which is higher than the
recommended limit (59 nGy/h) [8], except for values of
Q; and Q; samples which are lower than the recommen-
ded limit. The values of the absorbed dose rate for Wadi
El Rayan samples are ranged from 36.64 to 66.29 nGy/h
and most of these values are lower than the recommen-
ded limit [8], except for values of the three samples W,
Wy and W,; which are higher than the recommended li-
mit.

Table 3 also presents the resulting average annual ef-
fective dose range from 63.29 to 210.30 and from 44.93
to 81.31 uSv/y, for Qarun lake and Wadi El Rayan sam-
ples, respectively which is lower than the world wide
average annual effective dose approximately 500 pSv/y
[8]. In this work also, the lowest absorbed dose rate in air
surrounded by infinite thicknesses value of study area
was found to be 88.49 and 62.44 (10~* Gy/h), while the
highest value was found to be 303.88 and 118.27 (10°®
Gy/h) for Qarun lake and Wadi El Rayan samples. Dy,
(107 Gy/h) refers to the total absorbed dose rate.

3.3. Comparison of Activity Concentrations with
Similar Studies

The activity concentrations of **U, **Th and *K ob-
served in the present study were compared with similar
literature values of different soils in other regions in Egy-
pt and other countries in the world abroad [8,14,21-36],
and the summary of the results is given in Table 4. We
find that Qarun lake and Wadi El Rayan soil samples
have a highest value of potassium than other areas in
Egypt. According to UNSCEAR report, 2000 [8], the
world average value of activity concentrations in Egypt
for 2*U, #?Th and “’K are 5 - 64 Bq/kg (mean value 17
Bg/kg), 2 - 96 Bg/kg (mean value 18 Bq/kg) and 29 -
6590 Bg/kg (mean value 320 Bq/kg), respectively. soil,
were within the world average range in Egypt.

As shown in Table 4, the radioactivity in soils vary
from one country to another. It is important to point out
that these values are not representative values for coun-
tries mentioned but for the region from where the sam-
ples were collected.

3.4. Correlation Studies

In order to find the extent of the existence of these radio-
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Table 3. The values of radium equivalent in (Bq/kg), external and internal hazard indices in (mGy/y), dose rate in (nG/hr),
annual effective dose (AED) in (uSv/y) and total absorbed dose rate in (10_8 Gy/hr) for soil samples from Qarun Lake and

Wadi El Rayan.

Sample Code Rag, (Bg/kg) Hex (mGyly) H;, (mGyly) L, Dose rate (nGy/h)  AED (uSvly) D.x (10~ Gy/h)
Q 106.63 0.29 0.32 0.87 56.43 69.20 94.69
Q 118.59 0.32 0.36 0.97 62.85 77.09 106.38
Qs 168.95 0.46 0.50 1.39 90.01 110.39 155.39
Q4 232.15 0.63 0.68 1.92 124.00 152.08 216.25
Qs 161.99 0.44 0.48 1.34 86.73 106.37 15422
Qs 127.76 0.35 0.38 1.05 67.84 83.19 115.20
Q; 97.03" 0.26" 0.29 0.79" 51.61" 63.29" 88.49"
Qs 165.73 0.45 0.49 1.37 88.39 108.41 153.60
Qo 148.55 0.40 0.44 1.22 79.05 96.95 135.57
Qo 130.13 0.35 0.39 1.07 69.19 84.86 118.25
Qu 320.01°" 0.86" 0.94" 2.65" 171.48" 210.30™ 303.88"
Qn 194.38 0.53 0.57 1.60 103.53 126.97 17791
W, 94.39 0.26 0.28 0.78 50.51 61.95 88.74
W, 106.07 0.29 0.32 0.87 56.16 68.89 93.87
W 93.53 0.25 0.28 0.76 49.43 60.62 81.83
W, 73.18 0.20 0.22 0.60 38.96 47.78 67.19
Ws 68.94" 0.19 021" 0.57" 36.64" 44.93" 62.44"
W 119.74 0.32 0.35 0.99 64.22 78.76 114.29
W, 72.83 0.19 0.22 0.59 38.70 47.46 65.89
Wi 92.48 0.25 0.28 0.75 48.79 59.84 80.29
Wo 123.54" 0.33" 0.36" 1.03” 66.29" 81.31" 118.27"
Wio 103.79 0.28 0.32 0.84 54.23 66.50 84.54
Wi 115.81 0.31 0.35 0.93 60.09 73.68 89.60
Wi, 104.82 0.28 0.32 0.84 54.65 67.02 84.65
PL 370 1 1 1 59 500

"The lowest value; “The highest value.

Table 4. Comparison of activity concentrations of 2**U, *’Th and K in (Bq/kg) for surface soil samples of the present work with different

locations in Egypt and the world abroad. Figures in brackets are arithmatic means.

Location

U (Bg/kg)

#2Th (Bq/kg)

“K (Bq/kg)

Reference

Qarun Lake, Egypt
Wadi El Rayan, Egypt
Al Arish, Sinai Coast

El-Qatamia, Egypt
Red Sea Coast, Egypt

Beach Sand, Egypt
Burullus Lake, Egypt

Egypt
Turkey
West Coast of India
Kalpakkam, India
China
Taiwan
Greece
Spain
Japan
Ireland
Bangladesh
Namibia
USA

World Average

9.87 - 27.88 (15.92)
6.86 - 14.56 (10.21)
83
0-156.1
9.7-62.0 (25.3)
135+1.4
5-64(17)
82.3-167.0 (115)
8.2 - 68.4 (30.6)
5-71(16)
40.2-442 (112)
36
1-238 (25)

13 - 165 (46)
6-98 (33)

100 - 200 (60)
84
45-48 31)

8 - 160 (40)

8-160 (32)

9.35 - 26.67 (15.22)
6.64 - 19.63 (11.05)
92
5-37.28
2.3-221.9 (31.4)
177
17417
2-96(18)
151.9 - 275.6 (192)
5.9-77.2(38.2)
15 - 776 (119)
32.6-88.1 (71.5)
14.8 - 44.4
1-193 21)
7-204 (49)
2-88(28)
3-60(26)

141
3-38(32)
4-130 (35)

4-130 (40)

958.32 - 3306.39 (1644.66)
675.66 - 1288.01 (927.44)
112
41.53-418
97.6- 1011.3 (427.5)
815
341425
29 - 6590 (320)
1015.5 - 1484.9 (1207)
14.6 - 344.9 (152.2)
200 - 854 (406)

440 - 913 (672)
148-814
12 - 1570 (360)

48 - 1586 (650)

15 -990 (310)

40 - 800 (350)

1944
42 - 1100 (480)

100 - 700 (370)

100 - 700 (420)

Present work
Present work
[21]
[22]

[23]

[24]

[25]

[8]

[26]

[27]

[28]

[29]

[30]

[14]
[31]
[32]

[33]

[34]

[35]

[36]

(8]
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active nuclides together at a particular place, correlation
studies were performed between the combination of ra-
dionuclides (***U, **Th), (**U, *K) and (***Th, “K).
Figure 2 clearly shows a strong correlation between the
activities of (**U, #?Th), (**U, “K) and (**Th, *K)
with N = 12 (number of samples in each site) and R* =
0.86, 0.98 and 0.90, respectively for Qarun lake samples.
The strong correlations between the activities indicate
that the individual result for any one of the radionuclide
concentration in each pair is a good predictor of the con-
centration of the other. Figure 2 also shows a strong cor-
relation between (***U, **?Th) only with N = 12 and R* =
0.91 which means that the two elements accompanied
each other, but there is weak correlation between (**U,
“K) and (**Th, “’K) with N = 12 and R*=0.11 and 0.05,
respectively for Wadi El Rayan samples. It appears in
most figures that the number of points less than twelve
because points having the same activity concentration in
more than one sample (with little difference) coincidence
with each other.

4. Conclusions

The level of naturally occurring radioactivity in surface
soil samples collected from Qarun Lake and Wadi El Ra-
yan region in Faiyum was evaluated using HPGe gam-
ma-ray spectrometry. The results show that the mean ac-
tivity concentrations of 2**U, **Th in soils of Qarun lake
and Wadi El Rayan are comparable to reported world-

30
% 25 v=1.045x-1.427
%r 20 © R™=0.860
g I3 «232Th
X 150 Linecar
QI 0 . . (232Th)
£ 0 10 20 30
U-238 (Bq/Kg)

~ 3500
on
< 30001 s i
g %(5)88 ‘lgi/’j 40K =076
S 1000 -
z o Ly
N T T .

0 10 20 30

U-238 (Bg/Kg)

3500
% 3000 1 >
M 2500 v=122.2x-215.6
3 %(5)88 - *  R=0.900
S 1000 M
T 500 Linear
v 200 ] ‘ i (40K)
0 10 20 30

Th-232(Bq/Kg)
(Qarun Lake)

wide range and mean values identified by UNSCEAR
(2000). For *’K, the measured activity concentrations are
high in both locations compared to the worldwide mean
value. It is not yet clear whether this is a result of geolo-
gical variation or reflects some influence of the intensive
farming activities near the area under study. The use of
fertilizers in large extent in agricultural soils has affected
radionuclides concentration, and especially potassium con-
taining fertilizers are one of the causes of presence of
high activity of “’K in soil.

Also, the results can be useful in the assessment of the
radium equivalent (Ra.,), external (H) and internal (H;,)
hazard indices, radioactivity level index (I,,), dose rate
(D), annual effective dose rate (AED), outdoor and total
absorbed dose rate in the air surrounded by infinite thick-
nesses of study area Dy, due to naturally radioactive ele-
ment contents in soil samples from Qarun lake and Wadi
El Rayan. Obtained values fall generally below the rang-
es reported for the worldwide and mean values identified
by UNSCEAR (2000) for both locations except for the
high values obtained in some of the Qarun Lake soil
samples for 7,, D, AED and Dy,. In regard to the high
values, at this location, it is not yet clear whether this is a
result of geological variation or reflects some influence
of the intensive farming activities in the area under study.
The inhabitants around Qarun lake are using the water to
irrigate their crops and some of them for washing.
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Figure 2. Correlations between concentrations (*®u, B2Th), 33U, *K) and (***Th, “’K) for soil samples from Qarun Lake and

Wadi El Rayan in Faiyum, Egypt.
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We also noticed that there are strong correlations be-
tween (Z°U, *?Th), (**U, *K) and (**Th, *K) in soil
samples from Qarun Lake, which means that the two ele-
ments accompanied each other. Samples of Wadi El Ra-
yan showed strong correlation between (**U, **2Th),
which means that the two elements accompanied each
other, while there is weak correlation between (***Th, *’K)
and (P*U, *K). These results would be useful for estab-
lishing a data baseline on the gamma background radi-
ation levels in Qarun Lake and Wadi El Rayan in Faiyum
and represent a basis to assess any further changes in the
radioactivity background levels due to various geologi-
cal processes or any artificial influences around the area
under considerations.
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