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The activity concentrations of naturally occurring radioactive materials such as 238U, 232Th and 40K were measured for 38 soil
samples collected from diverse zones in the southern area of West Bank, Palestine using gamma-ray spectroscopy. The
measured activities of 238U, 232Th and 40K were found to range from 32.9 to 104.7, 14.5 to 76.6 and 297 to 962 Bq kg21 with
averages value of 68.7, 48.0 and 630 Bq kg21, respectively. The obtained values of activity concentrations are higher than the
world average of 35, 30 and 500 Bq kg21 for 238U, 232Th and 40K, respectively. The measured 137Cs activity concentration
was found to range from 1.8 to 36.1 Bq kg21 with an average value of 8.5 Bq kg21. The detected activities were attributed to
the fallout of 137Cs, which is the only man-made radionuclide. The calculated average of the total gamma-radiation dose rate
of natural radionuclides, 137Cs and cosmic radiation is 121.4 nGy h21. The radium equivalent activity (Raeq), dose rate (Dr),
external hazard index (Hex) and radioactivity level index (Ig) in all samples are presented. Some values were found to be in
the range of worldwide values, whereas others were above the worldwide values.

INTRODUCTION

Mankind is continuously exposed to background
ionizing radiation from cosmic and terrestrial
sources. The magnitude of the background radiation
depends with altitude and geology.

The naturally occurring radionuclides present in
soil include 226Ra, 232Th and 40K. Knowledge of the
distribution of these radionuclides in soil and rock is
of great importance for radiation protection and
measurements. It was found that exposure to some
radiation resulting from certain nuclides such as 40K
is fairly constant and uniform for all individuals
everywhere; other exposures vary widely depending
on location; for instance, cosmic rays are more
intense at higher altitudes. Besides, concentrations of
238U and 232Th in soils have higher values in loca-
lised areas(1,2).

Soils and rocks contribute to environmental radio-
activity in two ways. First, external dose is received
by direct exposure to gamma radiation (whole body
dose) and in some cases by beta radiation (skin
dose). Secondly, internal dose is received by inhala-
tion of the radioactive daughters of radon (a noble
gas), which is released from soil. Radon gas contrib-
utes more than half of the background radiation in
regions having very high natural radionuclide con-
centrations, such as of uranium and thorium(3).

A previous study reported high natural alpha par-
ticle radioactivity in the soil in some parts of
Hebron district(4). A more recent study of activity
concentrations of natural occurring radionuclides in

soil samples collected from several areas in Hebron
district was performed by Dabayneh(5).

The purpose of the present study is to measure
activity concentrations and to estimate the radiologi-
cal effects and gamma-ray absorbed dose of natu-
rally occurring, radionuclides such as 226Ra, 232Th
and 40K in soil samples collected from several areas
located in the Southern part of the West Bank,
Palestine, using gamma-ray spectrometry.

MATERIALS AND METHODS

A total of 38 surface soil samples were collected
from five sites of the southern part of West Bank,
Palestine, using a template 25 cm by 25 cm in area
and 5 cm in depth(6). The sites are: Beit Umar (10
samples), Halhul (7 samples), Al-Fawar (5 samples),
Yatta (8 samples) and Al-Dahria (8 samples)
(Figure 1). In Figure 1a, the location of the study
area within the West Bank is displayed, and
Figure 1b exhibits the sample collection locations of
the Hebron district. The samples were dried, sieved,
packed in 1 l Marenilli beaker and sealed for 4
weeks to reach secular equilibrium between 226Ra
(daughter of 238U) and 232Th with their daughter
nuclei(7).

After the isolation period, soil samples were
analysed using a gamma-spectroscopy system
consisting of an HPGe detector with 15% rela-
tive efficiency, 1.85 keV (FWHM) gamma-energy
resolution at 1332.5 keV of 60Co and MCA with
8000 channel. In order to reduce the gamma-ray
background, a cylindrical lead shield with a fixed
bottom and movable cover must be used to*Corresponding author: drkaleelt@yahoo.com
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shield the detector. The lead shield contained
three inner concentric shells of lead, cadmium
and copper(8).

The calibration of the spectrometer was carried
out using standard sources: 139Ce (166 keV), 203Hg
(279 keV), 113Sn (392 keV), 85Sr (514 keV), 137Cs
(662 keV), 88Y (898 and 1836 keV) and 60Co
(1173 and 1332 keV) in the energy range (166–
1850) keV. The calibration efficiency curve beyond
1850 keV was constructed using different energy
peaks of 226R in order to cover the range from 60
up to 2500 keV(9). The standard source packed in
the Marenilli beaker had the same geometry as
that used for measured samples. An empty bottle
with the same geometry was used for subtracting
the background. The measuring time of both
activity and background measurements ranged
between 4.0 � 104 and 7.0 � 104 s. The back-
ground spectra were used to correct the net
gamma-rays peak areas. Absolute efficiency cali-
bration curves were calculated to study isotopes by
using the last standard sources and chemically
pure KCl dissolved in distilled water at different
concentrations(10).

The activity of 238U was determined using the
gamma-lines 186.2 keV of 226Ra; 295.1 and 351.9
keV of 214Bi and 609.3, 1120.3 and 1764.8 keV of
212Bi. The activity of 232Th was determined using
the gamma-lines 238.6 keV of 212Pb, 583 keV of
208Tl and 338.6 keV, 911.1 and 968.9 keV of 228Ac.
The 40K and 137Cs activities were measured from
their own gamma-ray energies 1461.8 and 661.6 keV,
respectively(11,12).

THEORETICAL BACKGROUND

The activity concentrations

The activity concentration in the environmental
samples was obtained using the following standard
equation(13):

CðBq kg�1Þ ¼ Ca
I � 1ff �M

ð1Þ

where C is the activity concentration measured in
Becquerel per kilogram, Ca the net gamma-counting
rate (counts per second for each peak) and Ca ¼
Casample 2 Cabackground; I the intensity of the
gamma-line in a radionuclide; 1ff the measured effi-
ciency for each gamma-line observed for the same
number of channels either for the sample or for the
background, B.G., and M the mass of the sample
measured in kilograms.

The concentration unit, m, in part per million
(ppm) of U, Th and K percentages in the samples
was calculated from the measured activity values
using the empirical equation(13):

m ð ppmÞ ¼ ð C Mw

NAV ln 2
Þt1

2

� �
� 106 ð2Þ

Here C is measured in Becquerel per kilogram
of the radionuclides, Mw the molecular weight
(g/mol), NAV the Avogadro’s number and t1

2
the half-

life in seconds.

Figure 1. (a) West Bank geographical map of the studied region (Reference: www.fmep.org/maps/map)21 and (b) map
showing the region of collected samples.
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Calculation of radiological effects

In order to assess the health effects from the radio-
activity of the earth’s surface materials containing
238U, 232Th and 40K, the activity of these nuclides is
converted into a single quantity termed the radium
equivalent (Raeq). The radium equivalent activity is
a weighted sum of activities of 226Ra (daughter of
238U), 232Th and 40K based on the assumption that
10 Bq kg21 of 226Ra, 7 Bq kg21 of 232Th and
130 Bq kg21 of 40K produce the same gamma-ray
dose rates. It is calculated by using the following
relation(14):

Raeq ¼ CRa þ ðCTh � 1:43Þ þ ðCK � 0:077Þ ð3Þ

where CRa, CTh and CK are the activity concen-
trations of 226Ra, 232Th and 40K, respectively, in
Becquerel per kilogram. The total air absorbed dose
rate Dr (nGy h21) due to the activity concentrations
of 226Ra, 232Th and 40K was calculated using the
formula(14):

DrðnGy h�1Þ ¼ 0:427CRa þ 0:662CTh

þ 0:043CK ð4Þ

It is worth mentioning that equation (4) is derived
to calculate the absorbed dose rates in air for a
height of 1 m above the ground surface.

The annual effective dose equivalent (AEDE) to a
member of the population can be calculated using
the conversion coefficient from absorbed dose in air
to effective dose (0.7 Sv Gy21), the indoor to
outdoor ratio (1.4), the outdoor occupancy factor
being 0.2 and the indoor occupancy factor being
0.8. Therefore, the annual effective doses outdoors
and indoors equivalent are calculated by using the
relations(11,15,16):

DoutdoorðmSv y�1Þ ¼ DrðmGy h�1Þ � 24 h
�

� 365:25 d� 0:2� 0:7 Sv Gy�1� � 10�6
ð5Þ

and

DindoorðmSv y�1Þ ¼ DrðmGy h�1Þ � 24 h
�

� 365:25 d� 1:4� 0:8� 0:7 Sv Gy�1� � 10�6

ð6Þ

The external hazard index Hex, the emitted
gamma-rays of the soil samples, is calculated and
examined according to the following criterion(17):

Hex ¼
CRa

370
þ CTh

259
þ CK

4810
� 1 ð7Þ

The value of Hex must be lower than unity in
order to keep the radiation hazard insignificant.

The radioactivity level index, Ig, can be used to
estimate the gamma-radiation hazard levels typically
those associated with the natural radionuclides. The
representative level of radiation hazard index can be
estimated according to the following equation(8):

Ig ¼
CRa

150
þ CTh

100
þ CK

1500
� 1 ð8Þ

The total gamma-radiation dose rate is modified
to include the contributions from natural radio-
nuclides, 137Cs and cosmic radiation according to
the following equation(14):

DgðnGy h�1Þ ¼ 0:427CRa þ 0:662CTh

þ 0:043CK þ 0:03CCs þ 34 ð9Þ

where CCs is the activity concentration of 137Cs
radionuclide. The number 34 is a factor included to
ensure that the effects of cosmic rays are
implemented.

RESULTS AND DISCUSSION

The activity concentrations

The activity concentrations for 238U, 232Th, 40K and
137Cs in Becquerel per kilogram for the five sites are
presented in Tables 1 and 2. As it can be seen from
the tables, the activity concentrations of 238U ranged
from 32.9 to 104.7 Bq kg21 with an average value of
68.7 Bq kg21. The 232Th activity concentrations
varied from 14.5 to 76.6 Bq kg21 with an average
value of 48.0 Bq kg21, and that of 40K varies from
297 to 962 Bq kg21 with an average value of
630 Bq kg21. Finally, the 137Cs activity concen-
trations varied from 1.8 to 36.1 Bq kg21 with an
average value of 8.5 Bq kg21.

The observed results show that the average activity
concentrations for 238U, 232Th and 40K for each of
the five investigated sites are higher than the
reported international radioactivity levels of 238U,
232Th and 40K in UNSCEAR (2000), which are 35,
30 and 400 Bq kg21 for 238U, 232Th and 40K,
respectively(15). The recorded high values of the
radionuclides in the soil samples may be due to the
presence of radioactive-rich granite, phosphate,
sandstone and quartzite.

The radionuclide 137Cs was detected in all of the
locations, which is likely due to fallout of previous
worldwide nuclear explosion and reactor accidents.

The radiological effects

The radium equivalent activity of all soil samples
ranges are as follows: from 82.3 Bq kg21 in Beit
Umar area to 278.6 Bq kg21 in Halhul district
(Table 3) with an average value of 185.8 Bq kg21.
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This value is much less than the safe limit
(370 Bq kg21) recommended by the Organization
for Economic Cooperation and Development(18).
Accordingly, any radium equivalent activity concen-
tration that exceeds 370 Bq kg21 may pose radiation
hazards.

The determined absorbed dose rates in air at 1 m
above the ground surface as a result of gamma radi-
ation of the detected natural radionuclides in soil
samples for various sites are listed in Table 3. The
results show that the dose rate varies from 38.9 to
131.4 nGy h21 with an overall average value of
88.2 nGy h21. The obtained values of dose rates are
higher than the world average value of 55 nGy h21(16).

The calculated values of Hex for the soil samples
investigated in this study range from 0.22 to 0.75
with an overall average value of 0.50 (Table 3).
These values are far below the criterion limit and
much less than unity (Hex ,1).

The level index Ig is determined to estimate the
gamma-radiation hazard associated with the natural

radionuclide in the soil samples. The calculated
values for most samples were higher than the inter-
national values (Ig .1).

The results of total gamma-radiation dose rates of
natural radionuclides, 137Cs and cosmic radiation
are presented in Table 2. As can be seen from the
table, the results of total gamma-radiation dose rates
range from 69.6 to 165.5 nGy h21 with an overall
average value of 121.4 nGy h21.

The results of outdoor, indoor and average effec-
tive dose for Southern West Bank are 0.11, 0.61 and
0.72 mSv y21, respectively (Table 4). It can be seen
that the above-mentioned values are higher than the
corresponding worldwide values of 0.07, 0.41 and
0.48 mSv y21, respectively(15).

For the sake of comparison, the levels of
the natural radionuclides in the soil samples of
various other countries are exhibited in Table 5.
As can be seen, the corresponding activity concen-
tration levels of 238U, 232Th and 40K radioisotopes
and the absorbed dose rates obtained from this

Table 1. The activity concentrations of radionuclides in soil samples collected from the southern areas of West Bank,
Palestine.

Zone Sample code No. of samples 238U 232Th 40K

Bq kg21 ppm Bq kg21 ppm Bq kg21 ppm

Beit Umar B1 2 38.7 3.2 14.5 3.6 297 9.7
B2 2 72.5 5.9 47.7 11.8 650 21.3
B3 2 71.2 5.8 40.2 9.9 601 19.7
B4 2 98.0 8.0 66.7 16.5 850 27.9
B5 2 74.2 6.1 42.6 10.5 737 24.2
Average 70.9 5.8 42.3 10.4 627 20.6

Halhul H1 2 51.2 4.2 37.5 9.3 587 19.2
H2 2 81.2 6.6 59.7 14.7 613 20.1
H3 1 104.7 8.5 76.6 18.9 836 27.4
H4 1 64.8 5.3 31.9 7.9 565 18.5
H5 1 78.2 6.4 57.7 14.2 962 31.5
Average 76.0 6.2 52.7 13.0 713 23.4

Al-Fawar F1 1 68.8 5.6 43.9 10.8 527 17.3
F2 2 75.0 6.1 50.8 12.5 681 22.3
F3 1 73.3 6.0 45.7 11.3 631 20.7
F4 1 72.7 6.0 48.5 12.0 645 21.1
Average 72.5 5.9 47.2 11.7 621 20.4

Yatta Y1 2 72.4 5.9 53.4 13.2 609 20.0
Y2 2 64.0 5.3 41.8 10.3 521 17.1
Y3 2 56.5 4.6 49.0 12.1 540 17.7
Y4 2 68.4 5.6 52.7 13.0 628 20.6
Average 65.3 5.3 49.2 12.1 575 18.9

Al-Dahria D1 2 60.6 4.9 55.8 13.8 647 21.2
D2 2 74.7 6.1 61.6 15.2 700 23.0
D3 2 50.7 4.1 50.8 12.5 673 22.1
D4 1 32.9 2.7 22.3 5.5 304 10.0
D5 1 74.3 6.0 52.8 13.0 683 22.4
Average 58.6 4.8 48.7 12.0 601 19.7

Total average 68.7 5.6 48.0 11.9 630 20.7
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study fall within the highest range of most reported
values from other worldwide and neighbouring
areas such as Cyprus, Greece and Spain. In other
words, the South of West Bank may be consi-
dered as one of the regions of the world that
has relatively high concentration levels of natural
radioactivity.

Table 6 shows the 137Cs activity concentration
ranges reported from some of the other countries in
the world(19,20). Shown in this table, the measured
values of 137Cs activity concentration in the present
work are compared with these values. Obviously, the
measured 137Cs activity concentration range is
higher than in many countries.

Table 2. Activity concentrations and total dose rate of natural radionuclides, 137Cs and cosmic radiation in soil samples
collected from five districts of southern west bank, Palestine.

Zone No. of samples Concentration (Bq kg21) Dg (nGy h21)

Range Average Range Average

Beit Umar 10 2.8–14.9 7.5 69.6–162.3 119.5
Halhul 7 5.4–13.2 8.8 101.3–165.5 127.9
Al-Fawar 5 2.5–9.2 5.5 115.2–129.0 123.1
Yatta 8 1.8–36.1 13.8 94.1–132.2 117.6
Al-Dahria 8 3.3–11.3 7.0 76–140 119.0
Total 38 Min. value 1.8 Min. value 69.6

Max. value 36.1 Max. value 165.5
Average value 8.5 Average value 121.4

Table 3. The radium equivalent, dose rate, external hazard index and radioactivity level index of the soil samples of the
southern districts of west bank, Palestine.

Zone Location No. of samples Raeq (Bq kg21) Dr (nGy h21) Hex Ig

Beit Umar B1 2 82.3 38.9 0.22 0.60
B2 2 190.8 90.5 0.52 1.39
B3 2 175.0 82.9 0.47 1.28
B4 2 258.8 122.6 0.70 1.89
B5 2 191.9 91.6 0.52 1.41
Average 179.8 85.3 0.49 1.31

Halhul H1 2 150.0 71.9 0.41 1.11
H2 2 213.8 100.6 0.58 1.55
H3 1 278.6 131.4 0.75 2.02
H4 1 153.9 73.1 0.42 1.03
H5 1 234.7 112.9 0.63 1.74
Average 206.2 98.0 0.56 1.49

Al-Fawar F1 1 172.2 81.1 0.47 1.25
F2 2 200.1 94.9 0.54 1.64
F3 1 187.2 88.7 0.51 1.37
F4 1 191.7 90.9 0.52 1.40
Average 187.8 88.4 0.51 1.42

Yatta Y1 2 195.7 92.5 0.53 1.42
Y2 2 163.9 77.4 0.44 1.19
Y3 2 168.2 79.8 0.45 1.23
Y4 2 192.1 91.1 0.52 1.40
Average 180 85.2 0.49 1.31

Al-Dahria D1 2 190.2 90.6 0.51 1.39
D2 2 216.7 102.8 0.59 1.58
D3 2 175.2 84.2 0.47 1.29
D4 1 88.2 41.9 0.24 0.64
D5 1 202.4 96.0 0.55 1.48
Average 174.5 83.1 0.47 1.28

Total average 185.8 88.2 0.50 1.36
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CONCLUSIONS

It is clear from the analysis of gamma-ray spectro-
scopic data in the present study that the levels of
natural radioactivity of soil samples collected from
the southern part of the West Bank, Palestine, are
higher than the international recommended limit.
The average radioactivity of 238U, 232Th and 40K
is 68.7, 48.0 and 630 Bq kg21, respectively, which
lead to individual (indoor–outdoor weighted)
absorbed dose rate of 88.2 nGy h21, which exceeds
the world average value of 55 nGy h21(16).
Therefore, the average annual effective dose

outdoors, indoors and in total in the region are
estimated to be 0.11, 0.61 and 0.72 mSv y21,
respectively. It can be seen that the total annual
effective dose is greater than the international
value (0.48 mSv y21).

From the activities of 238U, 232Th and 40K, the
radium equivalent activity, the external hazard index
and the radioactivity level index of soil samples
can be calculated. The mean values of the radium
equivalent and external hazard index determined in
the soil of the study area are lower than the corre-
sponding permissible limits (370 Bq kg21 and 1).

Table 4. The annual effective doses outdoors and indoors equivalent and the total annual effective dose for the soil samples
of southern districts of West Bank, Palestine.

Zone Doutdoor (mSv y21) Dindoor (mSv y21) Total AEDE (mSv y21)

Range Average Range Average

Beit Umar 0.05–0.15 0.11 0.27–0.84 0.59 0.70
Halhul 0.09–0.16 0.12 0.49–0.90 0.67 0.79
Al-Fawar 0.10–0.12 0.11 0.56–0.65 0.61 0.73
Yatta 0.09–0.11 0.10 0.53–0.64 0.59 0.69
Al-Dahria 0.05–0.13 0.10 0.29–0.71 0.57 0.67
Total average 0.11 0.61 0.72

Table 5. Comparison of natural radioactivity levels in soil and air absorbed dose at different locations of southern of West
Bank area, Palestine, with those in other countries as given in UNSCEAR report(15).

Country Activity concentration (Bq kg21) Absorbed dose rate
(nGy h21)

238U 232Th 40K

Range mean Range Mean Range Mean Range Mean

Jordan — 56 — 29 — 501 — —
Turkey — 21 — 37 — 342 — —
Italy 57–71 — 73–87 — 580–760 — — —
Egypt 5–64 17 2–96 18 29–650 320 20–133 32
USA 8–160 40 4–130 35 100–700 370 14–118 47
Japan 6–98 33 2–88 28 15–990 310 21–77 53
Cyprus 0–120 17 — — 0–670 140 9–52 18
Malaysia 38–94 67 63–110 82 170–430 310 55–130 92
China 2–440 32 1–360 41 9–1800 440 2–340 62
India 7–81 29 14–160 64 38–760 400 20–110 56
Iran 8–55 28 5–42 22 250–980 640 36–130 71
Denmark 9–29 17 8–30 19 240–610 460 35–70 52
Poland 5–120 26 4–77 21 110–970 410 18–97 45
Greece 1–240 25 1–190 21 12–1570 360 30.109 56
Germany 5–200 — 7–134 — 40–1340 — 4–350 50
Romania 8–60 32 11–75 38 250–1100 490 21–122 59
Spain 6–250 32 2–210 33 25–1650 470 40–120 76
Present study 33–105 69 15–77 48 297–962 630 39–123 88
Worldwide average — 35 — 30 — 400 — 55
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Generally speaking, the radioactivity level index is
.1 for most samples.

The activity concentration of 137Cs in soil samples
is found to be ranged from 1.8 to 36.1 Bq kg21 for
all investigated zones.

The measurements taken in this study represent a
baseline database of activity levels that can serve as
a reference point for future studies to indicate
impacts from future events.
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