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Abstract Sand and sediment samples were collected from different locations along the beach near

to desalination plant, which is one of the oldest and largest reverse osmosis desalination plants in

Saudi Arabia, where the fluid waste is discharged. The activity concentrations of 226Ra, 232Th, 40K

and 137Cs were measured using gamma-ray spectrometry. Radiation hazard indices were calculated

to evaluate the radiological risk for the public and environment. This study is the first to evaluate

the radiological impacts in the area under investigation. The mean values of radium equivalent

activity (Raeq) were 74.1 Bq kg�1 for surface sand samples, 78.8 Bq kg�1 for subsurface sand sam-

ples and 78.1 Bq kg�1 for sediments. The mean values of gamma absorbed dose rate (D) in air and

annual effective dose (E) for analyzed samples were lower than the acceptable values. The external

radiation hazard indices were lower than unity for all samples.
� 2016 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Desalination of sea or ocean water is a widespread technology
used in many countries around the world. The desalination

process is one of mankind’s earliest designs to separate fresh
water from a salt-water solution (Einav et al., 2002). Desalina-
tion involves several processes to remove the excess salt and

other minerals from the water to obtain potable water for
human usage.

Essentially, a desalination plant is a system to separate sal-

ine water into two streams: one with a low concentration of
dissolved salts and inorganic materials and the other contain-
ing the remaining dissolved salts (brine). The amount of flow
n Saudi
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discharged to waste as a brine discharge varies from 20 to 70
percent of the feed flow, depending on the technology used
in the plant. Brine discharge is the fluid waste from a desalina-

tion plant, which contains a high percentage of salt and dis-
solved minerals (Mohamed et al., 2005). The brine returns to
the sea and spreads according to different aspects (wind direc-

tion, wave height and tidal). Desalination plants could have
several impacts on the surrounding environment. The major
concern of these impacts near the outfall brine discharge due

to its physical and chemical features (Younos, 2005; Abdul-
Wahab, 2007; WHO, 2007).

Radiation and radioactivity in the environment have natu-
ral and man-made sources. Exposure to natural radiation rep-

resents the most significant part of the total exposure to
radiation in the environment (Saleh, 2012; UNSCEAR,
2008). Only natural radionuclides with half-lives comparable

with the age of the earth or their corresponding decay products
existing in terrestrial material such as 232Th, 238U, 235U, 226Ra,
228Ra and 40K are of great interest. The levels of these radionu-

clides are relatively distributed in soil based on the nature of its
geological formations (Al-Jundi et al., 2003; Orabi et al.,
2006).

The Residual Saline Stream contains a range of contami-
nants, including naturally occurring radioactive materials
(NORMs) that may increase the natural radioactivity levels
along the shore line. Treatment processes such as dewatering,

ion exchange, reverse osmosis, and other volume reduction
may concentrate radionuclides to a level of concern
(Hamidalddin, 2013). Long-lived radioactive elements such

as uranium, thorium and potassium and any of their decay
products, (e.g., radium and radon), are examples of NORM.
These elements have always been present in the earth’s crust

and atmosphere. The 238U series decay via a chain containing
eight alpha decays and six beta decays to 206Pb (Hamdy et al.,
2007; Ahmed and El-Arabi, 2005; UNSCEAR, 1993, 2008).

The radiological impact from the natural radioactivity is
due to radiation exposure of the body by gamma-rays and irra-
diation of lung tissues from the inhalation of radon and its
progeny. From the natural risk point of view, it is necessary

to know the dose limits of public exposure and to measure
the natural environmental radiation level provided by ground,
air, water, foods, building interiors, etc., to estimate human

exposure to natural radiation sources (Akhtar and Tufail,
2011; El-Taher, 2010). Many studies have been conducted on
the concentrations of natural radionuclides in the marine envi-

ronment in different regions around the world (Price et al.,
1998; Higgy, 1999; Sroor et al., 2001; Santawamaitre et al.,
2011; Hamzah et al., 2011; Obhodas et al., 2012).

Saudi Arabia is the world’s largest producer of desalinated

seawater. The Saline Water Conversion Office (SWCO)
constructed twenty-four desalination plants along the Saudi
Arabian coasts, including the twelve major plants on the

western coast on the Red Sea and another three on the eastern
coast on the Arabian Gulf. The major three desalination plants
in Saudi Arabia are Al-Jubail and Al-Khobar plants on the

Arabian Gulf coast and Shoaiba plant on the Red Sea coast.
Al-Khobar desalination plant is located near an important

beach, which is situated in the eastern region of Saudi Arabia.

This beach is constantly frequented by the general population
and many fishermen. In addition, a large number of palm trees
spread along the beach. Therefore, this investigation aims to
Please cite this article in press as: Alshahri, F. Radioactivity of 226Ra, 232Th, 40K an
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determine radionuclide levels along the beach near to desalina-
tion plant where the fluid waste is discharged and evaluate the
radiation hazard indexes due to the radionuclides in the beach

sand and sediment to identify the area that may be hazardous
for public. In addition, these data will be useful for subsequent
evaluations of possible future environmental contamination

due to non-nuclear industries or any future activities.

2. Materials and methods

2.1. Samples collection and preparation

Thirty-six beach sand and sediments samples were collected
from different locations along the beach near the desalination
plant with a length interval of 6500 m (Fig. 1). Twenty-four

sand samples were collected at 2 m from the shoreline. These
samples were taken from surface and subsurface (10–30 cm).
From the same locations, 12 sediment samples were collected
from seawater at 2 m from the shoreline. Samples were bulked

as a single sample and dried in an oven at 70 �C for 24 h. After
that, samples were prepared for radiation counting by sieving
through 2 mm mesh. Each sample was packed into 152 ml

standard size beakers and tightly sealed and stored for 28 days
to acquire secular equilibrium between 226Ra and its progenies.
Two reference materials were packed into the same standard

size beakers for efficiency calibration.

2.2. Experimental setup

A hyper-pure Germanium detector (HPGe), coaxial type,
p-type with relative efficiency of 20% was used. The detector
is shielded with a low-level background lead shield. The HPGe
was calibrated for efficiency using the reference material

RGU-1 from IAEA. The certified activity of uranium is
400 ppm which is equivalent to 4960 Bq kg�1. The energy
transitions of the 226Ra daughters (214Pb and 214Bi) were used

to develop the efficiency calibration curve. A fourth degree
polynomial fitting was performed to reach the best R2 value
(�0.976).

2.3. Gamma-spectrometric analysis

After subtracting the background, the radionuclides were mea-

sured at the gamma lines (Table 1). 226Ra was measured using
its progenies 214Pb with energies 295.2 keV (19.3%) and
351.93 keV (37.6%), and 214Bi with energies 609.31 keV
(46.1%), 1120.29 keV (15.1%) and 1764.49 keV (15.4%).

Radium was determined based on the above mentioned energy
transitions after achieving secular equilibrium for 28 days after
sample packing. For 232Th, the specific activity concentration

was determined using the gamma lines 338.40 keV (12.4%)
and 911.07 keV (25.8%) for 228Ac and 583.14 keV (33.1%)
for 208Tl. The average values were calculated. In the case of
40K and 137Cs, the specific activity concentrations were esti-
mated directly by their gamma lines of 1460.75 keV (10.7%)
and 661.7 keV (85.12%), respectively.

The software used for analysis and reduction of the

gamma-ray spectra was Quantum Gold, Version 4.04.00.
The minimum detectable activity (MDA) for each isotope

(226Ra, 232Th, 40K and 137Cs) in the background was calculated
d 137Cs in beach sand and sediment near to desalination plant in eastern Saudi
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Figure 1 Location map of the collected samples along the beach near to desalination plant.

Table 1 Gamma rays and their related isotopes used to

calculate the activity concentrations of the nuclides in the first

column (Mansour et al., 2012; Saad and Al-Azmi, 2002).

Nuclide Half-life

(yr)

Gamma ray

energy (keV)

Isotope Intensity

(%)

226Ra 1650 295.2 214Pb 19.3

351.93 214Pb 37.6

609.31 214Bi 46.1

1120.29 214Bi 15.1

1764.49 214Bi 15.4

232Th 1.405 � 1010 338.40 228Ac 12.4

583 208Tl 33.1

911.07 228Ac 29.0
40K 1.277 � 109 1460.83 40Ar 10.7

137Cs 30.17 661.66 137Ba 85.2
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separately based on the sample’s weight (0.0332 kg) using the
detection limit according to the formula (Currie, 1989):

MDAðBqÞ ¼ 2:7þ 4:65
ffiffiffiffiffiffiffiffi

BG
p

eIct
ð1Þ

where BG is the background count below the peak of interest,
e is the absolute efficiency, Ic is the gamma line intensity and t

is the counting time in second. The MDAs for 226Ra, 232Th,
40K and 137Cs were 0.05, 0.03, 0.16 and 0.09 Bq kg�1,
respectively.

To assess the radiological hazard associated with sand sam-
ples and sediments of the studied area, it is useful to calculate
an index called the radium equivalent activity, Raeq. It can be

calculated from the following relation (Boukhenfouf and
Boucenna, 2011; Alshahri and Alqahtani, 2015):

Raeq ðBq kg�1Þ ¼ ARa þ 1:43ATh þ 0:077AK ð2Þ
Please cite this article in press as: Alshahri, F. Radioactivity of 226Ra, 232Th, 40K an
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where ARa, ATh and AK are the specific activities of 226Ra,
232Th and 40K, respectively, expressed in Bq kg�1.

The absorbed dose rate in air 1 m above the ground surface
for the radionuclides (232Th, 226Ra, and 40K) was computed on

the basis of guidelines provided by Ahmed and El-Arabi
(2005). The conversion factors used to compute the absorbed
dose rates (D) in air per unit activity concentration in

1 Bq kg�1 sand correspond to 0.666 nGy h�1 for 232Th,
0.429 nGy h�1 for 226Ra, and 0.0417 nGy h�1 for 40K. There-
fore, D could be obtained from the following relation:

D ðnGy h�1Þ ¼ 0:429 ARa þ 0:666ATh þ 0:0417AK ð3Þ
where ARa, ATh and AK are the activity concentrations of
226Ra, 232Th and 40K (Bq kg�1), respectively.

The annual effective dose rate E (mSv y�1) received by the
population is calculated using the following equation
(UNSCEAR, 2000):

EðmSv y�1Þ ¼ DðnGy h�1Þ � 8760ðh y�1Þ � 0:2

� 0:7ðSv Gy�1Þ � 10�6 ð4Þ
where D (nGy h�1) is the absorbed dose rate in air, 8760 h is

the time for one year, 0.7 (Sv Gy�1) is the conversion factor,
which converts the absorbed dose rate in air to human effective
dose and 0.2 is the outdoor occupancy factor (UNSCEAR,

2000).
Another radiation hazard index is called the external haz-

ard index (Hex). This index due to external exposure to gamma
rays from the studied sand and sediment samples, which must

be less than unity. Hex is defined as the following (AlZahrani
et al., 2011):

Hex ¼ ARa

370
þATh

259
þ AK

4810
6 1 ð5Þ

where ARa, ATh and AK are the activity concentrations of
226Ra, 232Th and 40K (Bq kg�1), respectively.
d 137Cs in beach sand and sediment near to desalination plant in eastern Saudi
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3. Results and discussion

3.1. Activity concentrations of 226Ra, 232Th, 40K and 137Cs in
sand samples and sediment

The activity concentrations of 226Ra, 232Th, 40K and 137Cs

were determined for sand samples and sediment (Tables 2–4).
The activity concentrations of 226Ra ranged from 12.1 ± 1.3
to 36.3 ± 3.3 Bq kg�1 with a mean value of 22.7 ± 2.8 Bq kg�1

for sand samples collected from surface and from 19.3 ± 2.5 to
31.4 ± 3.4 Bq kg�1 with a mean value of 23.9 ± 2.9 Bq kg�1

for subsurface samples. The highest activity concentration of
Radium was found to be 36.3 ± 3.3 Bq kg�1 for the sample

S3 which was collected from the surface at site 3. The activity
concentrations of 232Th ranged from 9.30 ± 0.9 to 26.9 ±
5.6 Bq kg�1 with a mean value of 14.8 ± 2.3 Bq kg�1 for sand

samples from surface and from 8.7 ± 1.0 to 17.3 ±
2.1 Bq kg�1 with a mean value of 12.8 ± 1.8 Bq kg�1 for
subsurface samples. The concentrations of 40K and 137Cs for

surface samples ranged from 261 ± 10 to 454 ± 17 Bq kg�1

and from below the MDA to 1.38 ± 0.15 Bq kg�1,
respectively. Similarly, the concentrations of 40K and 137Cs
Table 2 Activity concentration in Bq kg�1 of 226Ra, 232Th, 40K an

near to desalination plant.

Sample code Lat. Long. 2

S1 N: 26�10054.0300 E: 50�13001.0300 1

S2 N: 26�10057.2900 E: 50�13005.8300 2

S3 N: 26�10000.8800 E: 50�13052.7200 3

S4 N: 26�11001.9200 E: 50�13008.4400 2

S5 N: 26�11007.1500 E: 50�13007.7400 2

S6 N: 26�11011.0500 E: 50�12054.1900 1

S7 N: 26��11012.0700 E: 50�13003.5600 1

S8 N: 26o11017.3500 E: 50�13010.2100 2

S9 N: 26�11019.1200 E: 50�12049.4700 2

S10 N: 26�11022.0700 E: 50�13000.4800 3

S11 N: 26�11030.0700 E: 50�13011.2400 2

S12 N: 26�11033.8700 E: 50�13005.1400 1

Min 1

Max 3

Mean 2

Table 3 Activity concentration in Bq kg�1 of 226Ra, 232Th, 40K and

near to desalination plant.

Sample code Lat. Long. 22

SB1 N: 26�10054.0300 E: 50�13001.0300 1

SB2 N: 26�10057.2900 E: 50�13005.8300 2

SB3 N: 26�10000.8800 E: 50�13052.7200 2

SB4 N: 26�11001.9200 E: 50�13008.4400 1

SB5 N: 26�11007.1500 E: 50�13007.7400 2

SB6 N: 26�11011.0500 E: 50�12054.1900 2

SB7 N: 26�11012.0700 E: 50�13003.5600 2

SB8 N: 26�11017.3500 E: 50�13010.2100 3

SB9 N: 26�11019.1200 E: 50�12049.4700 2

SB10 N: 26�11022.0700 E: 50�13000.4800 2

SB11 N: 26�11030.0700 E: 50�13011.2400 3

SB12 N: 26�11033.8700 E: 50�13005.1400 2

Min 1

Max 3

Mean 2

Please cite this article in press as: Alshahri, F. Radioactivity of 226Ra, 232Th, 40K an
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for subsurface sand samples ranged from 358 ± 14 to 686 ±
21 Bq kg�1 and from below the MDA to 0.97 ± 0.12 Bq kg�1,
respectively.

For sediment samples, the activity concentrations ranged
from 18.3 ± 1.6 to 37.6 ± 4.5 Bq kg�1 with a mean value of
26.4 ± 2.8 Bq kg�1 for 226Ra, from 7.8 ± 1.3 to 25.5 ±

3.7 Bq kg�1 with a mean value of 16.3 ± 2.2 Bq kg�1 for
232Th, from 202 ± 11 to 432 ± 15 Bq kg�1 with a mean value
of 351 ± 15 Bq kg�1 for 40K and from below the MDA to

2.16 ± 0.25 Bq kg�1 for 137Cs.
The obtained results show that the mean values of 40K con-

centrations in sand samples were higher than the range of the
world average 370 Bq kg�1. The activity levels of 137Cs were

found to be lower than the minimum detection limit in most
of sand and sediment samples. The slight appearance of
137Cs was observed in the measured samples which may be

due to the fertilized soil in the investigated area
(Boukhenfouf and Boucenna, 2011). The variations in activity
concentrations of 226Ra, 232Th and 40K in sand samples based

on the nature of its geological formations and may be due to
the result of the depositional processes of radionuclides and
heavy minerals along the shoreline during the high tide.
d 137Cs for sand samples collected from surface along the beach

26Ra 232Th 40K 137Cs

2.1 ± 1.3 10.1 ± 1.3 261 ± 10 <MDA

1.3 ± 2.3 9.73 ± 0.9 454 ± 17 1.38 ± 0.15

6.3 ± 3.3 26.9 ± 5.6 416 ± 13 0.54 ± 0.06

1.5 ± 1.3 9.80 ± 0.9 454 ± 17 <MDA

9.3 ± 3.2 12.1 ± 1.3 377 ± 15 0.64 ± 0.08

5.0 ± 2.3 9.30 ± 1.0 408 ± 12 <MDA

8.1 ± 2.2 11.1 ± 1.7 369 ± 11 <MDA

1.6 ± 3.0 16.5 ± 3.1 335 ± 12 <MDA

7.9 ± 5.8 16.7 ± 2.8 416 ± 12 <MDA

0.6 ± 3.4 22.7 ± 3.6 435 ± 13 <MDA

2.5 ± 2.4 20.7 ± 3.1 352 ± 12 <MDA

6.1 ± 1.8 12.1 ± 1.9 426 ± 13 <MDA

2.1 ± 1.3 9.30 ± 0.9 261 ± 10 <MDA

6.3 ± 3.3 26.9 ± 5.6 454 ± 17 1.38 ± 0.15

2.7 ± 2.8 14.8 ± 2.3 392 ± 13 –

137Cs for sand samples collected from subsurface along the beach

6Ra 232Th 40K 137Cs

9.5 ± 2.9 15.5 ± 2.3 416 ± 17 <MDA

0.7 ± 2.7 12.9 ± 2.1 377 ± 15 <MDA

0.6 ± 2.7 10.3 ± 1.3 686 ± 21 <MDA

9.3 ± 2.5 12.3 ± 1.5 504 ± 15 <MDA

3.9 ± 2.8 9.80 ± 1.1 416 ± 13 <MDA

2.2 ± 2.4 10.1 ± 1.1 358 ± 14 <MDA

4.5 ± 2.9 14.9 ± 2.3 506 ± 15 <MDA

1.4 ± 3.4 16.6 ± 3.0 437 ± 16 <MDA

7.3 ± 3.1 8.70 ± 1.0 421 ± 13 <MDA

9.1 ± 3.2 17.3 ± 2.1 387 ± 12 0.97 ± 0.12

0.1 ± 3.9 16.2 ± 2.2 472 ± 16 <MDA

4.5 ± 3.1 17.3 ± 2.4 404 ± 12 0.85 ± 0.09

9.3 ± 2.5 8.70 ± 1.0 358 ± 14 <MDA

1.4 ± 3.4 17.3 ± 2.1 686 ± 21 0.97 ± 0.12

3.9 ± 2.9 12.8 ± 1.8 451 ± 15 –

d 137Cs in beach sand and sediment near to desalination plant in eastern Saudi
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Table 4 Activity concentration in Bq kg�1 of 226Ra, 232Th, 40K and 137Cs for sediment samples.

Sample code Lat. Long. 226Ra 232Th 40K 137Cs

SD1 N: 26�10054.0300 E: 50�13001.0300 23.5 ± 2.8 16.0 ± 2.2 275 ± 11 <MDA

SD2 N: 26�10057.2900 E: 50�13005.8300 22.9 ± 2.7 15.9 ± 1.5 280 ± 11 <MDA

SD3 N: 26�10000.8800 E: 50�13052.7200 25.6 ± 3.1 15.4 ± 3.1 420 ± 17 2.16 ± 0.25

SD4 N: 26�11001.9200 E: 50�13008.4400 18.3 ± 1.6 9.50 ± 1.0 432 ± 15 1.27 ± 0.15

SD5 N: 26�11007.1500 E: 50�13007.7400 24.1 ± 2.8 14.9 ± 1.9 355 ± 18 1.04 ± 0.12

SD6 N: 26�11011.0500 E: 50�12054.1900 26.3 ± 3.2 14.1 ± 1.8 417 ± 21 <MDA

SD7 N: 26�11012.0700 E: 50�13003.5600 31.9 ± 2.9 20.1 ± 1.9 383 ± 19 1.20 ± 0.14

SD8 N: 26�11017.3500 E: 50�13010.2100 24.0 ± 3.1 7.80 ± 1.3 386 ± 15 <MDA

SD9 N: 26�11019.1200 E: 50�12049.4700 37.6 ± 4.5 25.5 ± 3.7 386 ± 16 <MDA

SD10 N: 26�11022.0700 E: 50�13000.4800 22.9 ± 2.1 16.3 ± 2.1 202 ± 11 <MDA

SD11 N: 26�11030.0700 E: 50�13011.2400 23.7 ± 2.6 15.3 ± 3.3 385 ± 17 <MDA

SD12 N: 26�11033.8700 E: 50�13005.1400 35.4 ± 3.1 25.1 ± 2.6 294 ± 13 <MDA

Min 18.3 ± 1.6 7.80 ± 1.3 202 ± 11 <MDA

Max 37.6 ± 4.5 25.5 ± 3.7 432 ± 15 2.16 ± 0.25

Mean 26.4 ± 2.8 16.3 ± 2.2 351 ± 15 –

Figure 2 Distribution of 226Ra, 232Th and 40K in surface sand samples along the beach and the allowed values by UNSCEAR (2000).

Figure 3 Distribution of 226Ra, 232Th and 40K in subsurface sand samples along the beach and the allowed values by UNSCEAR (2000).
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Figure 4 Distribution of 226Ra, 232Th and 40K in sediment samples along the beach and the allowed values by UNSCEAR (2000).

Table 5 Mean values of radium equivalent activity (Bq kg�1), absorbed gamma radiation dose rate in air (nGy h�1), annual effective

dose (mSv y�1), and external radiation hazard index (Hex) for sand samples and sediment.

Type of sample Raeq (Bq kg�1) D (nGy h�1) E (mSv y�1) Hex

Sand from surface 74.1 37.2 0.04 0.02

Subsurface sand 78.8 38.3 0.05 0.21

Sediment 78.1 36.7 0.05 0.21

World’s average (UNSCEAR, 1993, 2000) 370 55 1 61

Table 6 Comparison of mean and range activity concentration (Bq kg�1) in sand samples and sediment with those in other studies.

Region (Ref.) Depth 226Ra 232Th 40K

Red sea, Saudi Arabia (Hamidalddin, 2013) Surface 14.22 ± 0.65 14.00 ± 0.45 968.19 ± 0.14

50 cm 24.34 ± 0.12 17.3 ± 0.15 934.45 ± 0.61

Farasan Island coast, Saudi Arabia (Al-Zahrany et al.,

2012)

Sediment 3.31 1.84 34.34

Coast of Kuwait (Saad and Al-Azmi, 2002) Surface 36 (8–72) 6 (2–17) 227 (41–492)

Libya beach (El-Kameesy et al., 2008) 5–10 7.5 ± 2.5 4.5 ± 1.3 28.5 ± 6.7

50–70 6.7 ± 1.9 4.2 ± 1.1 26.6 ± 5.9

Al-Khafji and Mneefa coast, Saudi Arabia (Al-

Kheliewi et al., 2002)

0–10 cm 2.61–7.53 0.19 ± 0.05–0.82

± 0.08

27.04 ± 1.73–204.2

± 4.4

12–25 cm 1.99–9.46 0.15–0.95 23.69–253.3

Red sea, Egypt (Harb, 2008) 0–30 cm 22.7 12.4 930

Mediterranean Coast, Turkey (Ozmen et al., 2014) Surface 4.0 ± 0.5–21.5

± 1.8

1.8 ± 0.4–27.9

± 2.4

19.0 ± 2.2–590.3 ± 28.6

Inani Beach, Bangladesh (Ahmed et al., 2014) 10–15 cm 15.14 ± 2.62–28.67

± 3.09

24.39 ± 2.50–49.46

± 3.58

362.00 ± 79.61–560.87

± 81.40

Coast of Xiamen Island, China (Huang et al., 2015) Surface – 6.5–41.4 197.4–487.6

World’s average (UNSCEAR, 2000) – 40 40 370

Present work (sand samples collected at 2 m from the

shoreline)

Surface 22.7 ± 2.8 14.8 ± 2.3 392 ± 13

Subsurface 23.9 ± 2.9 12.8 ± 1.8 451 ± 15

Present work (sediment) – 26.4 ± 2.8 16.3 ± 2.2 351 ± 15

6 F. Alshahri
The distributions of radium, thorium and potassium activ-
ities in all sand and sediment samples are given in Figs. 2–4.
These figures compare between the values of this study and

the allowed values in soil as considered by UNSCEAR
(2000). The result showed that the highest values of potassium
were found in subsurface samples.
Please cite this article in press as: Alshahri, F. Radioactivity of 226Ra, 232Th, 40K an
Arabia: Assessment of radiological impacts. Journal of King Saud University – Scie
3.2. Radiation hazard indexes

The radium equivalent activity (Raeq), total absorbed dose rate
in air 1 m above the ground (D), annual effective dose (E) and
external hazard index (Hex) were calculated for all sand and
sediment samples, the mean values of the above radiation
d 137Cs in beach sand and sediment near to desalination plant in eastern Saudi
nce (2016), http://dx.doi.org/10.1016/j.jksus.2016.08.005
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hazard indexes are shown in Table 5. The mean values of
radium equivalent activity, Raeq, were 74.1, 78.8 and
78.1 Bq kg�1 for surface sand, subsurface sand and sediment

which were lower than the acceptable value of 370 Bq kg�1

(UNSCEAR, 1993). The mean values of gamma adsorbed
dose rate (D) in air and annual effective dose (E) for sand sam-

ples from surface were 37.2 nGy h�1 and 0.04 mSv y�1, respec-
tively, and for sand samples from subsurface were
38.3 nGy h�1 and 0.05 mSv y�1, respectively. The mean values

of gamma adsorbed dose rate D in air and annual effective
dose (E) for sediment samples were 36.7 nGy h�1 and
0.05 mSv y�1, respectively. These results were within the esti-
mated average global terrestrial radiation of 55 nGy h�1 and

the acceptable value of annual effective dose (1 mSv y�1) for
the public (UNSCEAR, 1993, 2000). The mean values of the
external radiation hazard index (Hex) for all samples were

lower than unity. From these results, the radiological risk is
insignificant due to the low values of gamma dose rates in all
samples under investigation.

3.3. Comparison of activity concentrations with other studies

The mean values of the radioactivity levels were compared

with the world average which are 40, 40 and 370 Bq kg�1 for
226Ra, 232Th and 40K, respectively, (UNSCEAR, 2000). The
measurements of all sand and sediment samples under investi-
gation showed that the mean values of radioactivity levels were

lower than the world average, expect the mean values of potas-
sium in sand samples. In addition, the specific activities of
226Ra, 232Th and 40K for the analyzed samples were compared

with the similar investigations in other countries (Table 6). It
can be seen that, the natural radioactivity levels fall within
the range of published data from other countries.
4. Conclusions

In this study, the specific activities for 226Ra, 232Th, 40K and
137Cs were measured in 36 sand and sediment samples at differ-
ent distances from a desalination plant along the beach, east-
ern Saudi Arabia, using gamma-ray spectrometry. The

measurements of all samples under investigation showed that
the mean values of radioactivity levels were lower than the
world average for 226Ra, 232Th, 40K and 137Cs, except the mean
values of 40K concentration in sand samples. However, the

mean values of radium equivalent activity (Raeq), total
absorbed dose rate in air 1 m above the ground (D), annual
effective dose (E) and external hazard index Hex were found

to be within the allowed limits (UNSCEAR, 1993, 2008). In
view of the current study, the radiological impacts of radionu-
clides in the beach near to desalination plant are negligible

compared to the acceptable values (UNSCEAR, 1993, 2008).
Thus, sand and sediments in the area near to disposal site of
the fluid waste from desalination plant would not pose any sig-

nificant source of radiation hazard to the population.
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