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ABSTRACT

Paper in the work presents the first comprehensive and complete report on the
concentration of on natural radioactivity measurements, other fissionable isotopes and the
hazard parameters in the NORM samples from different marine environment Samples of
the Arabian Gulf region (Beach Muddy/Sands, Arabian Gulf Water, Shells and Different
types of Marine Fish) collected along the eastern coastline of the State of Kuwait. All
samples were measured using gamma spectrometry technique, with high purity
germanium detector. The results show that the average activity concentrations of **Ra,
#2Th and “°K, *'Cs and ®°Co for Kuwaiti Environmental Marine Samples are lower than
the worldwide average value. The worldwide average values (32, 45 and 420) for *Ra,
22Th and *°K, respectively. The activity concentration of ?*°Ra, **Th and *°K, **¥’Cs and
%0Co for Kuwaiti Environmental Marine Samples ranged between [(0.18 - 10.43) Bq/kg
with average of 3.26 + 0.80 Bg/kg, (-0.23-3.63) Bqg/kg with average of 1.15 = 0.67
Ba/kg, (1.27-110.92) Bg/kg with average of 43.62 + 1.7 Bg/kg, (0.50 - 10.61) Bg/kg with
average of 3.11 £ 0.34 Bg/kg and (ND — 0.35) Bg/kg with average of 0.01 £ 0.01 Bqg/kg]
respectively. Marine Environment Samples of the Arabian Gulf region in Kuwait have
been investigated. Samples were collected along the eastern coastline of the State of
Kuwait. All samples were collected from different beach sites in Kuwait. These samples
were collected randomly from different locations in these sites (from north to south along
the eastern coastline of Arabian Gulf). According to the Kuwaiti samples, the estimated
range for (Radium Equivalent Rate, External Hazard Index, Internal Hazard Index,
Absorbed Dose, annual effective dose, Gamma Index, Alpha Index) is [(0.79 — 21.80)
Bg/kg with average of 8.26 + 1.90 Bqg/kg, (0.00 — 0.06) Bg/kg with average of 0.02 +
0.01 Bg/kg, (0.00-0.09) Ba/kg with average of 0.03 £ 0.01 Bq/kg,(0.36 - 10.68) Bq/kg
with average of 4.04 + 0.86 Bg/kg, (0.44 — 13.10) Bg/kg with average of 4.96 = 1.06
Ba/kg, (0.00-0.08) Bg/kg with average of 0.03 £+ 0.01 Bg/kg and (0.00 — 0.05) Bg/kg
with average of 0.02 + 0.00 Bq/kg], respectively. The estimated hazard parameters in all
Kuwaiti samples are lower than the recommended limits for occupationally worker. From
this study, it was noticed that the average activity concentrations of **Ra series, ***Th
series, “°K, *¥'Cs and ®°Co for Kuwaiti Environmental Marine Samples are lower than the
worldwide average value. Results obtained are discussed and compared with the
international recommended data.

© 2020 Elixir All rights reserved.

1. Introduction

Due to the fact that Arabian Gulf is a semi-enclosed sea
where the experts estimate that Gulf water needs 7 to 9 years
to change passing by the Strait of Hormuz. Therefore the
concentration of the radioactive materials in its water will not
fade and disappear easily. This complicates the matter and
contaminates all types of marine life in the Gulf; thus affect
and stop fishing completely for many years. Of course, this
will have a negative economic impact that can't be
underestimated (high costs).

Sailing and transporting goods to ports of the gulf and
the insurance; this may lead to that some shipping companies
refrain from entering the gulf. This is why may be exposed to
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the sea, as for in the ratio. The lands of State of Kuwait and
the east of Saudi Arabia and the Kingdom of Bahrain and
State of Qatar in addition to United Arab Emirates will reach
the radioactive dust in different and varying degrees. This, in
turn, will leave a bad effects on the region and will tighten the
budgets of these countries for several years with financial all
locations to coping and handling the effects of the disaster.
Most of them will be health costs to treat their citizens from
various types of diseases; the most important of which are:
cancer and mental illness; followed by cleaning and
disinfecting the establishment and cities from radioactive
materials. The dilemma will be how to clear the open land
and deserts surrounding the cities. There are other logistical
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costs; for example, providing alternative water instead of
desalination plants. No doubt the costs will not be low as it
will exceed hundreds of billion dollars.

This Research aims to measure the concentrations of
radioactive materials in the marine life in the Arabian Gulf
Region and in the state of Kuwait in particular. Fish is
considered as the most widely used commaodities in the world.
Fish and marine life in general which are consumed by a
human is the food that maintains human health. It was found
that the cooling water of nuclear reactors which are thrown
into the rivers and which are polluted with radiation was
behind the destruction of many creatures in the rivers and
those decrease of fish stocks especially in Europe and
developed countries. Today, water pollution with radiation is
considered as one of the main problems especially those that
are stored in the deep ocean. Science 1946 until now, the
major industrialized countries (120 countries in particular)
have deposited hundreds of thousands of tons of radioactive
materials in seawater and oceans. The specialized previous
studies signalizes that the techniques of burying atomic waste
in the depths of the oceans are not completely safe as some
radioactive materials leak out. Also, a mass mortality of the
fish in the area where these wastes are stored has been found.
The crustaceans pterosaurs also store these high levels of
waste; especially cesium and plutonium [Kuwait National
Assembly, 2015].

From the previous representation, the research work
carried out in this work aims to measurement the
concentration of radionuclides (*8U, **2Th, “°K, *¥'Cs and
%0Co), other radionuclides concentration levels and the
radiation dose from different Environmental Marine Samples
such as the Beach Muddy/Sands, Arabian Gulf Water, Shells
and Different types of Marine Fish in the State of Kuwait
Under the existing nuclear activities in the Gulf region,
Calculation of radiological hazard indices and dose
parameters for the mentioned samples in Kuwait, and finally
Comparing the research results with the local and worldwide
ranges in different coastal areas around the world.

2. Material and Methods

Sample Preparation and experimental procedure:

There are a number of steps that should be carried out during
a survey of the sampling area. They can be summarized as
follows:

1- Samples collection.

2- Samples number.

3- Site geographical coordinates.

4- Sample mass and volume.

5- Removal of extraneous material.

6- Sample homogenization.

7- Sample splitting.

A total of 37 of marine environment Samples of the
Arabian Gulf region (Beach Muddy/Sands, Arabian Gulf
Water, Shells and Different types of Marine Fish) collected
along the eastern coastline of the State of Kuwait. All
samples were collected from different beach sites in Kuwait.
These samples were collected randomly from different
locations in these sites (from north to south along the eastern
coastline of Arabian Gulf) with geographical location of the
samples by coordinates, and the distance of Bushehr reactor
from the Kuwaiti Capital and the movement and direction of
waves in the Arabian Gulf as show in figure (1), (2), (3) and
table (1).
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The preparation for Marine samples (Beach
Muddy/Sands, Arabian Gulf Water, Shells and Different
types of Marine Fish) as follows: A total of 37 samples were
collected from selected locations along the eastern coastline
of the State of Kuwait. The type of samples and their
locations are shown in table (1). Each sample was collected in
plastic cylindrical bottles of 500 ml. All samples were
weighted and sealed for 61 days before one day of the
measurements began, to ensure secular equilibrium between
radium and radioactive progenies. After the attainment of
secular equilibrium between 2*2Th, U and their progenies,
the samples were subjected to gamma ray spectrometric
analysis. Each sample was measured during an accumulating
time between (12504) and (365663) second.
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Table 1. Summary of the type samples collected.

Sample Type Location Latitude N | Latitude E | Sample Code | Mass (kg)
(Deg. Min.) | (Deg. Min.)
Sand of Muddy Shore | Al-Sulaibikhat bay Coast | 29.33303 47.89676 KwsS1 0.432
Sand of Muddy Shore | Ras Ushayrij Coast 29.37991 47.84395 KwsS2 0.433
Beach Sand Al-Salam Beach 29.39131 47.99855 KwS3 0.366
Beach Sand Anjafa Beach 29.27856 48.08967 KwS4 0.395
Beach Sand Khiran Beach 28.66117 48.39197 KwsS5 0.403
Beach Sand Al-Missila Beach 29.23483 48.10099 KwS6 0.342
Beach Sand Al-Egaila Beach 29.18127 48.12114 KwsS7 0.501
Beach Sand Wanasa Beach 29.43531 48.26949 KwS8 0.522
Beach Sand Shuwaikh Beach 29.35694 47.94522 KwsS9 0.537
Beach Sand Al-Watya Beach 29.36273 47.95613 KwS10 0.525
Beach Sand Al-Fintas Beach 29.19279 48.11552 KwsS11 0.483
Beach Sand Al-Doha Beach 29.32451 47.82708 KwS12 0.489
Beach Sand Al-Blajat Beach 29.32854 48.09342 KwS13 0.494
Beach Sand Ras Al-Ard Beach 29.35197 48.09952 KwS14 0.480
Beach Sand Abdulla Port Beach 28.9925 48.16795 KwS15 0.525
Sea Water Al-Salam Beach 29.39131 47.99855 KwSW3 0.270
Sea Water Anjafa Beach 29.27856 48.08967 KwSW4 0.257
Sea Water Khiran Beach 28.66117 48.39197 KwSW5 0.335
Sea Water Al-Missila Beach 29.23483 48.10099 KwSW6 0.323
Sea Water Al-Egaila Beach 29.18127 48.12114 KwSW7 0.325
Sea Water Wanasa Beach 29.43531 48.26949 KwSW8 0.271
Sea Water Shuwaikh Beach 29.35694 47.94522 KwSwW9 0.275
Sea Water Al-Watya Beach 29.36273 47.95613 KwSwW10 0.266
Sea Water Al-Fintas Beach 29.19279 48.11552 KwSWw11 0.257
Sea Water Al-Doha Beach 29.32451 47.82708 KwSW12 0.264
Sea Water Al-Blajat Beach 29.32854 48.09342 KwSW13 0.270
Sea Water Abdulla Port Beach 28.9925 48.16795 KwSwW14 0.259
Sea Shell Khiran Beach 28.66117 48.39197 KwSS5 0.275
Sea Shell Al-Egaila Beach 29.18127 48.12114 KwSS7 0.266
Sea Shell Al-Sulaibikhat bay Coast | 29.33303 47.89676 KwSS9 0.265
Sea Shell Al-Doha Beach 29.32451 47.82708 KwSS12 0.261
Starfish Avrabian Gulf 29.32521 48.25234 Kwsfl 0.078
Marine Fish Arabian Gulf 29.33958 47.86324 KwF1 0.285
Marine Fish Arabian Gulf 29.53405 48.00229 KwF2 0.289
Marine Fish Arabian Gulf 29.18865 48.37733 KwF3 0.256
Marine Fish Arabian Gulf 29.45776 48.1685 KwF4 0.225
Marine Fish Arabian Gulf 28.96752 48.42674 KwF5 0.235

2.1 Experimental Technique

The instrument used to measure y-rays from radioactive
samples consists of a HPGe semiconductor detector,
associated electronics, and a computer-based multichannel
analyzer [Verma H. R., 2007] as shown in Figure (4).

The energy and intensity of various gamma-ray lines
have been measured using a system consist of Canberra
coaxial High-Purity Germanium detector (HPGe) which has a
photo peak efficiency of 70%. The energy resolution of 2 keV

Full-Width at Half Maximum (FWHM) for the 1332 keV
gamma-ray line of 60Co. A cylindrical lead shield of 5 cm
thickness, which contains inner concentric cylinder of Cu
with thickness of 10 mm, was used to shield the detector and
to reduce the effect of background. The detector coupled to a
PC-based 8K multichannel analyzer and an ADC with Genie
2000 for data acquisition and analysis. The system was
calibrated in the mode of keV/ch. As shown in figure (5), (6),
the gamma-ray energies emitted due to the following
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radioactive sources: °°Co, **'Cs, and *?Eu were used for the
calibration. A list of these energies is illustrated in the table
[Lederer et al., 1978].

(EXPERIMENTAL SETUP ! M""‘“"‘:,"";:'mm honl el

3 PC
4 Detector bias supply
5 Mainamplifier 6 Oscilloscope

Description of the
System used in this
work

Figure (4). Experimental setup for high resolution
gamma-ray spectroscopy

Radioactive samples to be measured have considerable
volume and mass, and the gamma rays can be attenuated by
self-absorption within the sample material as well as the
sample container material. So correction for this attenuation
is needed. For that a container called Marinelli beaker which
closely fits over the end cap of the detector crystal, is
specified for the measurements of environmental samples
[Knoll, G.F., 2000]. The Energy and Efficiency calibration of
the detector were performed using a set of point-sealed
sources; **Ba, ¥*'Cs, *°Co, "?Eu and **Ra [Cant and R.
Jacquemin, 1990].
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Figure (6). Efficiency Calibration

Specific Activity Measurements: Contents of the
different radionuclides in the #*Th, **°Ra series, “°K, *'Cs
and ®Co were determined in Bgkg™ by measuring the
characteristic gamma peaks of their daughters in their
radioactive decay series and “°K. The specific activity
(Bgkg™) of radionuclide content for the measured samples
was determined from the relation:

(€5,
Sl xWxls

Where A is the specific activity of the radionuclide in the
measured sample (Bgkg™), (C/s) is the net count rate of
daughter nuclide, ¢ is the absolute efficiency of the used y-ray
spectrometer, | is the intensity (%), G is the geometry factor
which is equal to unity when all measured samples were
counted under the same conditions and W is the weight
constant sample. The Characteristics of selected gamma-
emitting radionuclides were shown in table (2).

Table 2. Characteristics of selected gamma-emitting
radionuclides

ABgKg )=

Nuclide | Energy | Source
(keV) (%)
2Ra 185 3.3 | U decay series
21ipp 351 35.8
2B 609 45
1120 14.9
1764 16.07
ZBac 338 12.3 | Z?Th decay series
911 29
212pp 238 45
2087 583 30
K 1460 106 | K

Bcs 661.6 85 Fission product by the nuclear
fission of uranium-235 and other
fissionable isotopes in nuclear

reactors and nuclear weapons

®Co 13325 100
1173.2 100

Product from nuclear reactor
operations

3. Results and Discussion
3.1 —Natural specific activity measurement

The activity levels for radionuclides in the measured
samples are computed using the following equation [ Amrani,
2001]:

—1 (CV5),
ABgkg™) ExIxWxG
Where:
A = The activity level of a certain radionuclide (Bg/kg)
Cr = The net count rate of the sample (counts /seconds)
€ (E) = The detector efficiency for the specific gamma ray
energy
Iy = The intensity of gamma-line in a radionuclide
W = The dried sample weight in kg.

In the present study tables (3), (4), (5), (6), (7), and (8)
gives the activity concentration for different radionuclides in
Ba/kg for all samples Collected in Kuwait and comparison of
their values with different countries all over the world. The
Peaks of radioactive elements and their energies and results
of the samples are clearly detailed in Fig. (7) to (26).

Beach Sand Samples

The vy-ray measurements for Beach Sand samples are
from along the eastern coastline from different beach
locations in Kuwait. The average activity for the Beach Sand
collected for 40K is 32.047 Bqg/kg. For Z?Th, it is 0.841
Ba/kg, for ?°Ra it is 2.048 Bqg/kg, for 1¥'Cs it is 2.389 Bq/kg,
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and for ®Co it is 0.121 Bg/kg. This low activity can be
attributed to the geological settings of these fields.
Starfish Samples

The y-ray measurements for StarFish samples are from
deep inside water. The average activity for the StarFish
collected for °K is 110.917 Bg/kg. For *°Th, it is 1.978
Bg/kg, for *°Ra it is 10.434 Bg/kg, for **'Cs it is 10.614
Bg/kg, and for ®°Co it is Non-detected.

Seawater Samples

The y-ray measurements for Seawater samples are from
along the eastern coastline from different beach sites in
Kuwait. The average activity for the Seawater collected for
“OK is 45.61 Bq/kg. For 2Th, it is 1.31 Ba/kg, for *°Ra it is
4.01 Ba/kg, for ©*'Cs it is 3.01 Bg/kg, and for ®Co it is 0.21
Ba/kg.

Sea Shell Samples

The y-ray measurements for Sea Shell samples are from
along the eastern coastline from different beach sites in
Kuwait. The average activity for the Sea Shell collected for
K is 56.76 Bq/kg. For **Th, it is 1.69 Bg/kg, for *°Ra it is
3.58 B/kg, for **'Cs it is 3.64 Bg/kg, and for ®°Co it is Non-
detected.

Marine Fish Samples

The y-ray measurements for Marine Fish samples are
from along the eastern coastline from different Sea locations
in Kuwait. The average activity for the Marine Fish collected
for “°K is 56.786 Bq/kg. For Z*Th, it is 1.086 Bqg/kg, for **Ra
it is 3.388 Bq/kg, for **'Cs it is 3.614 Bq/kg, and for “Co it is
Non-detected.

The results show that the mean activity concentration of
Ra-226 and Th-232 is lower than the world average activity
concentration in Beach Sand, 25 Bg/kg. Whereas the mean
value for K-40 is high compared to the whole samples, but
much lower than the global average of 370 Bg/kg. The
activity concentration of Cs-137 in the analyzed samples was
relatively low in all samples, which indicates low level of
contamination due to atmospheric nuclear weapons testing
and/or nuclear accidents such as Chernobyl or nuclear
activities from nuclear bushehr reactor. The variation in
activity concentration of Ra-226 was narrow for all locations,
except for samples KWSf1, KWS2 and KWSW9. The wide
variations of the activity concentration values are due to their
physiochemical and geo-chemical properties and the pertinent
environment. The results show that the mean activity
concentration of Co-60 is non-detected or lower than the
world average activity concentration.

Ra-226 Activity

" Kuwaiti Marine Samples

Ba/Kg

Activity Cone.

3

Sample Code

Figure (7). Specific activities concentrations of “*Ra in
the Kuwaiti Marine samples

Th-232 Activity

® Kuwaiti Marine Samples

J\cilvlly ( “one.

Sample Code

Figure (8). Specific activities concentrations of ***Th in
the Kuwaiti Marine samples
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Figure (9). Specific activities concentrations of “°K in the
Kuwaiti Marine samples
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Figure (10). Specific activities concentrations of *'Cs in
the Kuwaiti Marine samples
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Figure (11). Specific activities concentrations of *°Co in
the Kuwaiti Marine samples
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Table 3. Specific Activities Concentrations Ra-226, Th-232, K-40, Cs-137 and Co0-60 in the Samples.

Activities Concentrations of Marine Samples In Kuwait (Bg/ k

)

No. Sample Type Location Code °Ra 22Th K Bics ®Co
1 Sand of Muddy Shore | Al-Sulaibikhat Bay Coast KwS1 216+0.76 | 1.32+0.57 | 4321+186 | 2.75+0.22 | 0.12+0.17
2 Sand of Muddy Shore | Ras Ushayrij Coast KwS2 0.18+0.31 | 036+0.11 | 1.27+1.17 0.82+0.06 | ND
3 Beach Sand Al-Salam Beach KwS3 3.00+£0.31 |114+046 | 3898+1.12 |547+133 | ND
4 Beach Sand Anjafa Beach KwS4 227+0.20 | 156+042 | 3536+1.25 | 3.36£0.10 | ND
5 Beach Sand Khiran Beach KwsS5 3.14+0.75 | 0.70+0.72 | 59.09+3.21 | 297+0.33 | ND
6 Beach Sand Al-Missila Beach KwS6 214+0.78 | 155+0.72 | 15.94+168 | 2.81+0.31 | ND
7 Beach Sand Al-Egaila Beach KwS7 3.19+049 | 054+029 | 27.83+058 | 2.26+£0.12 | ND
8 Beach Sand Wanasa Beach KwS8 1.46+048 | 0.74+0.12 | 2460+043 | 245+0.44 | ND
9 Beach Sand Shuwaikh Beach KwS9 148+0.95 | 0.66+0.22 | 21.05+0.50 | 3.26+0.12 | ND
10 Beach Sand Al-Watya Beach KwS10 3.07+£050 | 064+030 | 33.62+139 | 1.73+0.17 | ND
11 Beach Sand Al-Fintas Beach KwS11 205+040 | 069+043 | 2841+115 | 162+0.70 | ND
12 Beach Sand Al-Doha Beach KwS12 152+083 | 0.81+025 |4101+138 | 159+0.17 | ND
13 Beach Sand Al-Blajat Beach KwsS13 142+0.23 | 0.77+0.33 | 3396+0.68 | 1.79+0.10 | ND
14 Beach Sand Ras Al-Ard Beach KwS14 209+0.29 | 051+052 | 4156+168 | 0.50+£0.92 | ND
15 Beach Sand Abdulla Port Beach KwS15 155+0.37 | 0.61+0.29 |3481+1.17 |246+0.72 | ND
16 Sea Water Al-Salam Beach KwSW3 | 334+062 | 111+0.92 |5535+237 | 3.31+0.30 | ND
17 Sea Water Anjafa Beach KwSwW4 | 3.05+0.43 | 0.87+0.63 | 4050+0.65 | 357+0.13 | ND
18 Sea Water Khiran Beach KwSW5 | 3.38+0.71 |-023+0.84 | 41.77+224 | 232+0.29 | ND
19 Sea Water Al-Missila Beach KwSW6 | 248+0.22 | 1.16+0.12 | 4252+0.53 | 2.23+0.11 | 0.07 £0.02
20 Sea Water Al-Egaila Beach KwSW7 | 453+125 | 1.13+0.90 | 3551+340 | 252+0.34 | ND
21 Sea Water Wanasa Beach KwSW8 | 421+064 | 1.02+0.38 | 4432+5.19 | 259+0.21 ND
22 Sea Water Shuwaikh Beach KwSW9 | 293+1.11 | 0.29+058 | 19.97+2.03 | 217+0.22 | ND
23 Sea Water Al-Watya Beach KwSW10 | 1.69+151 | 1.35+0.48 | 48.75+1.15 | 3.29+0.23 | ND
24 Sea Water Al-Fintas Beach KwSW11 | 537 +253 | 3.63+1.02 | 75.79+3.14 | 3.94+0.38 | ND
25 Sea Water Al-Doha Beach KwSW12 | 6.65+0.95 | 2.07+0.86 | 57.06+2.46 | 3.63+0.31 | ND
26 Sea Water Al-Blajat Beach KwSW13 | 4.08+055 | 2.30+0.90 | 46.94+1.40 | 3.23+0.30 | ND
27 Sea Water Abdulla Port Beach KwSW14 | 6.44+0.49 | 1.05+0.20 | 38.82+0.80 | 3.34+0.12 | 0.35+0.05
28 Sea Shell Khiran Beach KwSS5 237+045 | 0.87+0.62 | 54.84+236 | 3.83+0.27 | ND
29 Sea Shell Al-Egaila Beach KwSS7 440+132 |188+1.13 | 6056+295 | 480+0.54 | ND
30 Sea Shell Al-Sulaibikhat Bay Coast KwSS9 289+1.23 |208+0.82 | 5218+1.26 | 2.70£0.30 | ND
31 Sea Shell Al-Doha Beach KwSS12 | 4.65+099 | 1.94+0.81 | 59.46+256 | 3.24+0.31 | ND
32 Starfish Arabian Gulf KwsSf1 10.43+1.07 | 1.98+2.10 | 110.92+2.05 | 10.61+0.39 | ND
33 Marine Fish Arabian Gulf KwF1 3.08+0.74 | 1.27+0.49 | 43.99+124 |388+0.34 | ND
34 Marine Fish Arabian Gulf KwF2 2.52 +0.59 147+0.39 | 84.6 +0.89 2.99 £0.20 ND
35 Marine Fish Arabian Gulf KwF3 0.46+£0.17 | 042+£0.25 | 5.18+0.92 3.21+£0.44 ND
36 Marine Fish Arabian Gulf KwF4 6.07 +£2.19 195+323 | 71.76 £2.23 | 4.05+£0.51 ND
37 Marine Fish Arabian Gulf KwF5 481+223 | 032+154 | 7840+468 | 3.94+0.61 | ND

ND: Non Detected Value
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Table 4. The Maximum, Minimum and Average values for the activity concentration of *°R, ?*Th series and “°K in

Kuwaiti samples
Activity Concentration | **Ra 22Th K B¥cs ®Co
Mean 3.26 +0.80 1.15+0.67 | 43.62+1.78 3.11+0.34 0.01+0.01
Min 0.18 £0.17 -0.23+0.11 | 1.27£0.43 0.50 + 0.06 ND
Max 1043 +£253 | 3.63+3.23 | 110.92+5.19 | 10.61+1.33 | 0.35+0.17
ST. Deviation 1.96 £0.57 0.73+0.59 | 20.65+1.12 1.62 £0.26 0.06 +0.03

ND: Non Detected
Table 5 .The Maximum, Minimum and Average values for the hazard parameters in Kuwaiti samples.

Hazard Absorbed Dose (DR) | Annual Effective Dose Gamma Index (Iy) Alpha Index
Parameters (nGy/h) (Effe) (uSvly) (Ia)
Mean 4.04 £ 0.86 4.96 +1.06 0.03+£0.01 0.02 +£0.00
Min. 0.36 £0.20 0.44£0.24 0.00 £ 0.00 0.00 £ 0.00
Max. 10.68 + 3.10 13.10 £ 3.81 0.08 £ 0.02 0.05+0.01
ST. Deviation 1.96 = 0.60 240+0.74 0.02 £ 0.00 0.01 £ 0.00
Hazard Radium Equivalent (Raeq) (Bg/Kg) | External Hazard Index (Hex) | Internal Hazard Index (Hin)
Parameters
Mean 8.26 £ 1.90 0.02 £0.01 0.03 +£0.01
Min 0.79+£0.43 0.00 £ 0.00 0.00 £ 0.00
Max 21.80 £6.98 0.06 £ 0.02 0.09 £ 0.02
ST. Deviation | 4.03 +1.35 0.01 +0.00 0.02 £0.01
The average activity concentration of ?°Ra, ***Th series, 4000
0K, B¥'Cs and *°Co for Marine samples is 3.26 + 0.80 Ba/kg, | 5 g S1mple Code (WSE)
1.15 + 0.67 Bg/kg, 43.62 + 1.78 Bg/kg, 3.11 + 0.34 Bg/kg 3500 - z ’
and 0.01 £ 0.01Bqg/kg respectively. The results show that the ~ Z
mean activity concentration is lower than the world average < 3000 5¥
activity concentration. E 2500l 3 _
According to the Kuwaiti Marine samples, The estimated 5 |23 o 3 M
average for (Radium Equivalent Rate, External Hazard Index, % 2000f0iH = s %z
Internal Hazard Index, Absorbed Dose, Annual effective g £ 1z 2 3
dose, Gamma Index, Alpha Index) is (8.26 + 1.90 Bg/kg, 0.02 S 1500 ;2f 3 3 2|2 fe 2 A -
+ 0.01 Bg/kg, 0.03 + 0.01 Bg/kg, 4.04 + 0.86 Bg/kg, 4.96 =4 ':‘ S 3 & :;: = 3 2
1.06 Bg/kg, 0.03 £ 0.01 Bg/kg and 0.02 + 0.00 Bg/kg), 1080 o & |2 1% % gz
respectively. The estimated hazard parameters in all samples 00 ' 8 :f a n ;
are Lower than the recommended limits for occupationally i ‘H, 8¢ = &
[ . |
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3.2 Hazard Parameters
Calculation of the Absorbed Dose Rate ( Dr)

If naturally occurring radioactive nuclides are uniformly
distributed in the ground, dose rates at 1 m above the ground
surface are calculated by the following formula [Beck, 1972].
Dose rate (nGy/h) = Concentration of nuclide (Bg/kg) X
Conversion Factor (nGy/h per Bg/kg).

There is concern that some of sands will cause excessive
radiation doses to the total body due to gamma rays emitted
by #*Th decay chain, ?*Pb and #*Bi progeny of **Ra and
“OK also contribute to the total body radiation dose. The
absorbed dose rates one meter above the ground due to the
radioactivity in the sands were calculated using the flowing
equation [UNSCEAR, 2000]:

DR = Cra Arat+ Cn Amp + Cy A
Dr (nGy/h) =(0.46 * Ar,) + (0.62 * Aqp) + (0.042 * Ax)

Where Dg is the absorbed dose rate (nGy/h). The Cg,,
Ctn and C are the conversion factors, expressed in (nGyhr'1
per Bq kg™) for potassium (0.042), thorium (0.62), and
radium (0.46) respectively.

The Absorbed Dose Rate (DR ).

& Kuwaid Marine Samples

3
&
iz
=&
Sz
H

=

Figure (20). The Absorbed Dose Rate (Dg) In Kuwaiti and
Egyptian Samples
3.2.1 Calculation of the Annual Effective Dose (Eeff)

Also annual effective dose is a useful concept that
enables the radiation doses from different radionuclides and
from different types and sources of radioactivity to be added.
It is based on the risks of radiation induced health affects
which the annual effective dose rate Eeff (mSv/ y) can be
calculated using the following relations [UNSECEAR, 2000
and Huy et al., 2006].

Eeff = DR (nGy h-1) x 8760(h y-1) x O x C (mSv/nGy)
E, = Dzrx8760 x 0.7 x -2

10 7 nGu
Where D is the absorbed dose rate in (nGy/h). O is the
occupancy factor and C is the absorbed to effective dose
conversion factor (0.7 x 10-6 Sv per Gy).

The Annual Effective Dose ( Eeff)
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8 Kuwaiti Marine Samples
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Figure (21). The Annual Effective Dose ( E¢ ) In Kuwaiti
Samples

3.2.2 The Radioactivity Level Index (Gamma Index (Iy))
The y-ray radiation hazards associated with the natural
radionuclides of building materials can be assessed by means
of radioactivity level index, Iy. Radioactivity level index
should be less than unity for radiation dose of 1 mSv/ .
Radioactivity level index (Iy) can be calculated from
equation:
Iy = (ARa/300) + (ATh/200) + (Ak/3000)
Where (Iy) is the Gamma Index. The ARa, ATh and AK
are the activity concentrations, expressed in (Bg/kg) for
radium, thorium and potassium respectively.

(Gamma Index (Iy) )

w Kumaiti Marine Sample:

Activity Cone.

Sample Code

Figure (22). Radioactivity Level Index ( Gamma Index (
Iy ) ) In Kuwaiti Samples
3.2.3. The Radioactivity Level Index (Alpha Index ( Ia ))
Alpha radiation due to radon inhalation released from of
west petroleum was calculated from equation, and it is called
alpha index (Ia). Alpha index should be less than unity in
order to reflect a value of radium concentration less than 200
Bg kg-1 (the upper recommended value) and consequently
the release radon concentration will be more than 200 Bq m™.
Io. = ARa/200
Where (Ia) is the Alpha Index. The ARa is the activity
concentration of radium in (Bg/kg).

(Alpha Index (Iu))

# Kuwaiti Marine Samples

Activity Cone.

ZI, |||I‘|||I||I|H|IH||

Sample Code

Figure (23). Radioactivity Level Index (Alpha Index ( Ia ))
In Kuwaiti Samples
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Table 6. Absorbed Dose Rate (Dg), Annual Effective Dose (Effe), Gamma Index (Iy) and Alpha Index (Ia) of The Kuwaiti
Marine Samples

Marine Sample Code | Absorbed Dose (DR) (nGy/h) | Annual Effective Dose (Effe) (uSv/y) | Gamma Index (Iy) | Alpha Index (Ia)
KwS1 3.628 £0.781 4.449 +0.781 0.028 £0.781 0.011 £ 0.004
KwS2 0.358 £ 0.263 0.439 £ 0.263 0.003 £ 0.263 0.001 £ 0.002
KwS3 3.724 £0.471 4.567 £0.471 0.029 £0.471 0.015 +0.002
KwS4 3.500 £ 0.409 4.292 +0.409 0.027 £ 0.409 0.011 +0.001
KwS5 4.359 + 0.928 5.346 £ 0.928 0.034 +0.928 0.016 + 0.004
KwS6 2.613+£0.874 3.205 +£0.874 0.020 £0.874 0.011 £ 0.004
KwS7 2.971£0.428 3.644 £ 0.428 0.023 £0.428 0.016 £ 0.002
KwS8 2.164 +£0.314 2.654 +0.314 0.017 £0.314 0.007 £ 0.002
KwS9 1.976 £ 0.591 2.423 £0.591 0.015 £ 0.591 0.007 £ 0.005
KwS10 3.223£0.472 3.953 £ 0.472 0.025 +£0.472 0.015 £ 0.002
KwsS11 2.561 £ 0.501 3.141 £ 0.501 0.020 £ 0.501 0.010 £ 0.002
KwsS12 2.925 £ 0.592 3.587 £ 0.592 0.023 £ 0.592 0.008 £ 0.004
KwS13 2.557 £0.341 3.136 £ 0.341 0.020 £ 0.341 0.007 £ 0.001
KwS14 3.024 £ 0.527 3.709 £ 0.527 0.023 £ 0.527 0.010 £ 0.001
KwsS15 2.554 £ 0.403 3.132 £ 0.403 0.020 £ 0.403 0.008 £ 0.002
KwSW3 4.550 + 0.954 5.580 + 0.954 0.035 £ 0.954 0.017 £0.003
KwSW4 3.640 £ 0.616 4.464 £ 0.616 0.028 + 0.616 0.015 £ 0.002
KwSW5 3.17£0.94 3.38+£1.15 0.024 +0.007 0.017 £ 0.004
KwSW6 3.64 £0.20 4.47+0.24 0.028 +0.002 0.012 +0.001
KwSW7 4273 +1.273 5.241 £1.273 0.033 £1.273 0.023 = 0.006
KwSW8 443 £0.75 5.43+0.91 0.037 £ 0.006 0.021 +0.003
KwSW9 2.370 £ 0.957 2.906 + 0.957 0.018 + 0.957 0.015 £ 0.006
KwSW10 3.657 £ 1.044 4.485 + 1.044 0.029 + 1.044 0.008 + 0.008
KwSW11 7.905 + 1.931 9.695 + 1.931 0.061 +1.931 0.027 £0.013
KwSW12 6.735+ 1.075 8.260 + 1.075 0.052 + 1.075 0.033 + 0.005
KwSW13 5.274 + 0.869 6.468 + 0.869 0.041 £+ 0.869 0.020 + 0.003
KwSW14 5.242 +0.382 6.429 £ 0.382 0.040 £ 0.382 0.032 = 0.002
KwSS5 3.932 £ 0.686 4.823 +0.686 0.031 +0.686 0.012 +0.002
KwSS7 5.73+1.43 7.03+1.75 0.044 £0.011 0.022 +0.007
KwSS9 481+1.13 5.90 +£1.38 0.037 £ 0.009 0.014 £ 0.006
KwSS12 5.84 £1.07 7.17+1.31 0.045 = 0.008 0.023 = 0.005
Kwsfl 10.685 + 1.880 13.104 + 1.880 0.082 + 1.880 0.052 + 0.005
KwF1 4.054 +0.695 4.972 + 0.695 0.031 £ 0.695 0.015 £ 0.004
KwF2 4.125+0.551 5.047 £ 0.676 0.032 £ 0.004 0.013 £ 0.003
KwF3 0.691 £ 0.272 0.847 £0.272 0.005 + 0.272 0.002 £ 0.001
KwF4 7.013 £3.104 8.600 = 3.104 0.054 +3.104 0.030 £ 0.011
KwF5 5.704 £2.173 6.995 +2.173 0.044 £2.173 0.024 £0.011

3.2.4 The Radium Equivalent Activity:

Radium equivalent activity is a widely used hazard
index. It is calculated as follows [Huy et al., 2006].
Raeq = Arg + 1.43 Ap, + 0.077A¢

Where Ara, At and A are activities of 2°Ra, **Th and
“OK . respectively, in Bg/kg. It is assumed that 370 Bg/kg of
?°Ra, 259 Bq/kg of ?*2Th, and 4810 Bg/kg of “°K produced
the same gamma-ray dose rate.
I Specific activiti ions of Radium Equivalent ( Raeq)

® Kurwaiei Marine Saemples

i IH\M \I.h

Activity Cone,

vvvvvvv & PSP
&Y

Sample Code

Figure (24). Specific activities concentrations of Radium
Equivalent ( Ragq ) in Kuwaiti Samples

The maximum value of Ra-eq must be <370 Bgkg™ in
order to keep the external dose <1.5 mGy/y [OECD, 1979 and
Huy et al., 2006].

3.2.5. The External Hazard Index (Hex):

The external hazard index is obtained from Raeq
expression through the supposition that its allowed maximum
value (equal to unity) corresponds to the upper limit of Raeq
(370 Bg/kg). The external hazard index (Hex) considers only
the external exposure risk due to gamma-rays. The external
hazard index (Hex) is given by the following equation
[Krieger, 1981]:

Hex = Ara/370 + A7p/259 + Ay/4810

Where (Hey) is external hazard index. The Agrs, Aty and
Ak are the activity concentrations, expressed in (Bg/kg) for
radium, thorium and potassium respectively. The values of
external hazard index (Hex) must not exceed the limit of unity
for the radiation hazard to be negligible
3.2.6 The Internal Hazard Index (Hi,)

The internal hazard index (Hi,) gives the internal
exposure to carcinogenic radon and its short-lived progeny
and is giving by the following formula [Beretka, 1985;
Cottens, 1990]:
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A are the activity concentrations, expressed in (Bg/kg) for
radium, thorium and potassium respectively.

than unity to have negligible hazardous effects of radon and
its short lived progeny to the respiratory organs [UNSCARE,
2000].

Hin = Ara/185 + Am/259 + Ak/4810
Where (Hj,) is internal hazard index. The Ars, A and

The Internal Hazard Index ( Hin )

® Kumaiti Marin ¢ Sample:

The values of internal hazard index (H;,) must be less

Activity Cone,

L
® Kuwaiti Mazine Sample: 2
oor ]

Activity Cone.

The External Hazard Index ( Hex )
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Figure (26). Specific activities concentrations of The
Internal Hazard Index ( Hin ) In Kuwaiti Samples.
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Figure (25). Specific activities concentrations of the
External Hazard Index ( Hey ) in Kuwaiti Samples.

Table 7. Radium Equivalent, External and Internal Hazard Index of The Kuwaiti Marine Samples

Marine Sample Code | Radium Equivalent (Raeq) (Bg/Kg) | External Hazard Index (Hex) | Internal Hazard Index (Hin)
KwS1 7.38+1.72 0.020 +0.005 0.026 +0.007
KwS2 0.79 + 0.56 0.002 +0.002 0.003 +0.002
KwS3 7.63 +1.05 0.021 +0.003 0.029 +0.004
KwS4 7.23+0.91 0.020 +0.002 0.026 +0.003
KwS5 8.69 +2.03 0.023 +0.005 0.032 +0.008
KwS6 5.58 +1.93 0.015 +0.005 0.021 +0.007
KwS7 6.10 + 0.95 0.016 +0.003 0.025 +0.004
KwS8 4.41+0.69 0.012 +0.002 0.016 +0.003
KwS9 4.05+1.29 0.011 +0.003 0.015 +0.006
KwS10 6.58 +£1.03 0.018 +0.003 0.026 +0.004
KwS11 522+1.11 0.014 +0.003 0.020 +0.004
KwS12 5.84+1.29 0.016 +0.003 0.020 +0.006
KwS13 5.14 £ 0.76 0.014 +0.002 0.018 +0.003
KwS14 6.02+1.16 0.016 +0.003 0.022 +0.004
KwS15 5.10 £ 0.88 0.014 +0.002 0.018 +0.003
KwSW3 9.19+211 0.025 +0.006 0.034 +0.007
KwSW4 7.40+£1.38 0.020 +0.004 0.028 +0.005
KwSW5 6.26 £ 2.08 0.017 +0.006 0.026 + 0.008
KwSW6 7.41+0.43 0.020 + 0.001 0.027 + 0.002
KwSW7 8.88+£2.79 0.024 +0.008 0.036 +0.011
KwSW8 9.08 £1.58 0.025 = 0.004 0.036 + 0.006
KwSW9 4.89+2.10 0.013 +0.006 0.021 +0.009
KwSW10 7.36 £2.29 0.020 +0.006 0.024 +0.010
KwSW11 16.40+£4.24 0.044 +0.011 0.059 +0.018
KwSW12 13.99 £ 2.37 0.038 +0.006 0.056 +0.009
KwSW13 10.98 £1.94 0.030 +0.005 0.041 +0.007
KwSW14 10.93 £ 0.84 0.030 +0.002 0.047 +0.004
KwSS5 7.84+£151 0.021 +0.004 0.028 +0.005
KwSS7 11.75+3.16 0.032 + 0.009 0.044 +0.012
KwSS9 9.89 + 2.50 0.027 +0.007 0.035 +0.010
KwSS12 12.01+£2.35 0.032 + 0.006 0.045 +0.009
KwsSf1 21.80 £4.23 0.059 +0.011 0.087 +0.014
KwF1 8.29 + 1.53 0.022 +0.004 0.031 +0.006
KwF2 8.37+1.22 0.023 + 0.003 0.029 + 0.005
KwF3 1.46 +0.60 0.004 +0.002 0.005 +0.002
KwF4 14.38 + 6.98 0.039 +0.019 0.055 +0.025
KwF5 11.30+4.78 0.031 +0.013 0.044 +0.019
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Table 8. Comparison of Ranges of activity levels of Ra226, Th232, K40 and the other fissionable isotopes products in
nuclear reactors and nuclear weapons (if any) in the studied Marine Samples and their values for different countries all
over the world

Activities Concentrations of Radionuclides in Marine Samples all over the
c world. (Bg/ kg) Ref
ountry Ra2%5 Range Th? Range 0 el o eference
(Uranium (Thorium R R R
Chain) Chain) ange ange ange

Red Sea, Egyptian coast 21.1 124 930 ND-1.2 ND Harb, 2008
Red Sea, Sudanese coast - 6.02 158.4 4.09 ND Sam, et al., 1998
Mediterranean, Egyptian coast 56 83.4 88.1 - ND Seddeek et al., 2005

) ) Ac*®: 13.4 Noureddine et al.,
Mediterranean, Algerian coast 28.6 Ph22: 15 3 205 0.7 ND 1997
Mediterranean, French coast - Ac*®: 4.8-690 140-690 - ND Vassas et al., 2006

Ac*®®: 26
lonian sea, Albanian coast 23 Bi**?: 31 532 10 ND Tsabaris, et al. 2007
Pb*': 28.4
Aegean sea, Turkish coast - 523 1161 2.31 ND Orgin et al, 2007
Avrabian gulf, Kuwait coast 8.72 1.6-17 40.5-492 <0.1 ND Saad and Al-Azmi,
2002

Atlantic ocean, Brazilian coast 34-637 36-6675 42.666 - ND Veiga, et al. 2006
Atlantic ocean, Spanish southwestern coast | 7.3 6.8 160 0.5 ND Ligero et al., 2001
Indian ocean, Kenyan coast - 11-26 206-520 <2.9-3.2 ND Hashim et al, 2004
Indian ocean, Indian southwestern coast 31 38 152 - ND Karunakara et al, 2005
Bengal bay, Indian southeastern coast - 120 2500 - ND Mohanty et al, 2004
Bengal bay, Bangladesh coast 19 37 458 - ND Alam et al, 1999
Andaman sea, Thailand coast 2.7-24 3-35 11-654 - ND Malain et al., 2009)
Black Sea, Bulgarian coast 4.2-5.8 4.2-4.8 - - ND Strezov et al., 1998
Arabian Gulf (Kuwaiti Coast) 0.18-10.43 -0.23-3.63 1.27-110.92 | 0.50-10.61 | ND-0.35 | Present Study

4. Conclusions Equivalent Rate, External Hazard Index, Internal Hazard

According to the present results, it appears clearly the
following:

A total of 37 of marine environment Samples of the
Arabian Gulf region (Beach Muddy/Sands, Arabian Gulf
Water, Shells and Different types of Marine Fish) collected
along the eastern coastline of the State of Kuwait. All
samples were collected from different beach sites in Kuwait.
These samples were collected randomly from different
locations in these sites (from north to south along the eastern
coastline of Arabian Gulf). All samples were measured using
gamma spectrometry technique, with high purity germanium
detector (HPGe). The results show that the average activity
concentrations of °Ra series, **Th series and “°K, *'Cs and
®Co for Kuwaiti Environmental Marine Samples are lower
than the worldwide average value. The worldwide average
values (32, 45 and 420) for **Ra, *?Th series and “’K,
respectively. The activity concentration of *°Ra series, 2?Th
series and “°K, ®*’Cs and *°Co for Kuwaiti Environmental
Marine Samples ranged between [(0.18-10.43) Bg/kg with
average of 3.26+£0.80 Bg/kg, (-0.23-3.63) Bg/kg with
average of 1.15+0.67 Bg/kg, (1.27-110.92) Bg/kg with
average of 43.62+1.7 Bg/kg, (0.50-10.61) Bg/kg with average
of 3.11 + 0.34 Bg/kg and (ND-0.35) Bg/kg with average of
0.01+0.01 Bg/kg] respectively. Marine Environment Samples
of the Arabian Gulf region in Kuwait have been investigated.
Samples were collected along the eastern coastline of the
State of Kuwait. All samples were collected from different
beach sites in Kuwait. These samples were collected
randomly from different locations in these sites (from north to
south along the eastern coastline of Arabian Gulf). According
to the Kuwaiti samples, the estimated range for (Radium

Index, Absorbed Dose, annual effective dose, Gamma Index,
Alpha Index) is [(0.79 — 21.80) Bg/kg with average of 8.26 +
1.90 Bg/kg, (0.00 — 0.06) Bg/kg with average of 0.02 = 0.01

Ba/kg, (0.00 — 0.09) Bg/kg with average of 0.03 + 0.01
Ba/kg, (0.36 - 10.68) Bg/kg with average of 4.04 + 0.86
Bag/kg, (0.44 — 13.10) Bg/kg with average of 4.96 + 1.06
Ba/kg, (0.00 — 0.08) Bg/kg with average of 0.03 = 0.01

Bg/kg and (0.00 — 0.05) Bg/kg with average of 0.02 £ 0.00
Ba/kg], respectively. The estimated hazard parameters in all
Kuwaiti samples are lower than the recommended limits for
occupationally worker. From this study, it was noticed that
the average activity concentrations of **Ra series, ***Th
series, “°K, ¥*'Cs and *°Co for Kuwaiti Environmental Marine
Samples are lower than the worldwide average value. The
worldwide average values (32, 45 and 420) for *Ra, **Th
series and “°K, respectively. It is noticed that the results of
activities of ®Ra, %2Th, “°K and *’Cs are higher in the Sea
Water sample with code KWSW12 and KWSW14 and higher
in Starfish sample with code KWSF1. This high activity can
be attributed to other sources from the surrounding areas
carried the elements by wind, dust or ground water, or From
the remnants of the giant oil tankers and reactors that are
located on the Arabian Gulf and the previous wars of the Gulf
region and its outcome from which leads to health,
environmental and economic ramifications. Its effects are
reflected on the region or in the earth shakes that are exposed
to Countries that are located on the Arabian Gulf. All citizens,
fishers, divers and beach-goers must follow the precautionary
regulations and any changes to the beaches, Gulf waters or
traded fish. The scarcity of concentration of industrial
radionuclides in all the samples under study proves that the
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Gulf water is not currently radioactive and is completely safe
as well as Kuwaiti beaches. Such workers should follow
approved radiation protection regulations and receive regular
medical surveillance. The Marine sites of NORM activities
require qualified radiation protection experts to safeguard
workers and environment from exposure and contaminations
during all stages. Restricted regulations should be applied for
the workers that performing cleaning of the contaminated
marine equipment.
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