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Abstract

The specific concentration of radioisotopes of Potassium “°K; Cesium *’Cs and
Radium (***Ra ,?*°Ra, ?*®Ra) have been identified for soil, sediment, fish samples (Liza abu,
Liza klunzingeri, Brachirus orientalius, Tylosurus crocodilus, Cyprinus carpio and
Acanthopagrus arabicus) and kladophora as well as snails in the stations: Qurmat Ali; Al sadir
Teaching Hospital; Umm Qasr Port and and Arabian Gulf 1 in 2016. The present study aims
to detect the impact of both Chernobyl reactor explosion, Fokushima reactor destruction and
the oil industries in the study region environments. The results of the soil and sediment
analysis showed that there is an impact of Chernobyl accident. There are observed
concentrations for the **’Cs; in addition to the effect of the oil industries in the soil,
sediments, and Acanthopagrus arabicus fish and Kladophora crusbate plant. This was proved
by measuring the concentrations of Radium isotopes in the amounts above the allowable rates
globally and locally. The results of the current study showed that the rates of Potassium 40
were the most prominent in fish samples and the Kladophora crusbate plant, which represents
the predominant radiation activity and it is within the permitted natural range. The results of
this study can be considered as a basis for monitoring of the future changes.
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1. Introduction

The environment is generally exposed to a
continuous stream of pollutants of various
kinds, some of which result from natural
activities but mostly from human activities.
Radiation pollutants are subject to the
reactions and transitions within the
environment. Where they are concentrated,
transferred from one part to another and

integrated into ecological activities. In
particular, the seas are the most
concentrated reservoirs of radioactive

contaminants. Therefore, significance of the
seas from ecological studies is no less than
that of other parts of the earth and the
atmosphere [10]. Since the beginning of
World War I, various researchers have
been interested in conducting extensive
research to understand the chemical and
physical properties of radioactive materials
which  attributed to  natural and
anthropogenic sources that are affected the
general population [1]. The naturally
occurring radioactive material (NORM)
belong to one of the natural radiation decay
chains: the uranium 2*®U series, the thorium
22Th series and the actinium ?*°U series,
which accompanies potassium “°K decay
[11]. The natural radioactive sources are
found in varying concentrations from one
region to another on the surface of the
plant. They may be concentrated as a
byproduct of some industries, such as the
phosphate fertilizer industry and the oil and
gas industry, in addition to the combustion
of fossil fuels in the electricity industry.
The human body naturally contains
specific amounts of these radioactive
isotopes, most notably Potassium “°K.
Potassium “°K is a natural isotope that
contributes to the largest part of the
radiation dose entering people bodies. The
decay of the three radiation chains leads to
the production of other natural radioactive
isotopes, which are characterized by
physical and chemical properties that differ
from their radionuclide characteristics.
Among these dates, the Radium element Ra
and these dates have a shorter half -life.
These elements emit different types of
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ionizing radiation in the environment and
energy rates are different from the parents
[3]. Radiation decay is the emission of
particles or electromagnetic radiation from
the nucleus of the atom (for radioactive
nuclei). Particles are divided into the rays
of alpha particles (the nucleus of helium
atom) or the radiation of beta particles,
whereas the electromagnetic radiation is a
beam of Gamma radiation. When any type
of ionizing radiation collides with the atom,
it is ionized, thereby damaging living cells
that exposed to the radiation, and this
damage increases the risk of cancer. If the
exposure to Radium radiation is externally,
the rate of damage is less because the range
of alpha particles is too small to penetrate
the skin, and the beta particles do not
exceed the surface layer of the skin.
Radium, dissolved in water, concentrated in
biota and dissolved in the soil, damages
internal living cells and thus increases the
risk of cancer, primarily bone cancer and
sinus cancer [8]. It should be noted that the
risks incurred are dependent on the way the
body metabolizes. The United States
Environmental Protection Agency
(USEPA) has established a standard for the
maximum  concentration level MCL
contamination of the radium-Ra element in
public drinking water supply stations
because of the health risks associated with
the handling of these radioactive materials.
The MCL that determined by (USEPA) for
the total radium **Ra and ?*Ra is 5 pCi / L
and for the alpha particles is 15 pCi / L
[17]. This leads to a cancer risk of 1 to
20,000 in the case of 2 liters of
contaminated water per day for 70 years.
There are many studies for the estimation of
the concentration of radium isotopes ?’Ra,
%Ra, **Ra [16, 2, 5, 13]. The
anthropogenic radioactive elements are
primarily produce from nuclear tests,
nuclear power plants, various medical and
agricultural uses, scientific research, and
the explosion of reactors such as the
Chernobyl reactor explosion.

The most important nuclear fission products
are the strontium *°Sr |, its half-life is 28.8
years, and the cesium *'C | its half-life is
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30 years. They have long half-life and
similarity in their chemical composition.
The strontium %Sr is similar to calcium,
which they belong to group (1) in the
periodic table, while cesium **’C is similar
to potassium “°K belonging to group (2) of
the periodic table, as potassium is the main
element in the composition of muscle cells
and then the pollution is relatively larger
[9]. In the body of a man weighing 70 kg,
the potassium content is about 160 g,
equivalent to the decay of 4,900 nuclei of
potassium “°K per second [15]. Similar
chemical elements can compete with each
other when moving from soil to plant to
man.

The objective of the research is studying the
concentration of the  anthropogenic
radionuclides in a number of environments
to monitor the level of radiation activity
produced after the Chernobyl explosion. In
addition to that, studying of concentrations
of the natural nuclides in the water
environment of southern Irag, which may
contain isotopes that coming from the
remnants of oil industries and other
industries. So, the aim of the present study
is to conduct a radiological survey of
samples from the aquatic environment in
addition to soil and sediments to determine
the samples in which radionuclides are
concentrated and to be adopted as bioactive
radionuclides.

2. The study region

The study region is located in the south of
Irag within the sedimentary plain. It is
located between longitudes (73° 480" (17°
470" east, and latitudes (57° 300" (81°
290") north. The study region includes
selected regions of Basrah Governorate,
Shat Al-arab and the coastal water in the
outer bar north-west of the Arabian Gulf
(i.e. Arabian Gulf 1), as shown in figure
(1). Shat Al-arab is an estuary formed from
the confluence of the Tigris and Euphrates
rivers. These rivers meet in the region of
Qurmat Ali, the northern entrance of the
Basrah, which is about 200 km long. It also
consists of the Al-karcha river, which flows
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in Shat Al-arab north of the Basrah through
the marshes, and Al-karun river, which
flows in this estuary - in south of Basrah.
The sources of these two rivers are located
in Iran. In addition to other permanent or
seasonal tributaries flowing into one of
those rivers. Shat Al-arab identifies the
interactive relationship with salty sea water
in both tidal conditions (i.e. flood-tide and
ebb-tide), going north during flood-tide and
south during the ebb-tide [6]. Arabian Gulf
is a shallow stretch of the Indian Ocean
between Arabian peninsula and
southwestern Iran. It covers an area of

about 241,000 km? and is about 990 km
long and its width ranges from a maximum
of 340 km to a minimum of 55 km in the
Strait of Hormuz. It is bordered by Iran
from the north, northeast; while from the
south-east and south are Oman and United
Arab Emirates. Furthermore, it is bordered
from the southwest and west by Saudi
Arabia and Qatar. Kuwait and Iraq are
located on its northwestern tip, while
Bahrain lies within the waters of the
western Gulf in northern Qatar.

The waters of the Gulf rarely exceed 90
meters depth, and in very few areas may
reach depths of more than 110 meters at its
entrance and in isolated places in the south-
eastern part. The Gulf is asymmetric in
depth. The deepest water lies along the
Iranian coast and most of its areas are about
35 meters deep. There are many islands,
most of which are salt domes,
accumulations of coral and skeletal debris
of fine marine animals. The rate of tides
varies in the Arabian Gulf and rises to 3.0
to 3.4 m in the northwest. The movement of
the surface water in the Gulf is the counter
clockwise, and is characterized by a vertical
movement. Surface water, when entering
from Indian Ocean, is evaporated and thus
becomes more dense and drowns within the
body of the Gulf to emerge from the Gulf
into the Strait of Hormuz to the Indian
Ocean as deep water currents under the
surface currents entering the Gulf body [7].
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3. Collection of samples

Samples were collected during the month of
June 2016 to November 2016, from the
selecting regions. The samples were
collected according to the recommendations
and procedures of the International Atomic
Energy Agency (IAEA). A group of at least
6 soil samples were taken for an area of at
least 10 m? and to the 4 corners per each
site, at a depth of (0-15 m). The mud
sediments were collected from Shat Al-arab
and Arabian Gulf using the grap sampler,
while the kladophora as well as snails were
collected manually, whereas, the fish were
purchased from fishermen within the study
region.

4. Preparation of samples

The samples were prepared after transfer to
the marine radiation pollution laboratory.
The samples were dried after purification

44444444
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from impurities and suspended materials in
a drying oven within 48 hours at 105 ° C.
They were then grinded and sifted with 2
mm sieve. Each sample weighing 500 ¢
was then placed in plastic bags with an
indication to the type and location of the
sample.

5. Samples measurement

After preparation, the samples were sent to
the Ministry of Science and Technology /
Central Laboratories to measure the level of
radiation concentrations using Gamma Rays
Spectrometry. The system uses a high-purity
Germanium detector that has an analytical
capacity of 1.8 KeV in the energy of 1332
KeV, with an efficiency of 40%. The system
uses Gamma Vission-32 software, which is
supplied by Ortec company to extract data
from the resulting spectra.

N
—~ —

Shat Al-Arab
Sah

Qurmat Al [

I Al Sadir Teaching Hospital [""'

Figure (1): Map of study region.
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6. Results and discussion
6.1 Specific concentration of Potassium
40K

Potassium is one of the most important
mineral elements in the earth's crust. The
natural potassium has three isotopes (*°K,
K, “K). Potassium “°K has a half-life of
1.3 x 10° y and emits gamma and beta
particles, whereas, its content in the total
potassium is approximately 0.01178% [14].
Since “°K is the most effective in the earth's
crust and does not belong to the U, #°U
and 2*2Th radiation series, its study is one of
the fundamental principles of natural
radiation background.

After sampling and laboratory preparation,
the gamma spectrums of the samples are
studied. The peak of concentration of
potassium “°K is determined at energy of
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1460 KeV. The specific concentration is
calculated after determining the specific
intensity of “°K and the efficiency of the
detector. Table (1) shows the specific
concentration of potassium “K in all
samples, while the figure (1) shows the
comparison of the specific concentration .
The results showed that the highest
concentration ~ of  potassium K
concentration was for (Liza abu, Liza
Klunzingeri, Brachirus orientalius, Cyprinus
carpio and kladophora plants). This may be
due to weak mixing and circulation in the
study region in comparison with open sea
water, which increases the concentration of
the mentioned isotope in the above samples.
These ratios are within the internationally
permissible limits of this compound in
comparison to [12]. “K has affinity to
biological materials and sands also.
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Table (1): The specific concentration A, for the potassium “°K in the studied samples

Specific
Concentration Coordinates Sampling Regions Sample Type Symbol | Seq.
A; (Ba/Kg) _
370.9 4843 1E  29°50' 2N Iragi coastal Soil s1 I
water/Outer bar
397.9 47°578E 30°124'N | UMM Qa;gi tOppos'te Soil 2 | 2
337.6 A°5111E 30030 49.7’' N | Al Sadir Teaching soil s3 | 3
Hospital/Opposite
360.8 4843 1E  29°50' 2N Iragi coastal Sediments sa | 4
water/Outer bar
370 47’578 E 30°124'N | UMM Qa;z)i tOppos'te Sediments 5 | s
o . ) Al Sadir Teaching
367 47°51'11°E 30°3049.7 N | Hospital/ Shat Al- Sediments S6 6
arab
o . ) Al Sadir Teaching Liza abu Eish
762 47°51'11°E 30°3049.7 N | Hospital/ Shat Al- ’ F7 7
arab (Heckel, 1843)
0 ot o 04", Liza klunzingeri
914 47578 E 30124 N Umm Qasr Port Fish,(Day,1888) F8 8
Brachirus
o ' orientalius Fish,
654 48°43'1'E  29°50'2N Iraqgi coastal water (Bloch and F9 9
Schneider,
1801)*
Tylosurus
368 48°43'1'E  29°50'2N Iraqi coastal water crocodilus Fish, F10 10
(Peron and
Lesueur,1821)*
1180 47°44' 236 E 30°34 455 N | Shat Al-arab/ Qurmat | Cyprinus carpio F11 11

112



JOURNAL OF KUFA - PHYSICS, Vol.10, No.1 (2018)

Abather Jabbar

Ali Bassa

Ageel Abdulsahib

Ali Fish, (Linnaeus,
1758)*
Acanthopagrus
500 47°37'29.1'E 31°34'11.8'N Umm Qasr Port arabicus Fish, F12 12
(Iwatsuki, 1013)*
708 47944 236'E 30034 455 N | SMatAl-arab/Qurmat | Kladophora B13 | 13
Ali crusbate
Lymena (Radix)
280 47° 44 23.6'E 30°34 455 N Shat Al-arap/ Qurmat anricu]aria Snails B14 14
Ali (Linnaeus,
1758)*

* Each name of an animal or plant is followed by the name of the scientist that discovers it.
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200

Specific Concentration A, (Bq/Kg) 4°K
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F9 F10 F11 F12 B13 Bl4

Figure (2): Comparison of the specific concentration of “°K in the study region samples.

6.2 Specific concentration of Radium
(***Ra, **°Ra, *®Ra) and Cesium (**'Cs)

Samples were collected from the study

Cent

ral

Laboratories.
concentrations of the above elements as

The

specific

shown in table (2), were compared to

region, after their preparation, were sent to
the Ministry of Science and Technology /

figures (3), (4), (5), (6).

Table (2): The specific concentration As for the (***Ra, ?°Ra, *®Ra, *¥Cs) in the studied

samples
Specific Specific Specific Specific
Concentration | Concentration | Concentration | Concentration Sampling sample Tvoe | Svmbol | se
A; (Ba/Kg) A (Ba/Kg) A (Ba/Kg) A, (Ba/Kg) Regions ple typ y 9
228Ra 226Ra 224Ra 137Cs
15.3 29.15 6.9 2.9 Iraqi coastal Soil S1 1
water/Outer bar
154 23.3 9.7 15 Umm Qasr / Soil S2 2
Opposite Port
Al Sadir
14.23 33.22 12.8 1.7 Teaching soil S3 3
Hospital/Opposite
14.94 27.35 11.27 N.D* Iragi coastal Sediments S4 4
water/Quter bar
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15.2 30.84 9.24 1.6 Umm Qasr / Sediments S5 5
Opposite Port
Al Sadir
17.8 30.62 12.9 4.7 Teaching - S6 6
Hospital/ Shat Al- Sediments
arab
Al Sadir
14.95 15.59 474 N.D* Teaching Liza abu Fish, F7 7
Hospital/ Shat Al- | (Heckel, 1843)
arab
N.D* 10.22 3.36 N.D* o 8| 8
' ' ' ' Umm Qasr Port klunzingeri
Fish,(Day,1888)
Brachirus
N.D* 10.16 3.36 N.D* Iragi coastal Or'fgltslc'ﬁzrffh’ F9 | 9
water .
Schneider,
1801)*
Tylosurus
18.59 10.77 5.54 N.D* Iragi coastal crocodilus Fish, F10 10
water (Peron and
Lesueur,1821)*
N.D* 5.66 3.24 N.D* Shat Al-arab/ gﬁ;ﬁ”?ﬂiﬁgﬁf Fi1 | 11
Qurmat Ali ’ '
1758)*
Acanthopagrus
3.12 27.45 9.0 N.D* Umm Qasr Port arabicus Fi.sh, F12 12
(Iwatsuki,
1013)*
1.1
57.45 14.0 N.D* Shat Al-arab/ Kladophora B13 13
Qurmat Ali crushate*
Lymena
(Radix)
N.D* 45 0.45 N.D* Shat Al-arab/ anricularia B14 14
Qurmat Ali Snails
(Linnaeus,
1758)*

Note: N.D * means that the concentration in the sample is less than the sensitivity of the system, * each name of

an animal or plant is followed by the name of the scientist that discover it.

As(Bo/le)

Specific Concentration &, (Bg/Kg) *¥7Cs

52 53 54 535 S F7 FB P9

Symbo

F10 F1l F12 B13 B1l4

Figure (3): Comparison of the specific concentration of *¥'Cs in the study region samples
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The current results show that the highest
concentration of Cesium *¥'Cs was found in
soil and sediments samples. This may be
due to the raining during the Chernobyl
accident. Where, the water and sediments
of the study region are less mixed with the
open marine waters due to the weak mixing
and circulation in this region. The
concentration of the mentioned isotopes in
the above samples is increasing. On the
other hand, the deposition of cesium 137 on
the surface of the soil is affected by weather
conditions and the nature of the study

Abather Jabbar  Ali Bassa

region as well as the degree of correlation
of these radionuclides with the soil
compounds over time [1]. Many studies
have showed that levels of radionuclides
vary from place to place depending on the
prevailing wind speed, the size of
radionuclide-bearing particles and climatic
conditions.  Therefore, the levels of
anthropogenic radionuclides caused by
raining, Cesium 137, should be determined
in order to identify the radiation dose of the
general population.

[Eny
()]

Specific Concentration A, (Bq/Kg) 2>*Ra

= e
N

As (Ba/kg)

o N B OO

S1 S2 S3 S4 S5

S6

F7
Symbol

F8 F9 F10 F11 F12 B13 Bil4

Figure (4): Comparison of the specific concentration of ***Ra in the study region samples.

~
o

Specific Concentration A, (Bq/Kg) ??°Ra

As (Bq/kg)
= N w Ey (9] [e))]
o o o o o o

o

S1 S2 S3 S4 S5

S6

F7

Symbol

F8 F9 F10 F11 F12 B13 B14

Figure (5): Comparison of the specific concentration of “°Ra in the study region samples.
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Specific Concentration A, (Bq/Kg) 2*®Ra

As (Bq/kg)
o N

o N b O

S1 S2 S3 S4 S5

S6

F7
Symbol

F8 F9 F10 F11 F12 B13 Bl4

Figure (6): Comparison of the specific concentration of *®Ra in the study region samples.

Where, the soil holds more than 90% of the
cesium 137 caused by raining in the surface
layer (0-20 cm) [1]. However, the
percentage of these concentrations in terms
of health is within the permissible limits in
comparison with [4, 12].

The results of radium isotops ***Ra, “*Ra
and *®Ra show that the highest
concentration was in soil and sediment
samples, as well as in Acanthopagrus

7. Conclusions and recommendations

The results of the current research showed
that there is a clear impact of the Chernobyl
explosion, Fokushima accident and that the
measured rates in the study region are
among the world's allowable rates
according to concentrations of cesium 137
isotopes. However, there is a clear impact
of the oil industries on Shat Al-arab
environment and the port of Umm Qasr and
Iragi coastal waters in the region of the
outer bar as indicated by concentrations of
radium isotopes, which we conducted in the
soil and sediments, fish and plants of the
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