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DOL: . . Aim: To achieve the objective of current study by determining the level of
10.36320/ajb/v16.i1.15200 | radioactivity of U-238, Th-232, and K-40 in groundwater, gamma-ray
spectroscopy and radioactivity level analysis was used. Methods: Ten samples of
groundwater in the Safwan region were tested. The results showed that the
concentrations of radionuclides for U-238, Th-232, and K-40 ranged from 0.021—
1.855 Bq/L, 0.047-1.736Bg/L, and 4.822-32.439 Bq/L, respectively. The resulted
data is seen to be within the limits allowed by UNSCEAR, except for two samples,
the reason is due to the geological nature of the aquifer. In addition to that,
radiation hazard indicators were calculated, including the activity of radium
(Raeq), which ranges from 0.926-4.481 Bg/L which is less than the recommended
370 Bg/L by UNSCAR. The average dose absorbed in the air (D,nGy/h) ranges
between 0.485-2.238nGy/h and it was within the permissible limits. The external
hazard index (H,,) was between 0.0025-0.01209, the internal hazard index (H;;)
was between 0.00255-0.01695, and the gamma (I, )index was between 0.00777—
0.03453. Also, results show that the radiation hazard indicators were lower than
the ones recommended by UNSCEAR. Conclusion: Based on this study's results on
the radioactivity level, groundwater is safe to use.
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1.Introduction

Radioactivity is the process of the spontaneous decay of
nuclear atoms, leading to the release of energy and
atomic particles. This radioactive decay involves the
transformation of the original radioactive isotopes into
stable isotopes, either directly or by decay chains that
include unstable nucleons of smaller sizes.
Radioisotopes are types of atoms that do not have
enough nuclear binding energy to carry many protons or
neutrons without losing their stability. Although there
are many naturally occurring isotopes in the
environment, more extremely unstable isotopes are also

being produced in laboratories.[1]. In this regard, the
natural radiation comes from two sources, cosmic
radiation, and decay of radionuclides. The original
radionuclides are formed naturally in the Earth's crust
and include the decay chain of radionuclides and
radionuclides produced through cosmic radiation
reactions[2]. An estimated 85% of global radiation doses
come from natural sources, and this is leading to
growing concern about radiation exposure in the
environment and its impact on human health and the
ecosystem[3]. One of the primary sources of
radioactivity is the decay of natural radionuclides
(NORM) such as Th-232 and U-238 in the Earth's crust.

[120]



Sadig and Ramadhan , Journal Name 014, VVolume Number: Page Numbers

DOI: 10.36320/ajb/v16.i1.15200

The radioactivity in groundwater may reach a particular
threshold. Because of its interaction with rocks and soil,
it can be detected. Some species are found in dissolved
form as ionic species, and the most prevalent elements in
groundwater are U, Po, Ra, and Th[4]. The groundwater
and the level of natural pollution are affected by the
geographical status and composition of the rocks of the
aquifer as well as the human factor, such as agricultural,
industrial, and mining activities[5]. K-40 is one of the
only isotopes of potassium, which is found in water
bodies because of the interaction of water with soil and
rocks. Th-232 is considered one of the elements that do
not dissolve significantly in water, and the reason is its
presence in elements that are difficult to dissolve.
Regarding U-238, in lakes, rivers, and groundwater, it
generally varies between 0.1 and 10 micrograms[6]. The
concentration of these minerals rises together with the
growth of industrial activity. These materials are
scattered because of industrial processes or human
activity. Materials with high amounts of natural
radioactivity that can be transferred and reused include
industrial deposits, drilling mud, and layers that stick to
the tubes[7]. Water is a necessary component of both the
environment and life. There must be no pollution in the
water. All plant and animal life depends on water, and
there are two main natural sources: surface water from
freshwater lakes, rivers, and streams, and groundwater
from wells and boreholes. The human body is exposed to
this kind of radiation through food, drink, or
inhalation[8]. The natural processes in the human body
can fix radiation-induced damage to DNA at low
exposure levels. Elevated exposure, however, inhibits
these repair systems and is harmful to human health,
increasing the risk of developing various cancers[9]. One
of the top three causes of mortality in underdeveloped
nations and the second most common cause of death
worldwide is cancer. It is a global health concern[10].
Thus, identifying radioactive contaminants and keeping
a close eye on the amount of radioactivity in
groundwater is crucial to preventing possible radiation
exposure among the general public[4]. This research
seeks to ascertain the extent of radioactive pollution in
groundwater as well as the dangers connected to
radionuclide concentrations of Th-232, U-238, and K-40.
Samples were gathered in the governorate of western
Basra from different places. Evaluating natural
radioactivity, its effect on human health, and the extent
of radiation exposure are the main objectives of the
study.

2. Methodology:

Study area and samples preparation
In the western and southwestern parts of Irag, the study
area includes the city of Safwan and the area around

Mount Sanam and is located between latitude and
longitude lines 30 and 47. The study site was chosen to
be the western section of the city of Basra, which is in
the southernmost region of Iraq and along the Kuwaiti
border. Groundwater is considered an indispensable
resource for agricultural irrigation and drinking water
due to its position and the scarcity of surface water.
Because groundwater is used more frequently, it is
critical to assess the radioactivity level in these areas and
identify any negative effects.

Ten samples were taken from several locations in
the western city of Basra, including the vicinity of
Mount Sanam and the city of Safwan in August 2023.
The samples were collected using 1-liter plastic
containers from different areas as seen in Fig (1). They
were washed with diluted hydrochloric acid before use
for them to preserve the water samples. Radionuclide
absorption on the container walls is reduced thanks to
the acid. The location of each sample was determined
using GPS, and Table (1) contains the samples
information and the depth of each sample. The samples
were transferred to Marinelli containers after being
washed with hydrochloric acid and rinsed to prevent the
loss of nuclides on the container wall[11]. 0.5 liter of
each sample was used and sealed for at least 45 days to
achieve radionuclide equilibrium.
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Figure (1): Map of study area
Table (1): contains the latitude and longitude, the
code of each sample and the depth of each sample.
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Sample Geographical location Depth
HKO01 30.144936, 47.727429 18
HKO02 30.116506, 47.695858 20
HKO03 30.123772, 47.693287 30
HKO04 30.118620, 47.705565 25
HKO05 30.118781, 47.682280 20
HKO06 30.119272, 47.655021 20
HKO07 30.127409, 47.638793 20
HKO08 30.150944, 47.629107 23
HKO09 30.130382, 47.685800 20
HKO010 30.089373, 47.798581 24

The level of radionuclides was measured using a sodium
iodide crystal detector (Nal) (3*3) doped with thallium,
coupled with a multi-channel analyzer containing 4096
channels and software my (MCA) computer. The energy
was calibrated through standard sources to ascertain the
energies. Two elements were used namely, the Cs-137
with energy (661.32) KeV, and the Co-60 with energy
(1173.2 and 1332) KeV, respectively, in the Marinelli
container, and the gamma spectrum was compiled for the
same time (3600s) to obtain the energy for each source.
The efficiency of the detector was calibrated using the
two standard sources, Cs-137 with energy (661.32) KeV,
and Co-60 with energy (1173.2, 1332.5) KeV,
respectively. The calculation of the activity level and
presence of U-238 and Th-232 in all samples was
derived by the arithmetical average of activities taken
from the peaks. of their daughters in the water
spectrum. U-238 is derived from Bi-214 (609.32 KeV).
Th-232 is derived from Pb-212, Ac-228 with energies of
(238.63, 968.97) KeV, respectively. The activity values
of K-40 in all samples were determined from the single
peak of potassium at 1460.82 KeV.

The concentrations of U-238, Th-232, and K-40 activity
were calculated in groundwater samples in Bg/L units
using the relation [12].

A= N-B.G (1)
EXEXI, XV
A: - The radioactive content of groundwater expressed in

Bg/L units.

N: - The net total area under the slope of the radioactive
element.

B.G: - A net area without sample presence.

&: - The efficiency of the detector.

L, : - Relative intensity.

t: - Time of creation of the spectrum. ().

V: - Sample volume (L)

For assessing the potential danger of radioactivity in
groundwater, risk indicators were computed.

Represents the concentrations of radioactivity of
radionuclides U-238, Th-232, and K-40, which are

calculated according to the following relation;

Ra,, (BTq) = Ay + 14347, + 00774, (2)
Values that are higher than 370 Bg/L represent a danger
to human health[13].

The absorbed dose of air is defined as the amount of
energy absorbed by a person. The absorbed gamma dose
depends on the radioactivity of the radionuclide and is

calculated according to the following relationD,, (“TGY)
[14]:

D, (%) = 04624, + 0.6044,, + 0.04174,  (3)

Radiation hazard indicators are defined as the external
hazard index (Hey) and the internal hazard index (H;,),
and each value represents the amount of internal and
external exposure to radioactive elements. The value
should be less than one[15]. equations (4) and (5).

Ay Am | A

H, = “Th K 4

X 7370 ' 259 ' 4810 (4)
Ay Am | A

in = 1g5 T 259 T 2810 ®)

Equation (6) is used in calculating the gamma hazard
index associated with the level of radioactive
radionuclides in groundwater samples[16].
AU ATh AK
P (6)

I =2
¥ =150 T 100 © 1500

3.Result and Discussions

Natural radio element concentrations in the ten samples
collected throughout the research region are displayed in
Table (2). The quantities of the K-40 non-decay series
and the natural decay chains of U-238 and Th-232 were
measured for these samples using a Nal (TI) detector in a
laboratory setting. Figure 3 displays a plot of these
results, which show a range of 0.021 to 1.855 Bg/L an
average value of 0.6945 Bg/L, for U-238, 0.047 to 1.736
Bg/L with an average value of 0.4798 Bg/L, for Th-232,
4.822 to 32.439 Bq/L, average value of 19.49908 Bqg/L
for K-40 respectively. The concentrations that arise from
this activity differ between groundwater samples. The
significant changes in the rare earth elements, chemical,
and mineral properties of the groundwater that occur in
various host rocks may be the cause of these differences
in their concentrations [17]. The values for U-238 are
highest in HKO1 sample and lowest in HK06 sample, it
was found that most of the values were within the limits
of the general average (1 Bg/L) WHO [18]. Thorium-
232 was found to have higher value in HK03 sample
lowest in HK09 sample, all values were within the limits
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Radioactivity(Bg/L)

recommended by the WHO (1 Bg/L). Finally, with
regards to radionuclides, K-40 has been shown to have a
larger value than other radionuclides in all the sample
sites, sample site HK02 had the lowest value of K-40,
while site HKO09 had the greatest value. This elevated
worth Notwithstanding the fact that K-40 dissolves in
water, it has no effect on the body. As a result, regardless
of its intake, it stays steady at that level [19]. It was
found that most of the values were within the limits of
the general average (10 Bg/L)[20]. The concentrations of
U-238, Th-232, and K-40 vary from sample to sample,
as Figure (2) illustrates. Table (3) Comparing the
concentration of radioactive elements with those from
other studies.
Table (2): Radioactivity Bg/L for

radionuclides U-238, Th-232, and K-40

K-40(Bg/L) Th- U-238(Bg/L) Sample
232(Ba/L)
7.239 0.215 1.855 HKO01
4.822 0.232 0.491 HKO02
25.127 1.736 0.064 HKO03
12.871 0.261 0.637 HKO04
13.28 0.596 1.059 HKO05
10.198 0.084 0.021 HKO06
31.384 0.137 0.302 HKO07
29.633 0.195 0.043 HKO08
32.439 0.047 1.855 HKO09
29.735 0.472 0.131 HKO010
32.439 1.736 1.855 Max
4.822 0.047 0.021 Min
19.4990+10.341 | 0.4798+0.454 | 0.6945+0.678 Average
10 Bg/L 1Bg/L 1Bg/L Limits
WHO
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Figure (2): Concentration of radioactivity for U-238,
Th-232, and K-40 in groundwater samples

Table (3): Comparing the concentration of
radioactive elements with those from other studies.

Country | U-238 Th-232(Bq/L) | K-40(Bq/L) Refere
(Bq/L) nces
Nigeria 1.85-20.27 14.58- 60.27 123.32-603.8 | [13]
EGYPT | 0.97-1.60 021-1.1 9.70-23.0 [21]
Namibia | 214.28— 0.13-0.98 0.001 —0.004 [15]
259.36
Nigeria 1.01-8.21 0.97-14.81 4.44-147.33 [17]
Iraq 0.46-2.29 0.44-1.85 7.24-38.49 [11]
Iraq 0.69-1.57 0.88-1.36 25.1-36.89 [22]

Table (4) shows the levels of risk indicators,
where the activity values of radium (Ra.q Bq/
L) range between (0.926) Bg/L in the sample
(HK06) and (4.481) Bg/L in the sample
(HKO03) at a mean of (2.76025) Bqg/L. It is less
than the permissible global limit (370 Bg/L),
according to the World (WHO)[21], see Figure
(3). While the concentration of the absorbed
dose of air (D,) was between (0.485) nGy/h in
the sample (HKO06) and (2.238) nGy/h in the
sample (HKQ09), at a mean of (1.3583) nGy/h
and all values were within the permissible
limits, and less than 55 nGy/h, according to the
World (WHO)[21], see Figure (4). In addition,
the external hazard index (H.,) was calculated
to be ranged between (0.0025) in the sample
(HKO06) and (0.01209) in the sample (HKO03) at
a mean of (0.007354). Internal hazard index
(H;, ) is between (0.00255) in the sample
(HKO06) and (0.01695) in the sample (HKQ9)
and at a mean of (0.009218). All values were
within the permissible limits and less than one,
according to the World (WHO), see Figure (5).
The gamma hazard index (I, ) was also
calculated a seen to be between (0.00777) in
the sample (HKO06) and (0.03453) in the sample
(HKO03) at a mean of (0.02135). The results
show that the risk index for cancer is below the
permissible limits and less than one (see Figure
6).
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Table (4): the indications of radiation hazard value

Sample Bq nGy H,, Hy, I

¢ | Ra (D | D, v
HKO1 2.719 1.288 0.00734 | 0.01236 | 0.01934
HK02 1.194 0.568 0.00322 | 0.00455 | 0.0088
HK03 4481 2.125 001209 | 0.01227 | 0.03453
HKO04 2.001 0.988 00054 | 0.00712 | 0.01543
HKO05 2.933 1.403 0.00792 | 0.01078 | 0.02187
HK06 0.926 0.485 00025 | 0.00255 | 0.00777
HKO7 2.914 1530 0.00786 | 0.00868 | 0.0243
HK08 2.603 1373 0.00702 | 0.00714 | 0.02199
HK09 4420 2.238 001193 | 0.01695 | 0.03446
HKO10 3.095 1585 0.00838 | 0.008712 | 0.02541
Max 4481 2.238 001209 | 0.01695 | 0.03453
Min 0.926 0.485 00025 | 0.00255 | 0.00777
Average | 2.7244 13583 | 0.007354 | 0.009218 | 0.02135
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Figure (3): Equivalent values of radium activity in
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Figure (6): Gamma radiation danger index levels in

groundwater

4.Conclusions
The level of radioactivity in groundwater was measured

for

U-238, Th-232, and K-40 using gamma-ray

spectroscopy in 10 samples. The results showed that the

[124]



Sadig and Ramadhan , Journal Name 014, VVolume Number: Page Numbers

DOI: 10.36320/ajb/v16.i1.15200

values of U-238 and Th-232 are within the limits of the
general average (1 Bg/L) according to the (WHO),
except for the sample (WHO8), due to the geology of the
area. The mean K-40 values indicate they are within the
10 Bg/L overall mean of the (WHO). In addition, it
indicates that the values of radium equivalent activity
(Ragq) are below the recommended limits (370 Bg/L) of
the (WHO). Also, the rate of absorbed dose from the air
(Dy nGy/h) is within the permissible limits and less than
55 nGy/h. The results of the calculation of the internal
hazard index (H;,) and the external hazard index (Hey)
and the values of the gamma level index (I,) in those
areas for groundwater are less than one and do not pose a
danger to the population. We conclude from the obtained
values that it is safe for humans.
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