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Abstract

A measurement of technologically enhanced natural occurring radioactivity materials 
(TENORM) in sand samples in the petroleum-producing communities of Ma'rib Province 
Yemen was carried out. The HPGe detector was utilized to perform the measurements. The 
samples were collected from 35 sites. All samples were placed in a properly cleaned container 
and sealed for 28 days to attain a state of secular radioactive equilibrium before analysis. The 
radioactivity concentrations for nuclides 40K, 232Th, 226Ra, and 238U ranged between 430.716 - 
654.666, 4.347 - 43.935, 4.824 - 27.936, and 1.083 - 15.437 Bq kg-1 respectively, with averages 
560.583, 20.676, 14.556 and 9.072 Bq kg-1 respectively. The results did not show any radiation 
risks.

Keywords: Desert sand; dose rate; gamma-ray spectrometry; Ma'rib – Yemen; natural 
radioactivity; oil and gas industry; TENORM.

1. Introduction

The natural sources of radioactive 
contamination are the remaining naturally 
occurring radioactive materials (NORM) 
in the Earth's crust rocks, such as those 
resulting from the dissolution of the element 
uranium and thorium, those caused by solar 
radiation, cosmic rays, and those caused by 
water and food. These radioactive elements 
may be enhanced by technological and 
human activities (Ali et al., 2019; Alrefae 
& Nageswaran, 2017; Alrefae et al., 2018a; 
Demir et al., 2018). These materials are often 
reinforced through technological industries 
and various human activities. In these cases, 
they are called technologically enhanced 
naturally occurring radioactive materials

 (TENORM). (Ali et al., 2020; Ali et al., 2019). 
Radioactive contamination is defined as the 
increasing amount of natural radiation following 
human use of natural and artificial radioactive 
materials. The discovery of atomic energy was 
accompanied by various radioactive materials 
left by nuclear experiments and reactors on 
Earth.
     In recent years, the spread of these 
radioactive materials in the atmosphere has 
increased significantly. It has become a risk to 
public health, especially with the invention of 
the atomic bomb (Hassan et al., 2019; Ali et al., 
2020; Alrefae, 2012). Although the radiation 
sources are multiple and diverse, most of the 
radiation is first transmitted through the
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atmosphere and then later passed through 
a series of other transitions, so radioactive 
contamination is considered a form of 
atmospheric pollution. While the pollution 
of the environment by toxic gases, solid 
and liquid waste, micro-organisms, etc., has 
become commonplace, where its causes are 
due to long periods (Attallah et al., 2018; Hilal 
et al., 2018; Alrefae et al., 2018b). Humanity 
has entered a new stage of immediate danger, 
threatened with annihilation after discovering 
radioactivity of uranium, radium, and other 
radioactive elements, which is one of the 
most severe environmental pollutants. The 
impacts of these pollutants have increased 
since the second half of the twentieth 
century because of scientific, technical, and 
industrial development in those nuclear and 
radiological energies, which become widely 
used in many fields (Fares, 2017; Argyrios et 
al., 2014). For example, many countries use 
nuclear power to generate electricity, and the 
total electricity generated by nuclear reactors 
recently reached about 15% of the electricity 
consumed globally (Argyrios et al., 2014). 
The present century is considered the century 
of the atom and radiation because it contains 
a significant degree of human exposure to 
radiation in medicine, industry, and others. 
Radioactive contamination, or so-called 
nuclear contamination, is one of the most 
dangerous types of environmental pollution. 
For example, if the sources of air pollution 
are stopped, within a few days, the air is 
back to normal. Sea and ocean waters can 
also dispose of their organic and inorganic 
pollutants a few years after their sources 
have disappeared (Argyrios et al., 2014). 
Radioactive contamination has several 
sources, which can be initially divided into 
two main parts: natural sources, which are 
represented in the residual elements in the 
rocks of the crust, such as those caused by 
the disintegration of the elements of uranium 
and thorium or those caused by solar radiation 
or cosmic rays or those caused by water 
and food. Industrial (Human) sources, 
where there are many industrial sources of 
radioactive contamination between

nuclear power plants, nuclear research 
reactors, nuclear explosions, weapons, and 
factories that use ionizing radiation in their 
various activities. In addition, radioactivity 
resulting from the extraction of fossil fuels 
and minerals, also radioactivity caused 
by electrical appliances and uses medical 
and others (Majeed et al., 2014; Okeyode 
& Oluseye, 2010; AlKhayat & AlMaliki, 
2020). The oil and gas industry is one of the 
industries that contain radioactive materials. 
Therefore, radioactivity from the oil and 
gas industry has been studied in many 
regions around the world. This study aims 
to investigate the possibility of radioactive 
contamination of the oil and gas industry 
on TENORM, i.e., 40K, 232Th, 226Ra, 238U 
in Ma’rib province by conducting a direct 
analysis of the sand samples taken.

2. Materials and methods

2.1 Study Area

Province of Ma’rib in central of Yemen in 
the northeastern part of the capital Sana’a, 
located between latitude (15°23’40.73”, 16° 
7’29.55”N) and longitude (45°10’32.28”, 
44°46’33.83”E) at an altitude of 944 
metersabove sea level.  

Fig. 1. Map of the study area.
     There are less rainfall and crops with some 
minerals in its territory in the desert area, 
and the most important of which are granite, 
rock salt, gypsum, marble, and talc. The 
province of Ma’rib is the first of the Yemeni 
governorates where oil was discovered 
and began production in 1986. Most of the 
production and processing facilities of oil 
and gas are located in Ma’rib Province. (Our 
Yemen website management, 2015; National 
Information Center, 2006).
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Table 1. Location coordinates values.
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2.2. Collection and preparation samples

Samples of sand were collected from thirty-
five sites in the Ma’rib desert, where a sand 
sample was taken from each site, as shown 
in Figure 1 and Table 1. Twenty-one samples 
were collected from in and around the fields 
and facilities of the oil and gas industry. 
These samples were labeled as type SO. For 
comparison, fourteen other samples were 
taken as controls from societies (sites) with 
no history of oil exploitation. These samples 
were labeled as type SN but with geographic 
and geological characteristics similar to oil 
and gas societies. The samples were collected 
during 2018. The samples were collected in 
a manner consistent with the achievement 
of the study objectives. Sand samples were 
taken directly from natural exposures from 
surface pits at a depth of 20-50 cm from 
the outer surface. All parts greater than 2 
mm in diameter were excluded, and the 
initial sample weight ranged from 1-2 kg, 
then dried, ground, and sieved. All samples 
were placed in clean plastic containers. 
Radioisotopes for sand samples were 
determined by taking a volume of 65mL 
from each sample, weighing and placing 
them in the geometry of solid samples (Petri 
Dish). The Petri dishes were sealed tightly. 
All samples were ready to be measured and 
left in the laboratory for one month to ensure 
the secular equilibrium of radium isotopes 
and their short-lived decay products. 

2. 3 Gamma-ray spectroscopy system 

The measurements were made by gamma-
ray spectroscopy (Canberra) high-purity 
germanium detector (HPGe). All samples 
were counted for 20 hrs to decrease the 
statistical uncertainty. The background 
radiation spectrum was used to determine the 
minimum detectable activity.  The detector 
has a relative efficiency of 35%, a resolution 
of 1.85 keV, for 1332 keV gamma energy of 
60Co.  The detector is surrounded by a shield 
made of 10 cm thickness leads to reduce the 
background radiation level of the 

 system, as well as padded from the inside 
with copper plates of 1 mm thickness to 
reduce the X-ray emitted by the interaction 
of cosmic radiation with the lead. The “Genie 
2000 Gamma Analysis Software package” 
was used to analyze the spectral data. The 
detector’s output is connected to the PC.  The 
detector was calibrated using a standard sample 
containing several radioactive nuclides 214Am, 
60Co, 88Y, 137Cs, 85Sr, 203Hg, 113Sn, 139Ce, 57Co, 
and 109Cd. The absolute efficiency is obtained 
from using the efficiency curve for the standard 
source through equation 1 (Özmen et al., 2014; 
Ehsanpour et al., 2014):

Where Eff (E) is the efficiency value, a, b, c, d, e, 
and f are the optimal parameters determined by 
the synthesis algorithm. The efficiency values 
used to calculate the radioactivity concentration 
of TENORM.

2. 4 Measurement of TENORM

The background intensity was obtained in the 
same conditions before and after measuring the 
samples for 64,800 seconds, using an empty 
Petri cup. The samples were measured at a 
record time of 64,800 seconds. After that, the 
background count mean was subtracted from 
the spectrum of the sample. The radioactivity 
concentrations of 40K were calculated directly 
by its gamma spectra, as shown in Table 2.  
Radioactivity concentrations of 232Th, 226Ra, 
and 238U were determined from their daughters’ 
products. So to determine the radioactivity 
concentration of the 232Th nuclide, daughter 
nuclide 228Ac was used, while 214Pb and 214Bi 
nuclides were chosen for the 226Ra, whereas 
daughter 234Th was used for the 238U nuclide as 
shown in Table 2 (Fares, 2017; Özmen et al., 
2014; Lavi et al., 2004; Jallad, 2013). They 
were also calculated using the well-known 
equation 2 (Majeed et al., 2014; Okeyode & 
Oluseye, 2010; Alrefae et al., 2018b):
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Table 2. The gamma-ray and its radioisotopes used to calculate the radioactivity concentrations 
of TENORM in sand samples.

Where   is the radioactivity concentrations,   
is the net area under photo-peak,   is the 
detector’s efficiency,   is the transition 
probability of the emitted gamma-ray,   is 
the sample weight (in kg),   is the time for 
spectrum collected (in a sec). The TENORM 
40K, 232Th, 226Ra, and 238U concentrations 
were calculated and summarized in Table 3. 

2. 5 Statistics

The IBM SPSS-25 computer program was 
used to perform all the statistical assessments. 
Because the data set was non-parametric, 
the iterative distribution of the data sets was 
tested against the normal or logarithmic 
normal distribution by the Kolmogorov-
Smirnov test (K-S) at the significance level 
(p > 0.05). Statistical significance differences 
were calculated between samples taken from 
oil and non-oil societies using the Mann-
Whitney test (M-W) at the significance 
level (p > 0.05). The average with the 
standard error, variance, standard deviation, 
minimum, maximum, range, skewness 
(degree of symmetry degradation), and 
kurtosis factor (peak degree) parameters was 
counted. The statistical data are summarized 
in Table 5.

2. 6 Radiographic maps 

Radiographic maps were created graphically 
using Google Earth, TCX 2.5 Converter, 
Server 9, and Excel software systems. The 
coordinates were read from GPS. The digital 

height model for the study area was created 
by digitizing contour lines from standard 
topographic maps. Radiological maps were 
made for TENORM, i.e., 40K, 232Th, 226Ra, 
238U, as in Figures 2, 3, 4, and 5.

3. Results and Discussion

Table 3 shows the TENORM concentrations 
in the sand at a depth of 20-50 cm using 
equation 2 and compared with the permitted 
global averages (UNSCEAR, 2000).
     The range of radioactivity for 40K was 
between 430.72 - 654.67 Bq kg-1, and the 
average was 560.58 Bq kg-1. This is due to 
the cosmic rays as all samples were taken 
from Earth’s surface (Bou-Rabee, 1997; 
Pillay et al., 2010). 40K contamination can 
arise from the continuous depletion of the 
Earth’s crust containing natural radioactive 
material (Bou-Rabee, 1997; Baggoura et al., 
1998).  The activity concentrations of 232Th 
ranged between 4.35 - 43.94 Bq kg-1, with an 
average of 20.68 Bq kg1. All radioactivity 
concentrations were less than the global 
average. The 232Th generates the 228Ra, which 
in turn gives the 228Ac. Actinium is in a state 
of secular equilibrium with the parent. It is 
known that its presence at elevated levels in 
the environment poses a long-term health 
risk due to the toxicity of known radioactive 
materials. This radioisotope is also used as 
an indicator of high presence corresponding 
to 228Ra. (Sparks, 2003; Manahan, 2017; 
Harrison, 1992; Fifield and Haines, 2000). 
The activity concentrations of 226Ra and 238U
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Table 3. TENORM 40K, 232Th, 226Ra and 238U Concentrations in Bq kg-1 of sand samples from  
35 desert spots in the Ma'rib region of Yemen.

materials and radioactive degradation 
from minerals because  the oil is pumped 
from thousands of feetunderground. The 
TENORM concentrations of sand samples 
were compared with results obtained by 
other researchers in different areas of oil and

ranged between 4.82 - 27.94 and 1.08 
-5.44 Bq kg-1, respectively, with averages 
of 14.56 and 9.07 Bq kg-1, respectively. All 
radioactivity concentrations were lower than 
the world averages. The source of radium 
stems from the potential adsorption of rock
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gas societies around the world, as shown in 
Table 4. From Table 4, the minimum and 
maximum values of 40K concentrations in this 
work are higher than those of Egypt, Turkey, 
Saudi Arabia, Sudan, Sri Lanka, and Kuwait 
and are lower than that of China.  As for 
the minimum value of 232Th concentrations, 
while this study is higher than those of 
Turkey, Sri Lanka, Norway, and Kuwait, it 
is lower than those of Egypt, Saudi Arabia, 
China, and Sudan. Also, the maximum 
value of 232Th concentrations is higher than 
those of Egypt, Turkey, Saudi Arabia, Sri 
Lanka, Norway, and Kuwait, lower than 
those of China and Sudan. For the 226Ra 
concentrations, the minimum level in the 
current study is higher than those of Egypt, 
Turkey, Sri Lanka, Norway, and Kuwait. It is 
lower than those of Saudi Arabia, China, and 
Sudan. The maximum limit of 226Ra is higher 
than those of Egypt, Turkey, Sri Lanka, and 
Norway. It is less than those of Saudi Arabia, 
China, Sudan, and Kuwait. 

     Table 5 shows the results of the statistical 
analysis of the data of samples of oil 
and non-oil societies. The results of the 
Mann-Whitney test indicate that there are 
no statistically significant differences at 
the significance level (p > 0.05) between 
the samples of oil and non-oil societies 
about the TENORM 40K, 232Th, and 238U 
concentrations. As for 262Ra concentrations, 
the Mann- Whitney test results indicate that 
there are statistically significant differences 
at the significance level (p > 0.05) between 
samples of oil and non-oil societies in 
favor of samples taken from oil societies. 
Examining Figures 2, 3, 4, and 5 showed that 
concentrations of the TENORM, i.e., 40K, 
232Th, and 238U, vary from region to region. 
However, it is also noted that the distribution 
of radiations varies from region to region. 
The highest values are in the southeastern 
sites, and in these areas, most of the oil and 
gas production facilities are located, as well 
as the petroleum waste dump.  

Table 4. Comparison of TENORM 40K, 232Th, and 226Ra concentrations of sand samples with 
different areas of oil and gas societies around the world.
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Table 5. Descriptive statistics for sand samples.

Fig. 2. Distribution Map of 40K (Bq Kg-1) in Sand Samples of Studied Area

Fig. 3. Distribution Map of 232Th (Bq Kg-1) in Sand Samples of Studied Area
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     These values decrease in the central, 
northern, and western locations. This may 
be attributed to the leakage of radionuclides 
resulting from the oil and gas industry and 
may be attributed to the geological structure 
of the area (Hassan et al., 2019; Yasmin 
et al., 2018; Karunakara et al., 2014). In 
general, there are no radiological hazards 
to the population or the environment. 
Nevertheless, the accumulation of these 
wastes over time may lead to future

radiological problems. This study 
recommends that continuous monitoring 
and using safe and time may lead to 
future radiological problems. This study 
recommends continuous monitoring 
and using safe and modern methods and 
technologies to dispose of petroleum waste. 
This study provides basic information for 
assessing the potential effects of radiation 
doses and can be used as a baseline for future 
investigations.

Fig. 4. Distribution Map of 226Ra (Bq Kg-1) in Sand Samples of Studied Are

Fig. 5. Distribution Map of 238U (Bq Kg-1) in Sand Samples of Studied Area
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4. Conclusion
 
Such studies should be carried out for 
environmental monitoring of desert sands, 
especially those that are close to oil and gas 
industry facilities. In this work,35 desert 
sand samples were measured and analyzed 
for radioactivity due to 40K, 232Th, 226Ra, and 
238U isotopes, where the concentrations of 
all radionuclides were less than the global 
average. The results did not show any 
radiological hazards currently to health or 
the environment. Contour maps indicate 
that the distribution of radioactivity varies 
from one region to another depending on 
the oil and gas industry facilities, where 
the accumulation of oil and gas waste for a 
long time may lead to possible radiological 
hazards in the future. Therefore, modern and 
safe methods should be used to dispose of 
petroleum waste. 
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