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Comparative Study Between Virgin and Agriculture Soil Radon Activity
Concentration and Their Radiological Risks

Abstract

The present study is to compare the radon activity concentration in agricultural and virgin soils from
various locations along the Little Zab River (LZR) in the Iraqi Kurdistan region. We conducted 24
measurements of soil samples using long tube techniques equipped with an electric radon detector
called RAD7 in our research. The findings revealed that the radon activity concentrations ranged from
37.3+7.52 Bg m-3 t0 298.25 + 50.09 Bqg m-3 in virgin soil, and from 33.03 + 10.85 Bqg m-3 t0 320.25 +
34.62 Bq.m-3 in agriculture soil. The annual effective dose was also calculated to be from 0.94 + 0.19
mSv.y-1 to 8.08 + 0.87 mSv.y-1 for virgin soil, and from 0.83 + 0.27 mSv.y-1 to 8.08 + 0.87 mSv.y-1 for
agriculture soil in the Iraqi Kurdistan Region. The field dose rates were measured using the RIIDEye
Handheld Radiation Isotope Identifier and found to be within the range 56.8 nSv h-1 to 80.6 nSv h-1. It was
observed that Agricultural soil has the highest radiation dose for humans compared to virgin soil.
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ORIGINAL ARTICLE
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Abstract

This study aims to compare the levels of radon gas in agricultural and virgin soils from various locations along the
Little Zab River (LZR) in the Kurdistan region - Iraq. We conducted 24 measurements of soil samples using long tube
techniques equipped with an electric radon detector called RAD?7 in our research. The findings revealed that the radon
activity concentrations ranged from 37.3 + 7.52 Bq m 2 to 298.25 + 50.09 Bq m 2 in virgin soil, and from 33.03 + 10.85 Bq
m~> to 320.25 + 34.62 Bq.m > in agriculture soil. The annual effective dose was also calculated to be from
0.94 + 0.19 mSv y ™' to 7.52 + 1.26 mSv y ™' for virgin soil, and from 0.83 + 0.27 mSv y~* to 8.08 + 0.87 mSv y~ " for
agriculture soil in the Iraqi Kurdistan Region. The field dose rates were measured using the RIIDEye Handheld Ra-
diation Isotope Identifier and found to be within the range 56.8 nSv h™ to 80.6 nSv h™". It was observed that Agricultural

soil has the highest radiation dose for humans compared to virgin soil.

Keywords: Radon, RAD7, Agriculture soil, Virgin soil, Radiological risks

1. Introduction

he primary origin of ionizing radiation,

constantly affecting humans, stems from the
Earth's crust, where uranium, thorium, and their
by-products exist in the environment [1]. Studies
conducted in the past few decades have demon-
strated that, under typical circumstances, over
70 % of the overall yearly radioactive exposure
received by individuals arises from natural sources
of ionizing radiation. Specifically, 54 % of this
exposure can be attributed to the inhalation and
ingestion of the natural radioactive gas radon
(**Rn) and its subsequent decay products [2].
Natural radioactive materials, including radon gas,
have become a major focus of the International
Atomic Energy Agency (IAEA) and are frequently
discussed in IAEA publications and reports, as

well as in directives issued by the European
Council [3].

Radon, an odourless and tasteless radioactive gas,
occurs naturally and possesses a density approxi-
mately 7.5 times greater than that of air [4]. Radon
gas and its radioactive isotopes are of particular
concern because they are the most significant source
of radiation exposure to humans [5]. Radon is a
radioactive gas that is constantly being produced in
the Earth's crust. It is created when naturally
occurring radioactive elements, such as uranium
and thorium, decay. Radon can be found in all types
of soil and rock, and it can enter homes through
cracks in the foundation or basement. Once inside a
home, radon can build up to high levels and become
a health hazard [6].

Radon is a naturally occurring gas that breaks
down quickly, with a half-life of 3.8 days. It is

Received 5 November 2023; revised 19 December 2023; accepted 22 December 2023.

Available online 21 February 2024

* Corresponding author.
E-mail address: hiwa.azeez@su.edu.krd (H.H. Azeez).

https://doi.org/10.59341/2707-7799.1802

2707-7799/© 2024, Erbil Polytechnic University. This is an open access article under the CC BY-NC-ND 4.0 Licence (https://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0000-0002-8209-1019
mailto:hiwa.azeez@su.edu.krd
https://doi.org/10.59341/2707-7799.1802
https://creativecommons.org/licenses/by-nc-nd/4.0/

30 H.H. Azeez et al. / Polytechnic Journal 14 (2024) 29—35

unique in that it remains a gas even though it is one
of the densest substances known. Radon has been
linked to lung cancer and is second only to smoking
as a cause of this disease [7]. Long-term radon
exposure through inhalation in closed rooms, cav-
erns, or open-air saturated with Radon gas accounts
for approximately 10 % of all lung cancer-related
fatalities [8]. Several studies have documented the
correlation between radon exposure and the occur-
rence of kidney and malignant melanoma cancers.
Additionally, radon can be found dissolved in un-
derground water in the soil. Studies have revealed
that the ingestion of water contaminated with radon
poses a significant risk of developing stomach and
colon-rectal cancer [9].

Radioactive nuclides in soil can build up when
they attach to soil particles and when rain falls on
the soil. They can be removed from the soil by
leaching and dilution. The behaviour of radioactive
nuclides in soil is affected by the characteristics of
the soil, the amount and rate of rainfall, and the
drainage of the soil [10].

The amount of naturally occurring radioactive
elements in soil can vary depending on where in the
world you are. One of the main sources of radioac-
tive materials in soil that are not naturally occurring
is the use of chemical fertilizers in agriculture [11].
Farmers apply chemical fertilizers to their fields to
boost crop yields [10].

Furthermore, substances used in fertilizers,
including phosphates containing uranium-238 and
thorium-232, as well as potassium used in plant
fertilization, are recognized as significant contribu-
tors to soil pollution and the potential origin of
radioactive elements [12]. This occurrence has the
potential to give rise to radiological hazards, stem-
ming from both external exposure when residing on
farms for extended periods and internal exposure
through the consumption of crops grown in soil
enriched with phosphate fertilizers. Over time, the
use of phosphate fertilizers may lead to an escala-
tion in the levels of radium and uranium within the
soil, ultimately leading to higher radiation doses.
This, in turn, could result in an associated increase
in radiation exposure and potentially lead to health
issues in the human body [13]. Its direct precursor is
#26Ra, and ***Rn undergoes alpha particle emission
in a chain of relatively short-lived decay elements,
primarily involving polonium, lead, and bismuth
isotopes. This process leads to the formation of *'°Pb
and ultimately to the stable element 206pp [14].

This research aims to evaluate the radon activity
concentration in soils taken from different spots
along the Little Zab River (LZR) in the Iraqi

Kurdistan region. This analysis employs long tube
techniques with the RAD7 semiconductor radon
detector. Additionally, it offers a comparison of the
findings between the virgin and agricultural soils.

2. Materials and Method
2.1. Description of the area

Numerous agricultural sectors are situated along
the banks of the Little Zab River (LZR), serving as
the primary origin of agricultural goods in the
Kurdistan Region - Iraq. In these regions, farmers
utilize fertilizers, potentially leading to higher levels
of radioactive substances in the soil they cultivate.
To gather soil samples for analysis, we selected 12
distinct locations along the Little Zab River (LZR)
within the Kurdistan region of Iraq. You can find the
coordinates for the sampling sites in Table 1. The
locations where samples were taken are indicated in
Fig. 1, displaying their geographical positions. These
locations consist of 12 farms and 12 virgin fields. The
study area falls within latitudes 36°13'18.0” N and
35°47'23.3" N and longitudes 45°13'58.2” and
44°10'26.3" E as shown in Fig. 1.

2.2. Sample collection and preparation

In the investigated region, a total of 24 soil sam-
ples were gathered. These samples were acquired
through a core technique, utilizing a core measuring
15 cm in diameter and reaching a depth of 20 cm
[15]. The significance of soil depth becomes partic-
ularly pronounced when there is a non-uniform
distribution of radionuclides within the different
layers of soil [16]. To mitigate the impact of this
factor, the International Union of Radioecology
(IUR) suggests using a standardized soil depth for
root placement [17]. After eliminating stones and
non-organic substances from the soil samples, the
soil specimens were subjected to a 24-hour drying
period at 110 °C in an electric oven to remove all
moisture content [18]. Following this, the soil was
crushed and passed through a 2 mm mesh sieve,
enhancing the uniformity of particle size distribu-
tion. This procedure standardized the soil's particle
sizes [15].

After drying, the powder of each soil sample was
packed in a plastic container of volume 115.5 cm®
and the sample surface area was 38.5 cm?, as shown
in Fig. 2. The samples in the long tube's lower
container are 3 cm thick, which is the optimum
thickness of the sample [19]. The mass of the sam-
ples is about 150 gm. The long-tube chamber was
made of PVC (polyvinyl choired) which is an
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Table 1. Activity concentration of Radon in virgin and agricultural soil along LZR.

31

Name Longitude Latitude Activity concentration of Radon (Bq.m™)
Virgin soil Agriculture soil

Shexawdalan 36°13'42.4'N 45°13'19.7"E 65.85 + 12.95 92 + 31.36
Sndolan 36°10'42.4'N 45°03'10.5"E 373 752 134.75 + 38.47
Braymawa 36°12'00.1"N 45°03'29.5"E 298.25 + 50.09 312.75 + 95.43
Grdastera 36°16'17.6"N 45°07'18.9"E 111.58 + 26.14 86.18 + 12.91
Zarawa 36°13'41.2"N 45°04'21.3"E 227.5 + 7.55 247.75 + 22.19
Bastasten 36°14'22.8'N 45°03'10.8"E 296.5 + 41 320.25 + 34.62
Sangasar 36°14'48.8'N 45°01'00.4"E 104 + 22.88 179 + 7.75
Daraban 36°24'07.3"N 44°45'12.4"E 237.75 + 21.78 199.5 + 22.01
Saruchawa 36°16'26.9"N 44°45'02.2"E 256.5 + 53.69 200.75 + 32.19
Khdran 36°07'56.7"N 44°47'03.0"E 115.75 + 19.65 127.58 + 38.1
Goptapa 35°50'58.8"N 44°50'10.9"E 119 + 28.35 33.03 + 10.85
Taq Taq 35°52'04.9"N 44°26'08.5"E 43.8 +5.3 59.08 + 24.79

impermeable and tight container to prevent the
escape of radon gas [20]. The sample has been kept
at ambient temperature for a minimum of one
month. During this period, the tube chamber has
attained a state of secular equilibrium between
radium, and it is decay products [21].

2.3. Radon gas measurements

The long tube techniques equipped with an elec-
tric radon detector called RAD7 were used to mea-
sure the radon gas in soil samples in our research.
The RAD?7 detector is a highly adaptable instrument

Fig. 2. The schematic diagram for measuring radon in the soil samples.
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Fig. 1. The latitude and longitude of soil collection points along LZR.
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that forms the core of a complete radon measure-
ment system. The radon monitor can be used in a
variety of ways to meet different needs. It can
continuously monitor radon levels in the air, detect
radon during air testing, collect air samples for
analysis, measure radon in water, and assess radon
levels in soil gas [22]. The RAD7 radon detector,
made by DURRIDGE Company-USA, uses a solid-
state alpha particle detector in a hemispherical
chamber to measure radon levels. As shown in
Fig. 3, the internal sample cell of the RAD?7 instru-
ment consists of a 0.7-litre hemisphere that has been
coated internally with an electrical conductor [23]. It
can create the energy spectrum for a-particles
emitted from the decay products of radon-220 and
radon-222 in the range of 0—10 MeV [24,25].

When a *?Rn nucleus undergoes decay inside the
cell, it produces a positively charged ion known as
Polonium (**®Po), which is the resulting nucleus of
the transformation. The electric field in the cell
pushes the positively charged ion towards the de-
tector. When the short-lived polonium nucleus
(*'8Po) decays on the surface of the active detector,
its alpha particle has a 50 % chance of entering the
detector and creating an electrical signal [26]. The
strength of this signal is directly proportional to the
energy of the alpha particle. Various isotopes
possess different alpha energies, resulting in distinct
signal strengths within the detector [27].

2.4. The annual effective dose of radon gas
inhalation

The amount of radiation exposure to the lungs from
breathing in radon gas from the soil can be estimated using
the following mathematical models [2]:

AED (mSv /y)=Cg,. F.T.O.D

The equilibrium factor, or F, is a measure of
how well the concentration of radon daughters in

i Air outlet

Air inlet
with filter

Pump ~_

Detector = 7 '\lov l
mS o

Hgh Yoltage

/

Fig. 3. The internal sample cell unit of the RAD7 detector.

the air matches the concentration of radon gas and
is equal to 0.4. Radon daughters are radioactive
particles that are created when radon gas decays. T
is the amount of time people spend annually, and it
is 8760 h per year. O is a factor that accounts for how
much time people spend indoors. To calculate the
total dose of radiation people receive, the United
Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) uses 0.8 as an indoor
occupancy factor (O). This means that people spend
18% of their time indoors on average. The amount of
radiation dose received by the lungs of adults per
unit of radon concentration in the air is measured by
dose conversion coefficient D. In this case, the dose
conversion coefficient is 9 x 107® mSv per Bq.m >,
which means that for every becquerel of radon per
cubic meter of air, adults receive an effective dose of
9 x 10~® mSy to their lungs [25]. The global average
annual exposure dose (AED) resulting from inhaling
radon gas is determined to be 1.2 millisieverts per
year, as indicated in the findings presented in the
report [29-31].

3. Results and Discussion

Table 1 displays the radon activity concentrations
measured in soil samples obtained from 12 different
locations, along with their corresponding
geographical coordinates. The measured radon
concentration values in virgin (they do not receive
any kind of fertilizer) and agriculture soil (they use
fertilizers for agricultural growth) vary from
37.3 + 7.52 Bq.m > to 298.25 + 50.09 Bq.m > and
33.03 + 10.85 Bq.m ° to 320.25 + 34.62 Bq.m ° with
average values of 159.48 + 24.74 Bq.m > and
166.05 + 30.88 Bq.m °, respectively. It is generally
observed that agricultural soil contains higher levels
of radon compared to undisturbed soil. This is due
to human activities such as irrigation, water usage,
decomposition of organic matter, and the applica-
tion of fertilizers, contributing to the elevated levels
of radon in agricultural soil [10]. It's crucial to un-
derstand that the concentration of radon in agri-
cultural soil can differ due to several factors,
including geographical location, soil composition,
agricultural practices, and local sources of radon.

3.1. Radon health risk assessment

According to the results presented in Table 2, the
annual effective doses resulting from inhalation of
radon in virgin and agricultural soil gas varied from
0.94 + 0.19 to 7.52 + 1.26 mSv. y™* for virgin soil, and
from 0.83 + 0.27 to 8.08 + 0.87 mSv. y' for agricul-
ture soil. The mean values for virgin and
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Table 2. AED from the inhalation of radon in virgin and agricultural
soil along LZR.

Name AED Inhalation of Radon in soil

(mSV.y’l)

Virgin soil Agriculture soil
Shexawdalan 1.66 + 0.33 2.32 + 0.79
Sndolan 0.94 + 0.19 3.4+ 097
Braymawa 7.52 +1.26 7.89 + 241
Grdastera 2.81 + 0.66 217 + 0.33
Zarawa 5.74 + 0.19 6.25 + 0.56
Bastasten 7.48 + 1.03 8.08 + 0.87
Sangasar 2.62 + 0.58 4.52 + 0.2
Daraban 6.00 + 0.55 5.03 + 0.56
Saruchawa 6.47 + 1.35 5.06 + 0.81
Khdran 292 + 0.5 3.22 + 0.96
Goptapa 3.00 + 0.72 0.83 + 0.27
Taq Taq 1.11 + 0.13 1.49 + 0.63
Mean values 4.02 + 0.62 4.18 + 0.78
agricultural soil were determined to be

4.02 + 0.62 mSv. y' and 4.18 + 0.78 mSv. y,
respectively. It was observed that agricultural soil
has the highest radiation dose for humans
compared to virgin soil.

Importantly, the study findings indicated that the
annual effective doses received by the population
from these two soil types, except virgin soil from
Sndolan and agricultural soil from Goptapa, were
higher than the recommended annual effective dose
limit of 1 mSv. y™ for the general public, as sug-
gested by the International Commission on Radio-
logical Protection (ICRP) and UNSCEAR [28].

3.2. Descriptive statistics and distribution of
measured data

The measured radon concentrations, their
descriptive statistics and distributions in both soil
types are shown in Fig. 4. The lower panel compares
the radon density between the two soils. One can
easily see that in most areas the densities of the gas
in the soils are fairly close, which is further
confirmed by the strong positive Pearson Correla-
tion (r = 0.855), and they fluctuated simultaneously
except for Goptapa, Sangasar and Sndolan, where
the residuals between the virgin and agriculture
soils radon concentration are 86 Bq m >, 75 Bq m >
and 97 Bq m >, respectively. In these regions, the
difference between gas densities is very noticeable
among all the other places. The middle panel shows
the descriptive statistics of the measured data using
box plots. Each box plot, alternatively called a box
and whisker plot is a prevalent chart in exploratory
data analysis within descriptive statistics. It depicts
the distribution and skewness of numerical data by
displaying quartiles (or percentiles) and means. Box
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Fig. 4. The descriptive statistics and distribution of measured data.

plots provide a comprehensive summary of the
measured concentrations by exhibiting the five
number summary, which are the minimum value
37.3 Bq m 3, first quartile 84.9 Bq m >, median 117
Bq m 7, third quartile 247 Bq m 3, and maximum
value 298 Bq m ° for virgin soil, and which are the
minimum value 33 Bq m™, first quartile 89.1 Bq
m >, median 157 Bq m?, third quartile 224 Bq m >,
and maximum value 320 Bq m > for the agriculture
soil.

4. Conclusions

This study focused on comparing radon levels on
agricultural and virgin lands using long-tube tech-
niques equipped with the RAD7 electronic radon
detector. The annual effective dose resulting from
most of the soil samples collected from both virgin
and agricultural areas was found to be higher than
acceptable limits. The average radon concentration
in virgin soil gas was determined to be 159.43 Bq
m 3, while in agricultural soil; it was measured to be
166.05 Bq m . The activity concentration of radon
in agricultural soil is generally greater than in virgin
soil due to several factors: Human activities, irriga-
tion and water usage, organic matter decomposi-
tion, and fertilizer usage. It's important to note that
the specific radon concentrations in agricultural soil
can vary depending on various factors, including
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geographical location, soil composition, agricultural
practices, and local radon sources [10,32,33].
Therefore, while it is generally observed that agri-
cultural soil has higher radon concentrations
compared to virgin soil, local conditions and prac-
tices can influence the actual levels.

The average annual effective dose in virgin soil
gas was determined to be 4.02 mSv y !, while in
agriculture soil; it was measured to be 4.18 mSvy .
These measurements are highly valuable for
assessing the health hazard index associated with
radon exposure along LZR (presumably a specific
location or parameter). They provide important in-
formation for estimating the potential risks and
evaluating the level of health hazards posed by
radon exposure in that particular area.
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