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Abstract

Groundwater is becoming more and more recognized as a crucial
and indispensable water supply on a worldwide basis. The previous
few decades witnessed a high increase in its demand due to the
overpopulation and improving living standards. Natural radioactivity
in water has garnered a lot of attention in recent years. Twenty-two
groundwater samples from Kirkuk region in Iraq were tested for radon
using RAD7, an electronic radon detector coupled to a RAD-H2O
accessory (Durridge Co., USA) with an average value of 10.31 BqL−1,
the observed radon concentration ranged from 0.18 BqL−1 to 23.005
BqL−1. The radon concentration readings that were measured fall well
within the range of the maximum contamination limit (MCL) of 11.1
BqL−1 set by the EPA. The annual effective dose for individual consumer
was 0.039 mSvy−1 within the public exposure limit of 1 mSvy−1 set
by the WHO and UNSCEAR. Farmers can feel secure here, and the
population is not particularly at risk from radon concentrations, based on
the measured values for subterranean water in the study location. This
study ended without considering how radon concentration is impacted
by the physics of groundwater and chemical properties like PH and
EC. After the sample is kept for a month, the radon concentration is
recalculated.

1. Introduction:
Radon 222Rn, a radioactive gas with 3.82 days half-life, is

a well-known byproduct of the dissolution of uranium that is
used to convey a dose. Radon is common in soil and water,
and its concentration in the planet crust depends upon the soil
composition. As such, all life on the earth is confronted with
radon both internally and externally [1]. Being gaseous, it is
very portable and may travel across the ground to water and air.
When radon is inhaled or consumed, it typically decompose
and releases energy that can negatively affect multiple biolog-
ical tissues. For instance, the generation of free radicals may
cause an anomalous cell division and increased probability of
cancer. According to a study, radon inhaled into the mouth or
through water meant for human consumption contributes 89%
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of an individual’s estimated cancer risk [2]. As such, radon
detection is crucial to the evaluation of the community health,
and the knowledge of radon concentrations in domestic wa-
ter supplies is crucial to preventing people from the negative
effects of exposure. Reviews of the distribution of radon gas
and its descendants are of global importance, this is because
the World Health Organization (WHO) officially recognized
the practice in 1988, when the organization recognized that in
many countries, radon was the second most common cause
of cancerous growth following tobacco smoke [3]. As such,
as a result, the International Agency for Research on Cancer
(IARC), which is part of the (WHO), has considered radon to
be a type 1 carcinogen [4] [5]. As of right now, the increased
radon concentrations in drinking water have been connected to
radiation doses that are harmful to stomach lining [6], raising
the possibility of serious stomach and gastrointestinal cancer
[7].

When groundwater is a building’s main supply of water,
the risk goes up considerably. These closed systems pump wa-
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ter straight to the customer without allowing radon to dissipate
or escape [8].

The radioactivity of natural water has drawn a lot of at-
tention lately [9], [10], [11]. The liquid scintillation method
was used to measure the radionuclide 222Rn content in wa-
ter samples from the Wielko region in southern Poland. The
measured values ranged from 0.42 to 10.52 BqL−1, with an
average of 1.92 BqL−1. Reference [12] evaluated the activ-
ity of 222Rn near the coast of Xiangshan, Zhejiang, China,
and noted its presence in both surface seawater and all-tidal
groundwater. Radon levels on the Xiangshan coast range from
2.4×104 to 1.7×105 Bqm−3. 9.6×104 Bqm−3 with an average
of 9.6 × 104 Bqm−3 for groundwater; the surface seawater is
0.2 × 102 to 2.8 × 102 Bqm−3 and the average is 1.1 × 102
Bqm−3.

In Reference [13] analyzed concentration activity of 222Rn
activity concentration in well water. Approximately 70 %
of water samples from monitoring wells had 222Rn concen-
trations above the United States Environmental Protection
Agency(EPA) recommended limit of the 11.1 BqL−1. In Ref-
erence [14] estimated the Radon monitoring in groundwater
samples from some areas of northern Rajasthan, India, using
a RAD7 detector. Radon concentration in groundwater ranges
from 0.5 ± 0.3 BqL−1 (Chimanpura) to 85.7±4.9 BqL−1

(Khandela) with an average value of 9.03±1.03 BqL−1. The
aim of this research is to study the concentrations of radon gas
in groundwater samples. These measurements were used to
compute the annual effective dose from ingesting and inhaling
222Rn in water.

2. Materials and Method:
2.1 Sampling Area:

Kirkuk Province is located in the northern part of Iraq Fig-
ure1, within the semi-mountain region between longitudes
(43 18” - 44 47”) to the east, and two latitudes (34 50” – 35
52”) to the north. It shares borders with Erbil Province to
the north and northwest, Mosul Province to the west, Sulay-
maniyah Province to the east, and Salah al-Din Province to
the south and southwest. Due to its oil reserves, Kirkuk is
considered one of the richest cities in the world. In addition
to its oil wealth, the area also contains deposits of sulfur and
natural gas. These resources are obtained through the primary
processing of petroleum. Regarding the geological features,
the geological structure plays a major role in distributing
and spreading groundwater, and determining its qualitative
and quantitative characteristics. The places where that water
is stored, its depths, its spatial extension, the flow of water
through it, and its qualitative characteristics—that is, its chem-
ical and physical properties—are all determined by the kind
and depth of the rocky layers. It is the carrying vessel of
that water. The creation of groundwater is also significantly

influenced by the porosity and permeability of the crust rocks,
which allow surface water to find a way into the rocks to build
water tanks.

3. Sample Collection Preparation:

The majority of people in Kirkuk City use groundwater for
everyday household purposes and other uses, so groundwater
was taken into consideration. To ensure that a precise amount
of radon was gathered from water sources, water was permit-
ted to flow for approximately 10 minutes, and the bottles were
sealed tightly to prevent radon leakage. The samples were
analyzed in University of Kirkuk/ College of Science/ Health
Physics Laboratory, and a decay correction was employed
to accurately calculate the radon content if the sample was
studied for more than 24 hours following the sampling.

This is due to the complexity of obtaining and measuring
radon due to its volatility and short half-life. Long-distance
locations from the laboratory were avoided in the sampling
process because of these occurrences. Twenty-two water sam-
ples from groundwater total were gathered in multiple loca-
tions in Kirkuk City. Instead of using 40 ml of water, for each
measurement in this investigation, 250 ml was used. Since a
higher sample size will increase precision and sensitivity at
low radon doses, it was decided to employ one. Radon gas
concentrations were monitored and samples were gathered
between the months of November 2021 to early March 2022.

4. Experimental Technique:
22 water samples were collected for the current study from

various locations of Kirkuk Province. Every water sample is
collected in unique bottles made specifically for measuring
radon activity in water. This lessens the amount of radon lost
as a result of exposure and air contact, [15]. Examine samples
right away; do not wait more than 24 hours between sample
collection and analysis.

The Solid-State Detector RAD7 is beneficial. Figure 2
shows a semiconductor-based solid-state detector that is made
of Si. This detector converts the energy of the alpha parti-
cles that are produced by the breakup of a molecule (218Po or
214Po), and can differentiate these particles if RAD7 is capable
of filtering the electronic energy associated with the particles,
this electrical signal is directly related to the alpha particles.
The alpha energy is achieved (6MeV) 214Po or (7.97) MeV by
isotopes of radon [16].

The RAD H2O is accurate in its estimation of the vol-
ume of radon in the water sample because it follows the pre-
established, standard protocol for RAD7. Because of the
consistent magnitude of scale, if the radon concentration in
the air is increased by 100%, the water concentration can be
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Figure 1. locations of Kirkuk City’s study area.
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Table 1. Clarify the symbols of the map and the coordinates
of each region.

Sample ID Name Coordinates

Latitude Longitude

GW-1 Rahimawa 35°30 20′′N 44°23 56′′E

GW-2 Al-failaq 35°28 48′′N 44°21 44′′E

GW-3 Huzairan Garden 35°24 21′′N 44°20 23′′E

GW-4 Hay Adan 35°24 48′′N 44°22 36′′E

GW-5 Al-saraf Mosque 35°24 54′′N 44°22 01′′E

GW-6 Nidaa 35°23 46′′N 44°22 31′′E

GW-7 Banja Ali Apartments 35°24 33′′N 44°25 45′′E

GW-8 Qadisiyah (Al-Salam Garden) 35°25 01′′N 44°24 30′′E

GW-9 Ashti Mosque 35°26 20′′N 44°25 31′′E

GW-10 Qishla 35°28 19′′N 44°23 20′′E

GW-11 Castle 35°28 19′′N 44°23 38′′E

GW-12 Shorja Park 35°27 13′′N 44°24 46′′E

GW-13 Ashti Park 35°26 24′′N 44°24 37′′E

GW-14 Al-mansor Mosque 35°26 21′′N 44°22 39′′E

GW-15 Ras Domiz 35°24 12′′N 44°21 30′′E

GW-16 Al-khasa River 35°23 17′′N 44°21 44′′E

GW-17 Hay Al-Askari (Al-hijra Mosque) 35°23 38′′N 44°24 34′′E

GW-18 Al-Baho 35°27 31′′N 44°22 40′′E

GW-19 Ali Bin Abi Talib Mosque 35°29 36′′N 44°23 35′′E

GW-20 Tisen Park 35°27 10′′N 44°22 30′′E

GW-21 Kirkuk University 35°23 41′′N 44°20 33′′E

GW-22 Al-Zab River 35°41 06′′N 44°06 06′′E

deduced by measuring the volume. For a 250-mL water sam-
ple, a 4-scale factor is calculated using the air flow volume,
the sample volume, and the equilibrium radon distribution
coefficient at room temperature. In this method, a closed-loop
system is employed to ventilate. A procedure that has the flow
rate is as its sole variable and the volume of water and air is
as its sole adjustment. Water test for the Wet 250 procedure is
approximately 30 minutes.

The RAD7’s internal pump will start before the test begins
in order to agitate the sample and spread the degassed radon
to the measurement chamber of the RAD7. Throughout all of
the available radon, 95% is removed from water during the
course of 5 minute airing out cycle. After the fifth minute of
operation, the pump will automatically turn off, and the sys-
tem will wait for another five minutes. After that, the device
will begin to count. Every five minutes, the system produces
a concise report for a five-minute period. The same event
occurs after five minutes, with a second occurrence after an
additional five minutes. As demonstrated in Figure 2a, the
RAD7 results a rundown 30 minutes after the race starts that
includes the cumulative spectrum, a bar map of the four mea-
surements, and the average radon concentration across four
counting intervals of five minutes each. Water concentration

of radon, as documented in Figure 2b and the automatically
assigned number are displayed. A water quality meter is the
device employed to measure EC and PH.

The RAD H2O is accurate in its estimation of the vol-
ume of radon in the water sample because it follows the pre-
established, standard protocol for RAD7. Because of the
constant conversion factor, the volume of radon in the water
sample is estimated by taking the product of the radon concen-
tration in the air channel and the volume of the container. The
factor 4 for a water sample 250 mL in a flask is derived from
the air flow volume, the sample volume, and the equilibrium
distribution of radon at a room temperature. In this method, a
closed system with a loop is used.

A method in which the flow rate is constant and both wa-
ter and air are maintained at a constant volume. Water test
for the wet 250 procedure is approximately three hours. The
integrated pump of the RAD7 automatically begins function-
ing five minutes before the test begins in order to agitate the
sample and move the degassed radon into the measurement
chamber of the RAD7.

During a 5-minute aeration, more than 94% of the avail-
able radon gas was removed, most of it from the water. After
five minutes of operation, the pump automatically shuts off,
and the system waits five more minutes. After that, the device
starts counting. The device creates a concise report every five
minutes. Five minutes later, the same thing happened twice
more within five minutes, RAD7 generates a 30-minute pro-
file containing the average radon concentration within each
5-minute interval, a plot of the 4 measurements, and the over-
all spectrum.

5. Annual Effective Dose:
The following formula is employed to calculate the indi-

vidual’s annual effective dose of 222Rn derived from water
consumption [19], [20]

Dw =CwCrwDcw (1)

The annual effective dose (y−1) from the radioactive con-
sumption of water intended for human consumption is.

Cw is the amount of 222Rn in the consumed water (BqL−1)

Crw is the annual volume of water consumed (Ly-1−1)

Dcw is the estimated percentage of 222Rn that is converted to
dosage (SvBq−1)
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Figure 2. Two pictures displaying the water’s measurement utilizing RAD7 accessories and the cumulative operational
spectrum.

2a. A picture displaying the elements 218 Po and 214 Po in channels A and C, respectively, as well as the alpha spectrum
[17].

2b. An illustration demonstrating the use of RAD7 and its RADH2O derivatives to assess a water sample [18].
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One factor that converts doses into units of 5 × 10−9

SvBq−1 has been employed, in accordance with the United
Nations Scientific Committee on the Effects of Atomic Radia-
tion (UNSCEAR, 1993), an adult (over the age of 18) annually
consumes, on average, 730 L of water [21], [22].

6. Results and Discussion:
Table 2 illustrates the concentration of radon in groundwater

samples from the Kirkuk region (the medium concentration is
average, the low concentration is the lowest, and the high con-
centration is the highest). Additionally, the annual effective
dose for each sample was determined. The lowest concen-
tration of 222Rn was in the Zab River sample 0.18 BqL−1,
the maximum concentration was in the Falak sample 23.005
BqL−1, and the average concentration in BqL−1 was 10.31.
We believe the primary cause of this discrepancy is the differ-
ent lengths of the source grids.

We believe that the primary cause of this discrepancy is
the different lengths of the grids involved. One of our findings
is that the volume of the variable depends upon the humidity
level if the humidity level increases the activity and thus the
error will increase as well.

The relative humidity should be 10 percent or less during
the duration of the measurement. However, during testing, the
humidity is typically greater than 10 percent. High humid-
ity adversely affects the efficacy of corn harvesting. In this
context, a low level of radioactivity is apparent. The RAD7
detector has a remarkable capacity to differentiate between
the new 222Rn isotope of radon and the old counterpart. The
high concentration of radon and the long time the sample was
in the cell increased the number of active offspring nuclei. To
eliminate the background, the chemical was purged and the
remaining chemical activity in the cell remaining after the
chemical removal [23].

The amount of radon gas in the container was measured
before and after a month of storage. The outcomes are listed
in Table 2. We discovered that the concentration of ground-
water samples from different areas (Aden Quarter, the Khassa
River) before storage was 13.003, 0.921 BqL−1. The radon
concentration in the same region decreased to 0.397, 0.0361
BqL−1 following storage. After storage, the average concen-
tration dropped to 9.84% of the original concentration of the
sample. This is due to the short half-life of 222Rn relative to
the storage period 3.8 days.

The results of the average activity of radon concentra-
tion of groundwater in Kirkuk city were less than the ac-
cordable limit as reported in USEPA [24]. The maximum
tolerable concentration of 222Rn in water that can be achieved
is 11 kBqm−3. The concentration of activity in BqL−1 of the

groundwater samples in this investigation was contrasted with
other investigations that were conducted in different areas and
listed in Table 3.

Some of the values in this investigation were less than the
international values. The variations in radon concentration
are primarily caused by the geological composition of the
area, water depth, and also differences in the climate. Oth-
ers have reported that the geological structure of an area is a
predominant factor for high radon concentration and climate
is also an important factor [25]. From throughout the globe

Table 2. Clarify the symbols of the map and the coordinates
of each region.

Study Area Radon Concentration Mean of CRN ADE (mSvy−1) Mean of CRN

CRN (BqL−1) (BqL−1) before (BqL−1) after
storage storage

Low High

GW1 10.009 12.002 11.003 0.040 0.324

GW2 22.001 26.002 23.005 0.084 0.218

GW3 9.300 13.003 11.00 0.040 0.288

GW4 12.005 14.007 13.003 0.047 0.397

GW5 12.00 16.004 14.002 0.051 0.215

GW6 14.009 18.001 16.007 0.058 0.181

GW7 11.008 15.008 13.001 0.047 0.252

GW8 14.006 18.005 17.004 0.062 0.325

GW9 21.002 24.00 23.00 0.083 0.252

GW10 1.17 2.35 1.87 0.0068 0.253

GW11 4.19 5.87 4.64 0.017 0.18

GW12 15.005 17.002 16.005 0.058 0.15

GW13 9.845 13.00 10.00 0.037 0.217

GW14 10.005 14.006 12.00 0.044 0.256

GW15 13.001 14.006 14.001 0.051 0.19

GW16 0.297 1.91 0.921 0.0034 0.0361

GW17 13.007 17.004 15.001 0.055 0.288

GW18 14.007 15.007 15.00 0.054 0.359

GW19 4.18 7.54 5.55 0.020 0.0722

GW20 6.6 7.92 7.34 0.027 0.216

GW21 3.8 5.98 5.2 0.019 0.219

GW22 0.143 0.289 0.18 6.57E-7 0.0286

Rain water 0 0.871 0.398 0.0015 0.287

Average 10.31 0.039 0.226

in Table 3, groundwater radon concentrations are subject to
change over time due to several variables, such as groundwa-
ter source relocation or recharge area growth. The seasonal
average number of cases may vary depending on what caused
the increase in radon in the groundwater. Deionized water
can lower radon levels, according to the study [26] on the
concentration of radon in tube wells. Additionally, a direct
relationship was observed between the pH of the water sam-
ple and the radon levels. Numerous studies on the volume of
radon in groundwater that have been conducted in different en-
vironments have demonstrated a strong relationship between
the increase in radon and the presence of uranium and tho-
rium in the stone parent. Because of the high concentration of
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radon in groundwater, the concentration is typically high in
areas with significant tectonic stress. Changes in soil compo-
sition, structural issues, and geology are associated with the
spatial variation of 222Rn concentrations. Elevated levels of
radon have been found in soil and groundwater above folds,
fractures, faults, and lineaments. It is employed in numerous
hydrogeological studies as a natural tracer and to measure
submarine discharge along sea coats.

These investigations show a clear correlation between
groundwater radon enrichment and the amount of uranium and
thorium in source rocks. Because of the influence of other el-
ements, groundwater radon concentrations rise in places with
significant tectonic activity. The quantity of layers, changes in
soil type, structural characteristics, and geology are frequently
responsible for spatial variance.

Table 3. Clarify the symbols of the map and the coordinates
of each region.

Water type Country Average radon Reference
concentration (BqL−1)

Groundwater Iraq-Kirkuk 10.31 Current study

Tap water Iraq-Al-shomaly 0.29 [27]

Khassa water Iraq-kirkuk 0.1575 [28]

Groundwater Iraq-Kufa city 0.267-5.662 [29]

Groundwater Iraq-Nenava 1.133 [30]

Groundwater Khartoum 59.2 [31]

Groundwater Algeria 7 [32]

Groundwater Italy 1.80-52.70 [33]

Groundwater Jordan 3.9 [34]

Groundwater China 110-36.00 [12]

Groundwater Saudi Arabia 0.76-9.15 [35]

Tap water Iran 0.21-3.89 [36]

Well Turkey 0.70-31.70 [37]

Well Mexico 1.78-39.75 [38]

Drinking water Kirkuk 0.97 [39]

7. Conclusions:
Health hazard from exposure to radon is not an acute prob-

lem, if considered globally. But a looming danger of health
complications cannot be ignored due to the health risks in-
volved in areas where radon concentration assumes dangerous
proportions. The present study showed that the radon con-
centration of the groundwater samples from the study areas
were close than the maximum contaminant level (MCL) value.
Even the annual effective dose values were significantly lower
than the UNSCEAR and WHO recommended limit for mem-
bers of the public of 1 mSv y−1. These data must be regarded
as preliminary and further extensive studies should be done
on large scale by initiating further detailed investigation of
whole command area completely for radon contamination, to
increase awareness and mitigate possible hazards. With some

exceptions related to a known radioactive anomaly and other
closer results, they do not present a danger for the public, will
bring a definite additional radiological risk to indoor air. In
household water usage, showers, baths, dishwashers, laun-
dries, and toilets all provide adequate aeration to release a
high percentage of the water’s radon content into household
air. Hence, mitigation process of reducing radon gas related
exposure in the home or workplace such as increasing indoor
ventilation (open windows, air-to-air heat exchangers), remov-
ing radon progeny from the air (filters, fans), or ventilating
the soil surrounding the building should be promoted.
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