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ABSTRACT

The 222Rn measurements were conducted using passive diffusion radon 
dosimeter containing CR-39 detectors from the extraction wells until 
it reached the consumer. The results showed that the average radon gas 
concentrations from all wells was (3.2 Bq/l ± 0.3 Bq/l), while the average 
radon gas concentrations for the three pump stations was (3.1 Bq/l ±0.1 
Bq/l), and the average for tap water was (2.0 l Bq/l ±0.1 Bq/). All the 

obtained  results were below the maximum allowed concentration level  
prescribed by US-Environmental Protection Agency (11.1Bq/l). The total 
annual effective dose for all.

Water samples vary from (0.01mSV/y) to (0.08 mSv/y), which is less than 
the maximum contaminant level (0.1 mSv/y). Hence, the groundwater in 
the study area does not pose health risks to consumers because the health 
risk factor for having lung cancer was estimated to be (0.005 %) However, 
the 222Rn concentrations can be significantly improved, if the plant includes 
an aeration unit.
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INTRODUCTION

Radon (222Rn) is a colorless, odorless, and tasteless radioactive noble 
gas that originates from the decay of the uranium series (238U) [1]. 

Radioactive decay occurs because certain nuclei are unstable in their current 
state and seek to lose some of their excess energy by expelling a nuclear 
particle or electromagnetic radiation out of the nucleus to reach a lower 
energy state. The rate of disintegration of any radionuclide is described in 
terms of the activity, which is the number of nuclei decay per unit time [2]. 
Radon has a half-life of 3.82 days and decays within hours to form short-lived 
solid radioactive progeny with the release of alpha and beta emissions [3]. 
Radon emits its alpha particle with decay energy of 5.49 MeV and forms the 
element polonium (218Po) [4]. Radon is highly soluble in water and found as 
natural pollutant in Groundwater (GW), soils, and surface waters [5, 6]. The 
quantity of dissolved radon found in GW range from (10−4 Bq/l to 102,000 
Bq/l) depends on [7,8]:

1. Lithology

2. The characteristics of the aquifer such as porosity and permeability.

3. Various amounts of natural uranium present in certain types of
rocks and radium content [9].

4. The distance from the source.

5. The residence time of water within the aquifer.

Hence, radon activity in GW varies spatially from one place to another. 
In general, radon activity in GW is primarily controlled by the distribution 
of uranium and radium present in the parent rocks [10].

Radon can enter indoors from the soil through foundation cracks or 
via consumption of GW and can cause damage to human health [4]. Also, 
it is affected by meteorological factors such as temperature and pressure 
variations [11].

Radon and its decay solid products contribute significantly to human 
exposure to natural radiation sources. The World Health Organization 
(WHO) identified chronic exposure of residential areas to radon and its 
decay products as a second cause of lung cancer after tobacco use and the first 
in non-smokers [12]. Radon, with a density of 9.72 g/l is 7.5 times heavier 
than air; this causes it to accumulate on the ground floor [13]. Humans 
are exposed to radon through ingestion and inhalation. Dissolved radon 
in water is released into indoors when water is used for bathing, washing, 

and other domestic uses [14]. When radon gas is inhaled into a person’s 
lungs, alpha particles are emitted as an energy that can damage the DNA 
in sensitive lung tissue and cause lung cancer [15]. The WHO listed lung 
cancer as the main cause of death worldwide, it is estimated that there are 
8.2 million deaths annually at present and it is estimated that by 2030 it 
will be 10 million deaths [16]. In Jordan, lung cancer is the most common 
cause of death among other types of cancer [17]. When radon gas is ingested, 
the dissolved radon in drinking water releases radiation in the stomach and 
other organs which can expose sensitive cells to damage causing stomach and 
gastrointestinal cancers [1]. Therefore, it is important to identify the amount 
of radon in GW in domestic environments to prevent increased radiation 
exposure and to quantify potential health risks. 

This study describes the path of radon from Ayoon Al-Hammam water 
wells, located in Al-Korah district-Irbid governorate-Jordan, to the drinking 
water purification plant, and finally to the consumers at their homes in 
Tubneh, Dair Abu Said, and Sammou towns. The geology of the studied 
area and the human health risks to the final consumers were also considered.   

MATERIALS AND METHODS

The study area, Ayoon Al-Hammam wells (AAWs), is located at the Northern 
part of Jordan to the west of Irbid governorate and near Deir Abu Saied town 
at Ayoon Al-Hammam valley, between the coordinates 32.507778°N and 
35.702500°E (Figure 1).  It contains five wells that supply about 14,000 m3 
per day to Ayoon Al-Hammam Water Purification Plant (AWPP). The AWPP 
is a small simple disinfection plant used to disinfect GW as a conservation 
step and to maintain the purity of the drinking water along the supply 
pipeline. The pumped water from the five wells is collected in a 1000 m3 
reservoir without mechanical aeration. Finally, the water is chlorinated and 
distributed via three pumping stations to the inhabitants in Deir Abu Said, 
Sammou, and Tubneh as drinking water.

The study area contains three litho-stratigraphic groups outcropping 
in the northern part of Jordan (Figure 2), which are the Ajloun Group, 
Balqa group, and Jordan Valley group. In the study area, the oldest exposed 
formation is Wadi As Sir Limestone Formation (A7), it overlies the Shu’ayb 
(A5-6) Formation of the Ajloun Group, and is overlain by Wadi Umm 
Ghudran (B1), Amman Silicified Limestone (B2a), Al-Hasa Phosphorite 
(B2b), Muwaqqar Chalk Marl (B3) Formations of Belqa Group [18].

The hydrogeology of the aquifer system in the study area (Figure 3) 
belongs to the Middle Aquifer System or Upper Cretaceous (B2/A7) 
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Amman-Wadi Sir Hydraulic Complex. This system consists of two carbonate 
formations, Amman Silicified Limestone Formation (B2a) and Wadi Al Sir 
Formation (A7). The main aquifer in AAWs region is (B2/A7) that overlain 
by the Muwaqqar chalk Marl Formation, which a confined aquifer is. The 
average thickness of the study area is about 200 m; it increases towards NE to 
reach about 300 m-350 m and decreases NW to reach about 180 m-200 m. 
Generally, the average yield of wells in the B2/A7 aquifer system is around 
123 m3/h, and the storage coefficient in the confined conditions varies from 
10-3 to 10-5 with a specific yield of more than 30%. The average transmissivity 
of B2/A7 is about 467 m2/d, for the study area the transmissivity of B2/

A7, is 324 m2/d-544 m2/d; and yields about 85 (m3/hr). The hydraulic 
conductivity of B2/A7 is 8.1 m/s×10-5 m/s and porosity is 45% [18].

Fifty-four water samples were collected during June 2020 for radon 
detection: three replicated water samples were collected directly from the 
five wells (15 samples), three replicated samples from the chlorinated water, 
and three replicated samples from the three pumping stations (12 samples). 
Finally, 27 samples were randomly collected from the homes of the three 
targeted towns. The concentrations of 222Rn were measured using CR-39 
detectors (ally-diglycol carbonate, C

12
H

18
 O

7
), which is the most popular 

member of the SSNTD family that is used to measure alpha particles in 
ionizing radiation, and it is available on a commercial scale. It can detect all alpha 
energies from zero to more than 7.7 MeV without any degradation [20].

70 ml of water from each sample was poured into an empty plastic cup. 
Each sample cup was covered and glued tightly by an inverted passive diffusion 
radon dosimeter cup, this technique is known as the closed can technique 
or ‘dosimeters’’, as shown in Figure 4. Each dosimeter contains a piece of 
CR-39 detector of dimensions (1 cm × 1 cm) and 500 µm thicknesses; fixed 
at the bottom of a plastic cup; 7.0 cm in diameter and 4.6 cm in depth and 
using a double face scotch tape. A circular hole of radius 0.635 cm is made 
at the center of the lid and then sealed from inside with a piece of sponge 
with dimensions (2 cm × 2 cm × 0.5 cm). This configuration was necessary 
to prevent any dust particles and to inhibit thoron gas from entering the 
dosimeters, so only radon can get into the dosimeter [21].

According to Al-Bataina et al., 1997 [21], the distance from the surface 
of the water in the sample cup to the CR-39 detector is preferred to be (2.5 
times-3 times) of water height because it gives the most precise result. Then it 
was closed tightly in a polyethylene bag and thermally insulated and left for 
74 days for secular equilibrium; because radon needs at least from (4 times-7 
times) of it is half lifetime to become at a secular equilibrium state with its 
daughter [21]. It was found theoretically that any time ( ≥ 7 t ½) for radon i.e 
(30 days) is sufficient to reach the beginning of a secular equilibrium between 
226Ra and 222Rn, or 222Rn and 218Po. But if we wait for a longer time i.e. (15  
t 1/2) (70 days) we will be sure that defiantly we have secular equilibrium, in 
addition to the fact that we will accumulate enough nuclear tracks (N), where 
the random statistical error is √Ni, and the relative statistical error will be 
√N/N ≈ 10%-15% of the actual value.

After 74 days of exposing CR-39 detectors to radon gas from groundwater, 
some alpha particles might hit the CR-39 detector and form nuclear tracks. 
The nuclear tracks formed on the CR-39 detectors can be seen neither by the 
human eye nor by an optical microscope; their sizes are very small (in nm); 
therefore, CR-39 detectors were chemically etched using 7 M KOH aqueous 
solution as an etchant for eight hours in a thermostatically controlled water 
bath at a constant temperature of 70 °C ± 0.1 °C. After the desired period 
of etching, the detectors were removed, washed under running water for 
10 minutes to remove all the KOH solution that may still be present on 
the surfaces of the detectors, and were immersed gently in a small bath of 
distilled water for a few minutes to remove any etching pits. After drying, 
the detectors were ready to be counted using an optical microscope with a 
suitable magnification.

DATA INTERPRETATION

The radiological effects of dissolved radon intake are described as the 
effective dose of radiation received from the population at the time of daily 
water intake. A relationship is used to assess an appropriate annual dose for 
a single person by the ingestion and inhalation of radon from drinking water 
by using these equations: 

Figure 1) Location map for the study area

(A)

(B)

Figure 2) Geological map of the study area [19]

Figure 3) Wells depth and thickness of Amman-Wadi Al Sir aquifer [18].
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Where:

avg
N
A

ρ =

averageρ : Measured average surface density of nuclear tracks on the 
exposed detectors (track/cm2). Ni: Number of tracks on the surface of the 
detectors for each view.(N:) Average number of nuclear tracks on the surface 
of CR-39. A: Area of the view measured using a Vernier caliber mounted 
along with the table of the microscope and found to be (A= 3.14 cm2 ×10-2 cm2).

Radon concentration in the air above water samples (Ca in Bq/m3)

C
a
 =            

Co: Radon activity concentration of the calibration chamber (Co =90 
kBq/m3). to: Calibration exposure time (48 hours or 2 days). ρ: Measured 
average surface density of nuclear tracks on the exposed detectors (track/
cm2). ρ_o: Average surface density of nuclear tracks on the calibrated 
detectors (3.3021*104 track/cm2). t=Exposure time of studied samples (74 
days).

Radon concentration in the water samples (Cw in Bq/m3)

          (3.3)
ƛ: Decay constant of 222Rn. 

C
a
:  Radon concentration above the water sample (Bq/m3). 

h: Distance from the surface of water in the sample cup to the CR-39 
detector (6.5 cm). 

t: Exposure time of the sample (74 days).,

L: Height of water sample (2.5 cm).

Annual effective radiation dose from radon ingestion of drinking water 
(Deff in mSv/y)

D
eff

=1000A
c
W

D
V              (3.4)

A
c
: Radon concentration in water (Bq/l).

W
D
: Dose conversion coefficient for adults equal to 1× 10-8 (mSv/Bq).

V: Volume of annual water consumption equal to 182.5 (L/Y) [22]   

Annual effective dose for adults from radon inhaled during water usage 
(Heff in mSv/y)

H
eff

=A*F*f*d*Q*Cw*ƛ             (3.5)

A: It is a conversion coefficient and is equal to 0.27 WL/Bq/l for 
representing the concentration of radon decay products present in one liter 
of air in terms of Working Level (WL) instead of (Bq/l). One Working Level 
(1WL) is defined as any combination of short-lived radon decay products in 
one liter of air that ultimately releases (1.3*105 MeV) of alpha energy during 
decay. Also;1 WL=3700 Bq/L =100 pCi of radon concentration in secular 
equilibrium with its daughter [22].

F: Equilibrium factor between radon and its daughters, equal to 0.3 [23]. 

f: Transfer factor of radon gas from water into air of the dwellings, equal 
to 1× 10-4 in the air per 1 Bq/L in water [24].

d: Dose conversion coefficient of radon progeny in the respiratory 
region, equal to 5 (mSv/WLM). 

Q: Quality factor for alpha particles, equal to 20. 

Cw: Radon concentration in water in (Bq/l). 

ƛ: Equivalent occupational working months per year for a member of 
the population allowing for residency time and breathing rate, equal to 18 
(M/y) [23].

RESULTS AND DISCUSSION

Radon gas concentrations from wells to tap water

Radon gas concentrations at Ayoon Al-Hammam wells

Table 1 shows the Rn concentrations in groundwater collected from the 
five wells sampling locations. Overall, Rn levels ranged from 0.6 Bq/l to 4.9 
Bq/l., with an average of 3.2 Bq/l, which doesn’t exceed the permissible level 
(11.1Bq/l) recommended by the US-Environmental Protection Agency [25].

The results show no significant differences in the replicates within each 
well, but there are significant differences between the five wells. The maximum 
radon concentration was in AF001 with a concentration of 4.9 Bq/l ±0.3 
Bq/l, while the minimum concentration was in AF005 with a concentration 
of 0.6 Bq/l ±0.1Bq/l.  The differences in radon gas concentrations between 
the wells which are located at the same type of aquifer (B2/A7) could be 
related to differences in depth between them.

As mentioned earlier, the behavior of radon in GW is very complex and 
is influenced by several factors. Hence, radon activity in GW varies spatially 
from one place to another. In general, radon activity in GW is primarily 
controlled by the distribution of uranium and radium present in the parent 
rocks [10].

Also, the quantity of dissolved radon in GW depends on many different 
factors as lithology, in this case study; the aquifer system is B2/A7 which 
is mainly composed of limestone. It is well known that limestone has low 
traces of uranium and radium. Therefore; we expect to have low radon 
concentration in the GW present in such an aquifer system and it depends 
on the characteristics of the aquifer, whether it is confined or unconfined; 
in this study the aquifer is unconfined, which allows radon to move out 
through pores (porosity is about 45%).

Radon gas concentrations of the chlorinated water at the reservoir 
The average radon gas concentration of the chlorinated water at 
the reservoir, which is fed by the five wells and chlorinated directly at 
the reservoir, was 3.8 Bq/l ±0.3 Bq/l, while the average radon 
gas concentration at the five wells is 3.2 Bq/l ±0.3 Bq/l; upon 
comparing these two values; they look roughly comparable. This may 
be explained first by the absence of vital mechanical aeration at the 
purification plant and secondly by the fact that water chlorination 
is not efficient in removing radon from water.
TABLE 1
Average radon gas concentrations at Ayoon Al-Hammam wells

Ayoon Al-
Hammam 

wells

Sample 1 
(Bq/l)

Sample 
2 (Bq/l)

Sample 3 
(Bq/l)

Average 
of wells 
samples 

(Bq/l)

Total 
average 

of the five
wells (Bq/l)

AF001 4.5 ± 0.3 5.1 ± 0.8 5.0 ± 0.6 4.9 ± 0.3
AF002 1.5 ± 0.2 1.2 ± 0.3 1.4 ± 0.2 1.4 ± 0.2
AF003 5.0 ± 0.5 4.8 ± 0.6 4.0 ± 0.5 4.6 ± 0.5 3.2 ± 0.3
AF004 4.3 ± 0.7 4.6 ± 0.9 4.4 ± 1.0 4.4 ± 0.2
AF005 0.53 ± 0.1 0.6 ± 0.2 0.7 ± 0.2 0.6 ± 0.1

Figure 4) Cross-section of the passive radon dosimeter with the water sample

(3.2)

(3.1)
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Radon gas concentrations at the three pump stations 

Table 2 shows the Rn concentrations at the three pump stations sampling 
locations. Overall, Rn levels ranged from 2.8 Bq/l to 3.4 Bq/l., with an 
average of 3.1 Bq/l, which also doesn’t exceed the permissible level (11.1Bq/l) 
recommended by the US-Environmental Protection Agency [25]. 

The results above show the maximum radon concentration at Sammou 
pump station with an average concentration of 3.4 Bq/l ± 0.1 Bq/l and 
the minimum concentration at the Tubneh pump station with an average 
concentration of 2.8 Bq/l ± 0.1Bq/l. These small differences in radon 
gas concentrations between the pump stations may be explained by the 
transportation of the water to different distances and because of the loss in 
radon gas during pumping. However, pumping the drinking water through 
the pipeline did not contribute to any significant removal of radon.

Radon gas concentration at homes tap water

Table 3 shows the average radon gas concentration at homes of the three 
different towns. The results show that the maximum value was in Sammou 
homes (2.3 Bq/l ± 0.2 Bq/l) and the minimum was in Tubneh homes (1.7 
Bq/l ± 0.3 Bq/l). These differences may be explained by different passive 
aeration in the water storage tanks by the population.

Figure 5 shows the average radon gas concentrations at the wells, 
reservoir, pumping stations, and home’s tap water.  It is obvious that 
the radon concentrations are decreasing with the distance from the source 
to the consumer, but the removal of radon, in this case, is not efficient.

Effective dose assessment

Annual effective dose from drinking water

Annual effective dose from ingestion and inhalation of radon from 
drinking water
Table 4 shows the annual effective dose from ingestion and inhalation of 
radon gas in drinking water for all samples.
The recommended Reference Dose Level (RDL) of the effective dose is 0.1 
mSv/year resulting from the consumption of drinking water (the possible 
total radioactive contamination of the annual drinking-water 
consumption) [26]. The total annual effective dose of radon is depending 
on the average radon gas concentration at the samples, so the annual 
effective dose rises within the average concentration of radon. 

The results indicate that more than 90% of the dose is attributable to 
radon in water coming from inhalation rather than ingestion. So it is 
more proper to measure radon concentration in the air rather than in 
drinking water. Therefore, controlling the inhalation pathway rather than 
ingestion is the most effective way to control radiation doses from radon 
that is exposed to reach the human body [26].

The effect of inhalation of radon gas is greater than ingesting it. The 
annual effective dose from ingestion and inhalation varied from 
(0.0011 mSv/y ± 0.0002mSv/y) and (0.0078 mSv/y ± 0.0015mSv/y) 
respectively to (0.0089 mSv/y ± 0.0005mSv/y) and (0.0714 mSv/y ± 
0.0044mSv/y) respectively, where the minimum was at(AF005) Ayoon 
Al-Hammam 5 and the maximum at(AF001) Ayoon Al-Hammam1. For 
pump stations, the minimum value of ingestion and inhalation effective 
dose was at Tubneh pump station with an average of (0.0051 mSv/y ± 
0.0004mSv/y) and (0.0408 mSv/y ± 0.0029mSv/y) respectively.

The minimum annual effective dose from ingestion and inhalation of 
radon at home tap water was at Tubneh; with an average of (0.0031 mSv/y 
± 0.0005 mSv/y) and (0.0248 mSv/y ± 0.0044 mSv/y) respectively.

Figures 6 and 7 show the annual effective dose from ingestion radon of in 
drinking water and annual effective dose from inhalation of radon during 
water usage.

Total annual effective dose from drinking water

Table 5 shows the total annual effective dose (H eff+D eff) due to both 
inhalation and ingestion for all water sample sources. The total annual 
effective dose of all water sample sources varies from (0.01 mSv/y) to (0.08 
mSv/y), which is less than the maximum recommended limit.

The recommended Reference Dose Level (RDL) of the effective dose is 0.1 
mSv/year resulting from the consumption of drinking water (the possible 
total radioactive contamination of the annual drinking-water 
consumption) [24]. Figure 8 shows the total annual effective dose of all water 
sample sources.
The results show that the total annual effective dose of all water sample 
sources was less than the maximum recommended limit of radon 
exposure. However, the most risk source was at Ayoon Al-Hammam 1 with 
an exposure of (0.0803 mSv/y) of radon gas while the safest source 
was at Tubneh village(0.0279 mSv/y) because it has the minimum annual 
effective dose.

TABLE 2
Average radon gas concentrations at the three pump stations

Location of the pump 
station Sample1 Bq/l Sample 2 (Bq/l) Sample 3 (Bq/l) Average of pumps 

samples (Bq/l)
Total average of the 3 pump  

stations (Bq/l)
Tubneh 3.0 ± 0.1 2.7 ± 0.2 2.8 ± 0.2 2.8 ± 0.1
Dair Abu Saied 3.4 ± 0.1 3.0 ± 0.2 3.0 ± 0.1 3.1 ± 0.2 3.1 ± 0.1
Sammou 3.3 ± 0.2 3.4 ± 0.1 3.4 ± 0.1 3.4 ± 0.1

TABLE 3
Average radon gas concentration levels of home tap water

Towns Average of 3 replicate 
samples  (Bq/l)

Average of 3 replicate 
samples  (Bq/l)

Average of 3 replicate 
samples  (Bq/l)

Average of 3 samples 
(Bq/l)

Total average of tap 
water (Bq/l)

Tubneh 2.0 ± 0.4 1.4 ± 0.3 1.7 ± 0.3 1.7 ± 0.3
Dair Abu Saied 2.5 ± 0.1 1.8 ± 0.1 2.0 ± 0.1 2.1 ± 0.3 2.0 ± 0.1

Sammou 2.5 ± 0.4 2.4 ± 0.2 2.1 ± 0.1 2.3 ± 0.2

Figure 5) Average radon concentrations at the wells, reservoir, pumping stations, and homes tap water

Khraisat et al.
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TABLE 4
Annual effective dose from ingestion and inhalation radon of drinking

Water source Average radon gas Concentration 
(Bq/l)

Annual effective dose from radon
ingestion of drinking water D eff

(mSv/y)

Annual effective dose from radon
inhaled during water usage Heff 

(mSv/y)
AF001 4.9 ± 0.3 0.0089 ± 0.0005 0.0714 ± 0.0044
AF002 1.4 ± 0.2 0.0025 ± 0.0004 0.0204 ± 0.0029
AF003 4.7 ± 0.5 0.0086 ± 0.0009 0.0685 ± 0.0073
AF004 4.5 ± 0.2 0.0082 ± 0.0004 0.0656 ± 0.0029
AF005 0.6 ± 0.1 0.0011 ± 0.0002 0.0078 ± 0.0015
Reservoir 3. 8 ± 0.3 0.0069 ± 0.0005 0.0554 ± 0.0044
Tubneh pump station 2.8 ± 0.2 0.0051 ± 0.0004 0.0408 ± 0.0029
Dair Abu Saied pump 
station 3.1 ± 0.2 0.0057 ± 0.0004 0.0452 ± 0.0029

Sammou pump station 3.3 ± 0.1 0.0060 ± 0.00002 0.0481 ± 0.0015
Tubneh tap water 1.7 ± 0.3 0.0031 ± 0.0005 0.0248 ± 0.0044
Dair Abu Saied tap water 2.1 ± 0.3 0.0038 ± 0.0005 0.0306 ± 0.0044
Sammou tap water 2.3 ± 0.2 0.0042 ± 0.0004 0.0335 ± 0.0029

Figure 6) Annual effective dose from ingestion radon of drinking water (mSv/y)

Figure 7) Annual effective dose from inhalation radon during water usage (mSv/y)

TABLE 5
The annual effective dose of all water sample source
Source Total annual effective dose (H eff+D eff) mS
AF001 0.0803
AF002 0.023
AF003 0.0771
AF004 0.0738
AF005 0.0098
Reservoir 0.0623
Tubneh Pump 0.0459
Dair Abu Saied Pump 0.0509
Sammou Pump 0.0541
Tubneh Homes 0.0279
Dair Abu Saied Homes 0.0344
Sammou Home 0.0377

Assessment of Radon Gas Concentration at Ayoon Al-Hammam,

alternate side
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TABLE 6
A risk factor of lung cancer from radon exposure (person per 100,000 citizens).

Source Average of Radon gas concentration (Bq/l) The risk factor of lung cancer from radon exposure
AF001 4.9 5
AF002 1.4 1
AF003 4.7 5
AF004 4.5 4
AF005 0.6 1
Reservoir 3.8 4
Tubneh pump 2.8 3
Dair Abu Saied pump 3.1 3
Sammou pump 3.3 3
Tubneh tap water 1.7 2
Dair Abu Saied tap water 2.1 2
Sammou tap water 2.3 2

Figure 8) The total annual effective dose of all water sample sources

Figure 9) The risk factor of lung cancer from Radon exposure (number of a person developing lung cancer /100, 000 citizens)

Khraisat et al.
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Estimation of the lung cancer risk factor

Table 6 and Figure 9 show the risk factor of lung cancer from radon exposure, 
and the potential numbers of the population to develop lung cancer by radon 
gas inhalation and ingestion, which ranges 1 persons-5 persons/100,000 of 
citizens.

CONCLUSION

The highest risk of lung cancer was at Ayoon Al-Hammam 1 well # 1, and 
Sammou town. However, mechanical aeration should be added to the Ayoon 
Al-Hammam water purification plant before collecting the groundwater at 
the reservoir. This step is not expensive, although it can remove radon gas, 
and greatly improve the drinking water quality.
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