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Abstract
The concentration of Radon in mines varies tremendously according to the
country rock, type of mineralization and area. Ventilation is also an important factor. The absence of ventilation in mines tends to allow a higher concentration of Radon to build up. This is very dangerous for the miners work
inside. In this present work, the radon gas concentration is practically measured in closed uranium prospect mine located at Gabal (G.) Gattar. CR-39
solid state nuclear track detector technique is used. It is found that the radon
concentration is around 80 kBq m−3 and an effective ventilation rates should
be applied if there will be further works in the future.
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1. Introduction
This mine is in Gabal (the Arabic word for mountain) gattar, which is located at
about 35 km west of Hurghada city, Red Sea coast (Figure 1). It is located at the
intersection of latitude 27˚5'30"N and longitude 33˚17'5"E (Figure 2). Studying
this location refers to hosting numerous uranium occurrences namely GI and
GII [1] GIII, GIV, GV [2], GVI [3] and G VII [4]. These Uranium occurrences
are found at the northern section of G. Gattar granitic pluton and are always associated with strong alteration features such as silicification, hematitization besides kaolinitization, fluoritization, epidotization, chloritization and abundance
of manganese denderities [5] [6].
DOI: 10.4236/jasmi.2019.91001

Jan. 14, 2019

1

Journal of Analytical Sciences, Methods and Instrumentation

N. Fahmi

Figure 1. Geologic map of uranium occurrences, Gabal Gattar prospect [5].

Figure 2. Land sat image for G-II uranium occurrence [6]. Wadi (the Arabic word for
ephemeral watercourse).

This work cares about G II (the open pit at G II-occurrence, looking S) which
is localized at the western experimental uranium mine GII occurrence (Figure
3(a), Figure 3(b)). The vertical shaft at G II occurrence is shown in Figure 4.
DOI: 10.4236/jasmi.2019.91001

2

Journal of Analytical Sciences, Methods and Instrumentation

N. Fahmi

(a)

(b)

Figure 3. (a) Open pit at GII occurrence [1]. (b) General view for
mineralized shear zones of G-II uranium occurrence, looking SW,
G. Gattar area [6].

Uranium minerals and their chemical composition in GII-occurrence are
shown in Table 1.
It can be concluded that the main source of natural radioactivity is the high
concentration of naturally occurring radionuclides in this mine. The current existing radionuclides include primordial radioisotopes which are

U,

238

U and

235

Th. They are long-lived ones with long half-lives. Also, there are the secondary

232

radionuclides resulting from the decay of primordial radioisotopes. The currently existing long-lived decay series are

238

U,

235

U and

Th. They include 45

232

radioisotopes.
Uranium is the first element in a long decay series that produces radium and
radon. Uranium (in soil and water) is referred to as the parent element, and radium and radon are among daughters. Radium and radon also form daughter
elements as they decay. Radon is the only element in the series that is gas. Radon
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Figure 4. Vertical shaft at GII occurrence [1].
Table 1. The U-mineral and their chemical composition in Gabal Gattar (GII) [4].
U-mineral

Chemical composition

Uranophane and Beta-Uranophane

CaO-2UO2-2SiO3-6H2O

Kasolite

Pb(UO2)(SiO3)(OH)2

Clarkite

(Na, K, Ca, PB)2U2O7.n H2O

Zippetite

2UO3-SiO3-2 H2O

is formed by the natural radioactive decay of uranium in rock, soil, and water.
To operate this mine, the workers are exposed to radon which is, on the average, many times larger than in nature.
In this present work, the radon gas concentration is measured practically in
this closed experimental mine located at Gabal (G.). The direct object is to estimate how much ventilation is needed when it will be further activity in the mine.

2. Health Effects of Radon
Radon is an odorless, colorless, and tasteless gas. It is a daughter for the radioactive decay of the element radium. Radon is a radioactive gas; it also decays, emitting an alpha particle, and producing polonium.
Radon gas is the main reason for the lung cancer in uranium miners. They are
exposed to high levels of the gas during their work [7]. They suffer from higher
rates of lung-cancer than the general population. Studying the concentration of
radon gas in mine provides not only information on miner’s health risk, but also
behavior and assessment technique in the environment in general [8]. Lung
cancer increases with the increase of cumulative radon exposure above 3200
WLM. Table 2 summarizes the risks studied of radon exposed miners. In addition, the studies show that radon affects in a dangerous way on smokers than
non-smokers, but the difference was not statistically significant [8].
Lung cancer due to radon gas in miners is higher than in the general population
DOI: 10.4236/jasmi.2019.91001
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Table 2. Patterns of radon-related lung cancer in miners in the studies considered by the
BEIR VI Committee and the study of German uranium miners.
BEIR VIa Comittee Germanb uranium miners
ERR/WLM in baseline categoryc (%)

β

7.68

1.35

Time since exposure

θ5-14

1.00

1.00

θ15-24

0.78

1.52

θ25+

0.51

0.76

Attained age (years)

φ < 55

1.00

1.00

Φ55-64

0.57

0.80

Φ65-74

0.29

0.66

Φ75+

0.09

0.49

Radon concentration (WL)

γ < 0.5

1.00

1.00

γ0.5-1.0

0.49

0.52

γ1.0-3.0

0.37

0.36

γ3.0-5.0

0.32

0.31

γ5.0-15.0

0.17

0.25

γ15.0+

0.11

0.12

a
Source: [8]; bSource: [9]; ci.e. 5 - 14 years since exposure, attained age < 55 years, and concentration < 0.5
WL.

living on radioactive granite terrains. Radon in houses and in closed places like
mines is a very dangerous source of lung cancer.
Radon gas decays by alpha particles, which is heavy charged particle with
short range in the body and ionizing effect with matter. The principle radiation
interaction in the living cells is the reaction with water molecules and the damage occurred to the DNA; which control cellular metabolism and reproduction.
As the alpha particle has very short range in the body, so if radon gas, from
indoor air, inhaled in the lung, the alpha particle will completely lose its energy
in their tissues producing cancer hazard. So, the biological effect of these alpha
particle does not reach cells in any other organs.
Most of the radon gas enter the body by breathing into the lungs and remains
for months. The smoker’s lung is more affected by radon gas; however, the mechanism remains unclear.
Radon exposure does not cause acute health effect and there are no signs for
breathing normal level of radon gas. Health hazard due to radon increases by
increasing the exposure. Case studies also show risk of leukemia, chronic lymphocytic, myeloid leukemia and Hodgkin lymphoma are resulted from radon as
shown in Table 3 as referred to [10] [11] [12] [13].
DOI: 10.4236/jasmi.2019.91001
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Table 3. Types of epidemiological studies used to evaluate the risk of lung cancer due to radon exposure [8].
Study type

Cohort studies

Case control studies

Pooled analysis of
the cohort studies
on miners

Combined analysis
of case-control
studies

Main purpose of the
study

Method of
radon dosimetry

Major finding/conclusions

Determine the risk of
lung cancer morality
in exposed miners

Radiation exposure was
estimated using
job-exposure matrix
(JEM) which provides
exposure values for
potential alpha energy
from radon and its
progeny in working level
months (WLM)

High levels of radon exposure
were associated with increased
cancer risk.

The public/residential exposure

Determine the risk of
lung cancer in
residential setting

Year-long residential
radon levels were
measured by a-track
detectors and were used
to estimate exposure in
the 25 years prior to the
index date.

Most studies reported small
insignificant association
between residential radon
exposure and lung cancer,
some studies found negative
association.

Obtain summary estimates of
the risk of lung cancer in
radon-exposed miners using
large sample size.

A summary of the
WLM exposure was
obtained for the total
subjects using
reported exposure
levels in the
individual studies.

A summary of the WLM
exposure was obtained
for the total subjects
using reported exposure
levels in the individual
studies.

A consistent linear
relationship for cumulative
radon progeny and lung
cancer was observed in the
range of miner exposures

The general public/residential
exposure in Europe and North
America

Obtain accurate
estimates of lung
cancer risk from
residential radon
exposure by reducing
incertainity in radon
dosimetry

Available radon
measurements form
individual studies were
used to estimate radon
exposure for the total
individuals in all homes
occupied over the past
5 - 30 years.

A significant increase in risk of
lung cancer was associated
with increased radon
exposures with seemingly
linear dose-response
relationship.

Target population

Miners/occupational exposure

Mines have a special case because they have a high concentration of radon gas.
Mines characterized by a static environment with stable temperature and humidity. Types of rocks and quality of water in mine are the main parameters that
affect the radon concentration in mines.
Controlling of radon and its daughters is very important during the choice of
mining method, mine layout and planning the ventilation system. The health
hazard of high exposure to radon is a very serious problem in the mining of uranium. So, ventilation is very important to control the radon concentration which
have different results at different positions in the same mine. In addition, the
lower the atmospheric pressure, the greater rate of drawing out of radon from
the rock [14].
It is found that the hazard of lung cancer deaths is present after exposure by
50 WLM [15]. The working level month (WLM) represents the amount of radiation accumulated by working in a radon daughter concentration of 1 WL for 170
DOI: 10.4236/jasmi.2019.91001
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hours working. Ventilation and dust control have been used to reduce the risk
occupationally induced cancer from radon. All these procedures minimize the
miners’ exposure to radon gas than in the early years of mining [16]. It is the
best way to protect miners. At present, the radon level in Chinese uranium
mines has the lowest value [17]. As the ventilation is very important, many researchers are still working to improve the conditions, increase operational efficiency and reduce costs [18] [19] [20].

3. Experiments
In this present work, a series of CR-39 detectors were attached to a bottom of
stainless steel can (covered by a thin membrane to let only the radon gas enter to
the detector) and hanged up to the ceiling of the mine (=1 m from the ground
surface) in the places shown in Figure 5. Two other detectors (A and B) are located outside to determine the background or better the outside radon concentration.
The detectors were exposed for a month (30 days). They were collected and
etched in 6.25 M NaOH at 70˚C. The track number was counted using an optical
microscope attached to a CCD Camera. The track densities are converted into
radon concentrations (Bq m−3) using the calibration factor of 5.4 tracks cm−2 per
kBq h·m−3 [21]. The conversion between radon air concentration and the lung
dose received by a person is calculated by the generally accepted equivalence of
50 µSv/y per 1 Bq/m3 for miners. A, B are samples were exposed in two open air
background places out of the mine under investigation. The radon concentration
was found to be 4.81 kBq m−3 and 10.18 kBq m−3, respectively. Data are shown in
Table 4. It shows the U-concentration in ppm at the chosen points in the mine
under investigation.
This previous experimental steps were repeated in the mine after applying the
ventilation process and cleaning dust. All the detector samples recorded negligible number of tracks. It is found that the radon concentration for different places

Figure 5. The planimetric map of GII Northern Tunnel G. Gattar project with the places
of the radon gas detectors.
DOI: 10.4236/jasmi.2019.91001
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Table 4. Radon concentration in different places inside the mine.
Total
radioactivity

K (ppm)

U (ppm)

Th (ppm)

Radon concentration
(kBq m−3) (±9%)

1

1600

6.6

58

40

87.41

2

1300

6.2

43.4

36.5

75.44

3

5560

6.9

210

49

B.D.L.*

4

1700

7.1

59

41

B.D.L.*

5

2810

8.2

92.5

43.9

B.D.L*.

6

1200

6.7

36.3

41.4

54.63

*B.D.L.: Beyond Detection Limit.

inside the mine is ranging between 38 and 44 Bq/m3.
To estimate the annual effective doses, one must consider the conversion
coefficient from absorbed dose in air to effective dose and the indoor occupancy
factor. In the 2000, the UNSCEAR [22] Report, a value of 9.0 nSv h−1 per Bq m−3
was used for the conversion factor (effective dose received by adults per unit
222

Rn activity per unit of air volume), 0.4 for the equilibrium factor of

222

Rn in-

doors and 0.8 for the indoor occupancy factor. Hence, the effective dose rate indoors in units of m Sv y−1, HE, is calculated by the following formula:

H E = CRn . F.T.D

(1)

where CRn is the measured 222Rn concentration (in Bq m−3), F is the 222Rn equilibrium factor indoors (0.4), T is the indoor occupancy time (0.8 × 24h × 365.25 =
7010 hy−1), and D is the dose conversion factor (9.0 × 10−6 mSv h−1 per Bq m−3).
As an arithmetic example, for a measured 222Rn concentration of 40.0 Bq m−3 the
above formula yields an effective dose equivalent to the population which is
equal to 1.0 mSv y−1.
The average annual effective dose equivalent from different places in the mine
has been calculated using equation 1 to be 1.2 ± 0.23 mSv y−1.
By comparing these radon concentrations by values recommended by the
ICRP [23], we find that they are very high and risky for workers. Consequently,
the annual exposure and the annual effective dose are very high. Another important parameter must be considered, it is the fatality coefficient. This parameter represents the life time fatality risk; it is calculated per WLM per year. The
recommended value by ICRP for this parameter is 3 × 10−4 WLM−1 for the public
and workers [24]. This value is the life time risk from chronic occupational exposure for workers. It is considered if the scenario is a constant low-level exposure to 2 WLM per year during adulthood from 18 to 65 years [24]. These parameters were estimated based on chronic occupational exposure to the radon gas,
which is calculated usingICRP-65 [23] [24].

4. Conclusions
The radon gas concentration is studied in the uranium mine located at Gabal
Gattar uranium prospect. If this mine is on work, the radon gas is controlled by
DOI: 10.4236/jasmi.2019.91001
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applying effective ventilation. After stopping working and closing the mine, the
radon gas concentration raises to be higher than the action level of 1000 Bq m−3.
It is suggested that effective ventilation rates should be applied to reduce the radon concentration when starts working in future.
The effective ventilation is calculated as 1 m3 for each square meter of the
front of the mine. This is calculated by the exhaust air coming out at the mine
entrance.
The ventilation effect is obvious when one compares the radon concentration
in different places inside the mine and the corresponding value at the tow position A and B outside the mine.
As the work is going along, the length of the mine is gradually increasing so
that we can determine how much of air out at the entire mine front. The condition of ventilation is varied each time according to the quantity of dust aiming to
reach to the clean atmosphere to protect the miners’ health.
To be ideal as possible, ventilation system must be involved from the first step
of mine design to prevent the risk of over cost corrections. It is very useful also
to train the ventilation staff.
After all these precautions of ventilation, the mine starts to be on work, it is
found that the radon gas in the mine is reduced to realize the permissible average annual effective dose equivalent.
Finally, it can be concluded that the average annual exposure of uranium
miners have fallen to level similar to the concentration inhaled in nature.
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