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ABSTRACT

During a summer season of 2003, the atmospheric concentrations of radon
gas were measured indoor every one-hour for twenty-four hour measurements in
some selected areas, using Pylon-AB4. Two hundreds and forty samples were
monitored to determine the concentration of radon gas at each location using high-
efficiency Lucas type continuous passive cell. The average values of radon gas
concentration were taken in three time intervals 6.00:18.00, 18.00:6.00 and whole
day. The average values of indoor radon gas of two locations using three time
intervals were 4.82±0.63, 9±0.71 and 6.9±0.33 and 9.6±0.23, 11.82±0.42 and
9.37:1:0.7 Bq/m3/h. respectively. The exposure levels were within the ICRP and
EPA recommendations.
Key words: Radon, Passive cell.

INTRODUCTION

Radionuclides are found in air, water and soil, and ;tdditionally in us, being that we are
products of our environment. Every day, we ingest/inhale nuclides in the air we breathe, in the
food we eat and the water we drink.

Radioactivity is common in the rocks and soil that makes up our planet, in the water
and oceans, and even in our building materials and homes. It is just everywhere. There is no
where on Earth that you can get away from Natural Radioactivity.

The presence of primordial radionuclides in human habitats (U, Th, K radioactive
series), cosmic radiation permeating the Earth ( particles and neutrons) and the cosmogenic
radionuclides such as H-3, C-14 and Be-7 continuously generates radionuclides and is a
source of prolonged exposure. This exposure eventually came to be loosely described as:
natural". Over the course of time, some aspects of human behavior, such as living in enclosed
dwellings, have generally enhanced the levels of "natural" prolonged exposure mainly due to
an increase in the exposure to some radionuclides in the progeny of the primordial chains.
Exposure to isotopes of radon in indoor air has increased due to improved insulation in
dwellings and exposure to isotopes of radium has increased owing to their presence in
building materials. In recent years, industrial development has further increased the "natural"
exposure of people by technological enhancing the concentrations of radionuclides in
naturally occurring radioactive materials (NORMs).Typical activities in which this occurs
include the mining and milling of ores and sands containing natural radionuclides, extractive
industries for energy production and the use of phosphate rock. Long -lived radionuclides
may also be concentrated into commodities for public consumption, particularly into building
materials, thereby becoming a source of prolonged exposure. Fig.l presents a schematic
illustration of various sources of prolonged exposure. (ICRP 2000). With the exception of
cosmic radiation, all the sources presented are generally controllable. They include a number
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of natural and artifical sources. The sum of exposures to the sources presents in a human
habitat result in an existing exposure to the individuals living there.

Radon-222 is responsible for more than 50% of the total background radiation dose
and 90 percent of the background radiation dose to the human respiratory tract (UNSCEAR,
2000). Radon-222 exposure at high levels produces biological changes that are postulated to
be important during the process of cancer induction. So the objective of this paper is to
investigate the exposure levels of indoor and outdoor radon gas concentrations in some
selected areas.

ICRP 50 (1987), have presented a simple method ;o estimate the dose from exposure
to indoor radon decay product .for a adult who is assumed to reside indoors for 6,000 hy"1 with
a constant breathing rate of 0.75 m3h"', reference dose conversion factors of 1.7x10* mSv
(Bqhm"3)"1" for the lung exposure and l.OxlO"5 mSv (Bqhm"3)"1 for the whole-body exposure.
ICRP 65 (1993) presented that 1 WL of radon progeny is equivalent to an exposure of 6.368 x
105 Bqhm"3 of Po-218, Pb-214 and Bi-214. ICRP 66 (1994) recommends a value of the
effective dose per unit exposure of short-lived radon decay products by using an
epidemiological approach. The dose conversion factor for the public is 3.9 mSv. WLM"1

while the dosimetric convention for persons at working places is 5.1 mSv WLM"1. These
values serve as important guidance data to determine if precautions in terms of radiation
protection are necessary for a given exposure situation in houses or at working places. March
and Birchali (1999) model have derived that the weighted equivalent dose to lung per WLM
is 1.5x 10" SvWLM"1. The calculation of this value based on the ICRP-66 (1994) respiratory
tract model calculation. UNSCEAR, 2000 model has evaluated the absorbed dose to basal
cells of the bronchial epithelium per unit exposure gives values in the range 5-25 nGy (Bqhm-
3)"1. The central value is estimated to be 9 nGy (Bqhm"J)"' for average indoor conditions, a
breathing rate of 0.6 m3h"', an aerosol median diameter of 100-150 nm and an unattached
fraction of 0.05. For an apportioned tissue weighting factor of 0.08 for the bronchial and
bronchiolar regions and quality factor of 20. So, the equilibrium factors of 0.4 indoors and 0.6
outdoors, occupancy and the central dose coefficient as given above, the following annual
effective doses are derived:
Indoors: R (Bqm-3) x 0.4 x 7,000h x 9 nSv (Bqhm-3)-l
Outdoors: R (Bqm-3) x 0.6 x l,760h x 9 nSv (Bqhm-3)-l

MATERIAL AND METHOD

Continuous radon gas measurement system type (Pylon AB4 model) was used for
measurement radon gas concentration. This system consists of Pylon AB4 model with ZnS
(Ag) Scintillation cell connected by photomultiplier tube and high efficiency Lucas type
continuous passive cell. The ambient air is sampled for radon in a scintillation cell after passing
through a filter that removes radon decay products and dust. As the radon in the cell decays, the
radon decays products plate out on the interior surface of the scintillation cell. Alpha particles
produced by subsequent decay, or by the initial radon decay, strike the zinc sulfide coating on
the inside of the scintillation cell, thereby producing scintillation. The light passes the Lucas
cell easily to photo-multiplier tube in the detector, which generates electrical pulses, detects the
scintillations. These pulses are processed by the detector electronics and the data are usually
stored in the memory of the monitor where results are available for recall or transmission to a
data logger or printer. The sensitivity of pylon AB4 was measured as 0.034 cpm/Bq at Pylon
Incorporation. . AB4 uses software program via keyboards. It has 2,000 intervals (84 days per
one hour intervals). RS-232, transfer cables port can connect to a continuous radon gas
monitoring device to permit remote monitoring and data analysis as shown in Fig. (2). The
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Pylon AB4 was located at height 1-1.5 meter from the floor which is equivalent to the breathing
geometry of a human body.

The continues indoor radon gas measurements were conducted for two selected areas
in Inshass and El-Minia University. The Radon gas concentration in Bq/m3 was recorded per
hour. Radon monitor was used to collect the " Rn concentration (Bq/m ) for 24 hours and
time interval for one hour measurement. Different dosimetric radon dose model
calculations are used in this paper such as ICRP 50 (1987) model, ICRP-66 (1994) model,
UNSCEAR, 2000 model and March et.al (1999) model.

RESULTS AND DISCUSSION

Tables 1 and 2 indicate that radon concentration at time interval 18:06 is higher than
that at time interval 06:18. This means the thermal gradient is periodically positive and
negative with a high positive period during the night and early morning hours, which
indicates a highly stable atmosphere. The highest activity concentrations were measured
during these hours.

Table 1. diurnal variations of 240 samples of indoor radon gas concentration, Bq/m3 at El-
Minia University of summer season of 2003.

ID#
S.No.

1
2
3
4
5
6
7
8
9
10

Mean ±SD of the
mean(a)

Time Interval
6:18
4.88
3.53
5.05
4.87
4.81
5.84
5.45
4.95
4.99
4.59

4.9± 0.60

18:6
9.50
10.03
8.75
8.40
8.70

L 8.90
8.76
7.67
9.42
9.84

9=b 0.71

Whole Day
7.19
6.78
6.90
6.64
6.76
7.37
7.11
6.31
7.21
7.22

6.95±0.33

117



Proceedings of the Environmental Physics Conference, 24-28 Feb. 2004, Minya. Egypt

Table 2 Diurnal variations of 240 samples of Indoor radon gas concentration, Bq/m3 at
Decontaminated area by Radium needles for summer season of 2003.

ID#
S.No.

1
2
3
4
5
6
7
8
9
10

Mean ±SD of the
mean(c)

Time Interval
6:18
9.40
9.15
9.27

. 9.92
9.77
9.61
9.69
9.61
9.58
9.46

9.60± 0.23

18:6
12.39
12.35
11.80
12.10
11.96
11.11
11.o5
12.02
11.60
10.85

11.80 -J: 0.50

Whole Day
10.79
10.79
10.54
11.01
10.69
10.36
10.77
10.81
10.60
10.15

10.65i-0.25

At noon and in the afternoon the air is unstable (negative thermal gradient (with low
radon concentrations. Mixing in the lower atmosphere is generally strongest at noon and during
the afternoon hours and weakest at night, with rapid changes occurring at sunrise and sunset.
Both the indoor radon concentrations at the decontaminated radium needles of the Radiation
Protection Department of the EAEA, and the Physics Department of El-Minia University were
below the intervention level, 50 Bqm"3 (Porsentendorfer, 1994). The intervention level is
defined as the minimum level of annual dose that must be averted if an intervention is to be
achieved by a specific protective action. (ICRP 2000).This value predicted for estimating the
annual exposure a mean residence probability o[ 0.8 within houses and 0.2 in the free
atmosphere, corresponding to 7000 h and 1760 h, respectively, as assumed (United Nations,
1988). Then, Porsendorfer, 1994 postulated the mean annual indoor exposure of radon
daughters is about 0.20 Working Living Month (WLM), assuming an average radon
concentration of 50 Bq m"3 in houses. Based on the physical characteristics of radon and thoron
model entry rates to buildings, ICRP estimated expected concentrations in building (ICRP 50,

-3 -31987). These ranged from 10 to 100 Bqm" for radon and 2 to 20 Bqm" for thoron in typical
circumstances (3-7 Bqm"3 for both radon and thoron in outdoor air concrete and brick building
material; a ventilation rate of 0.7h~'.

In addition to this comparison the indoor radon gas concentrations at both
decontaminated areas at Radiation Protection Department, Inshas and that at Physics
Department of El-Minia university were below a reference indoor radon gas concentration that
was measured inside a well shielded room consists of 12.5 virgin steel and lining with 3mm
lead,. The indoor radon concentration in that whole body counter was 3 Bqm"3 which in
beginning of ICRP range of radon and thoron in outdoor air (3-7 Bqm" ).

The outdoor radon gas concentration at both areas was 6 ± 0.50 and 4 ± 0.53 Bqm'3. It
means that the outdoor radon gas concentration was lower than that of the indoor. In general,
the concentrations of radon and its daughters are higher in buildings than in the open
atmosphere because of additional radon sources such as building materials and tap water in
some countries and low rates of air exchange with the open atmosphere. In contrast to the open
atmosphere, where the Rn concentration is diluted by the Rn transport in higher altitudes of the
atmosphere, the emanation in the air of buildings is enriched. Especially buildings with low
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ventilation rates sealed for saving energy have strongly increased indoor radon and radon
daughter concentrations. Indoor and Outdoor Effective dose at decontaminated area in
Radiation Protection Department, Inshas and Physics Department of Faculty of Science, El-
Minia University by using different dosimetric models: ICRP 50 (1987), ICRP 66 (1994),
UNSCEAR (2000), and that of March etal. (1999) are presented in table 3.

Table 3. Indoor and Outdoor Effective dose at decontaminated area in Radiation

Protection Department, Inshas and Physics Department of the Faculty of Science,

El-Minia University.

Location

Decontaminated
Radium needle

Area

El-Minia
University

Effective Dose (mSv) by using different dosimetric models

ICRP 50

(1987)

UNSCEAR

(2000)

ICRP 66

(1994)

March et al*

(1999)

Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor

0.225

0.166

0.04

0.06

0.236

0.174

0.04

0.057

0.164

0.121

0.03

0.04

0.615

0.176**

0.455

0.13**

0.105

0.15

*March et al model based on the working level month winch equals 0.041, 0.0303 WLM at
indoor and 0.007, 0.01 WLM respectively at outdoor Radiation Protection Department and El-
Minia University. ** The effective dose decreased by a factor of 3.5 when the actual occupancy
time used.

The estimated annual effective dose at decontaminated radium needles area is
presented in table 3. Which ranges from 0.176 to 0.236 mSv and the estimated annual effective
dose at physics student laboratory is presented in table 3 and varies from 0.13 to 0.174
mSv/year. , which are lower than the average annual dose from radon and its decay products.
Table 4 gives interpretation for this doses that presented the latest recommendation of annual
doses from natural sources. The left column in the Table presents average annual doses caused
by the global natural background. The right column presents average annual doses in areas of
typically elevated natural background exposures. The table is based on estimates of the United
Nations Scientific Committee on the Effects of Atomic Radiation (ICRP 82, 2000).

Table 4. Annual doses from natural sources.

Source of exposure

Cosmic rays
Terrestrial gamma rays
Radionuclides in the body (except radon)
Radon and its decay products
Total (rounded)

Average annual dose (mSv)

Global exposure

0.39
0.4o
0.23
1.3
2 4

Areas of typically
elevated exposures

2.0
4.3
0.6
10
~
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In relation to radon concentration in dwellings, the source-related action levels for
radon recommended by the commission correspond to a range of annual effective dose of 3-10
mSv., (ICRP 1993b). Assuming an annual occupancy of 7000 hours and an equilibrium factor
of 0.4, the corresponding rounded values of radon concentration are about 200-600
Bq/m3.These action levels relate only to simple measures and that for more severe measures,
such as the permanent removal of people from their homes, it considered that the action level
should be an order of magnitude or more higher (ICRP 1993b).

CONCLUSION

There is no conscious that one radiation dose model gives a unique and an accurate
value. The statistical fluctuation for different models gives different estimation of doses too
this study gives as basic background of radon gas levels at two selected areas.
The indoor radon gas concentration at decontaminated radium needles and that for El-Minia
University was very lower than published data, ICRP and Environmental Protection Agency,
(EPA) recommendations.
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