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ABSTRACT

This study examine the relationship between indoor radon gas exposure
and the cancer risk and housing characteristics in lung cancer risk houses (CRH)
compared to non lung cancer risk houses (NCRH). Mean radon concentrations
measured by active method were significantly higher among CRH compared to
NCRH, 9.-93 pCi/L versus 4.56 pCi/L, respectively. There was no statistically
significant diurnal variation as regards radon levels in all examined houses. Indoor
radon concentrations show statistically significance in houses with bad ventilation
(low air change rate) compared to houses with good ventilation (high air change
rate). Houses with floor material of tiles, had statistically significant higher radon
concentrations. Neither finishing wall material nor indoor gas source shows
statistically significance as regard radon levels. Radon levels > 4 pCi/L (USA
EPA action level) were statistically significance higher in bed rooms compared to
levels in living rooms. High radon concentrations were reported in lung cancer
risk houses and in houses with bad ventilation.

INTRODUCTION

Radon222 is a colorless, odorless, radioactive gas that forms from the decay of
naturally occurring Uranium238. Since Uranium238 occurs in soil and rock throughout the
world, radon exposure is universal; radon is present not only indoors but outdoors. Radon
exposure in homes is largely a result of radon-contaminated gas rising from the soil. This
makes it an unusual indoor air pollutant in that it has a natural source, (Frumkin and Jonathan,
2001). Radon escapes from the ground into the outdoor air. It is diluted to low concentrations
and is not a concern. However, radon that enters an enclosed space, such as a home, can
sometimes accumulate to high levels, (CMHC, 1997). Any home may have elevated radon
levels. Gaseous radon can enter a home through foundation cracks, openings for pipes,
wall/floor joints, chimneys, sumps, unfinished crawl spaces, and hollow, concrete block
foundations. Once inside, the gas may be trapped and accumulated, (Jeanette and Michael,
1996). Comparative risk analyses performed in the United States by numerous states and the
federal government ranked residential radon exposure as one of the most serious
environmental hazards, (Johnson, 2000). It is estimated to be the second leading cause of lung
cancer after cigarette smoking. The excess of lung cancer caused by inhalation of radon can
be detected in epidemiological studies. It has been suggested that radon may also cause other
types of cancer, for example, leukemia, (NRPB, 2000).

161



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

Within buildings, radon levels are usually highest in the basement due to its proximity
to the ground from which the radon-containing soil gas diffuses (Marcinowski et. al., 1994).
Building materials are the second source as the importance after soil for the indoor radon
level, (Cosma et. al., 2000). Certain building materials may be more "radon-tight" and may
help reduce exposure in areas where radon levels are high, (Keller et. al., 2001). Gerken stated
that the residence time constitute an important aspect of total radon exposure. Important
determinants of Indoor radon are identified, namely constant conditions such as type of house,
type of construction, year of construction, floor and type of basement, and changeable
conditions such as heating system, window insulation, and airing habits, (Gerken et. al.,
2000).

An intervention against radon exposure in homes may consist of locating homes with
high radon exposure (above 200 Bq/m3) and improving these, and protecting future houses,
(Stigum et al., 2003).

The USA Environmental Protection Agency (EPA) has recommended that remedial
action be taken for home concentrations exceeding four pCi/L and should be considered
between two pCi/L and four pCi/L Other countries have established different guidelines. In
Sweden, the recommended action level for radon mitigation corresponds to about 10 pCi/L in
existing homes, and four pCi/L for new construction while in the United Kingdom, the action
level is five pCi/L, (Lubin et al., 1994).
International Commission on Radiological Protection (ICRP), the World Health Organization
(WHO) and the International Atomic Energy Agency (IAEA) have repeatedly encouraged
countries to create programs on radon. Countries have been encouraged to, among other
things, issue advisory levels for radon in homes and workplaces, issue guidelines for locating
buildings with radon, check for radon risks prior to starting new construction, and introduce
limits for concentrations of natural radioactive elements in building materials, (Akerblom,
1999).
The objective of this work is to study the role that could be played by indoor radon gas
exposure on related health hazards and the relation of radon concentration to the building
characteristics.

SUBJECTS AND METHODS

Study Subjects:
A population-based study on residential radon and its health hazards as well as its

relation to building characteristics was conducted, where contacts of lung cancer patients were
studied. The study was done from 1/12/2001 to 31/10/2002.
Through this period 118 Egyptian houses had been visited, 23 out of them were excluded
from the study (14 houses's residents didn't fulfill the inclusion criteria and 9 houses's
residents refused to cooperate or give any information). The rest, 95 houses which included in
this study located in Greater Cairo have been physically examined and investigated
experimentally for determining radon concentration. Those houses were identified and
categorized as the following:
1) Cancer Risk Houses (CRH): 49 houses with at least one documented bronchogenic
carcinoma case either dead or alive who were chosen from cancer registry in National
Institute of Cancer, and Ain Shams University hospitals and their residents were determined.
2) Non Cancer Risk Houses (NCRH): 46 houses without any type of lung cancer cases and
their residents were determined.
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Only one resident from each house were examined and personally interviewed with a
standardized questionnaire, this resident must have the following inclusion criteria to be
eligible to enter the study:
- The most exposed resident in the house who is living in the current house for more years
than other residents but not less than 10 years and spending more time in the house during the
day than other residents.
- The most contact to the lung cancer patient (in CRH).
- Had no history of occupational exposure to known carcinogen.
- Age more than 21 years.
- Cooperative and well oriented to complete the questionnaire.

The study questionnaires included information concerning family health history,
demographics, occupational exposures, smoking history, passive smoke exposure history. It
also contain a detailed section on identified buildings characteristics which through light on
air ex-change rate, floor and finishing wall materials, floor cover and fuel types.

The radon in the 95 houses was measured in the bed room or in the living room (the
room in which the subject spent most of his time). Subjects have been classified according to
the concentration level of indoor radon into:
- Exposed to 4 pCi/L or more
- Exposed to less than 4 pCi/L, (USA EPA, 2002 and IAEA, 1996).

Radon Dosimetry:
The radon dosimetry assessment was on-site measurement of home radon gas

concentrations for each contacts of all cases of lung cancer as well as the residents in the
houses without cancer cases, a-radon detector was placed in rooms where the subject spent
most of his time. Alpha Detector was used to provide an integrated mean radon gas
measurement of residential radon gas concentrations. Determination of radon concentration
was done by active method: An air sample of radon is drawn into an alpha scintillation
chamber which consists of a 100-200 ml vial coated on the inside with silver activated ZnS
which emit light flashes when struck by alpha particles. The scintillations emitted are
measured by placing the transparent surface of the chamber in contact with a photo cathode
detector in a light-tight enclosure. Usually this count is delayed for several hours after sample
collection for equilibrium between gas and daughters to be achieved. Radon concentration is
evaluated by dividing the alpha counts found in the cell using the alpha counter over the cell
factor. The cell factor is determined using standard radon source, (Hussein and Hussein,
1996).

RESULTS

The characteristics of the study population showed that females represented 67.4%.
Among 49 cases, 26.5% were nonsmokers. There was insignificant difference between those
who smoked among cases when compared to smokers in the control population, (P = 0.282),
Table (1).

Levels of indoor radon concentrations in lung cancer risk houses did not differ
significantly when compared to non lung cancer risk houses regarding smoking pattern, (P =
0.818), Table (2).

Mean (SD) concentrations of indoor radon in cancer risk houses studied were
significantly higher, when compared to levels among non cancer risk houses, 9.93 pCi/L
(6.75) and 4.56 pCi/L (2.48); respectively, (t test = 5.21, P value < 0.001 ), (Table 3, Fig.
1&3). The total number of cancer risk houses with high levels of indoor radon, (> 4 pCi/L)

163



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

were significantly higher than non cancer risk houses, (x2—9.165, P= 0.002), when compared
to levels < 4 pCi/L, cases with concentrations of indoor radon > 4 pCi/L run a high risk of
developing cancer, (odds ratio = 3.9), Table 4, Fig. 2

There was no statistically significant diurnal variation as regards radon levels in
concentrations below or above 4 pCi/L, (x2== 0.286, P= 0.593), Table 5, Fig. 4.
Building characteristics were studied in both cases and control subjects/ environments. Indoor
radon concentrations were significantly higher in houses with bad ventilation (low air change
rate), compared to houses with good ventilation (high air change rate), (x2= -5.38, P< 0.001),
Table 6, Fig. 4.

When floor materials were compared regarding radon levels, individuals with tiles
exhibited significant high radon concentrations > 4 pCi/L when compared to indoor levels
below 4 pCi/L, (x2= 8.979, P= 0.011), Table 7.

There was insignificant difference regarding finishing wall materials between different
indoor radon levels, (x2= 3.724, P= 0.293), Table 7.

There was insignificant difference in indoor radon levels between those individuals
who used carpets, mokette or rug, ( x2= 2,67, P= 0.445), Table 7.

When indoor gas sources, either natural gas or Butagas were studied in relation to
different radon levels, there was insignificant difference, (x2= 1.989, P= 0.158), Table 7.

Measurements of indoor radon were done either in bedroom or in living room
according to individual interviews, regarding the room in which individuals were staying
most of their time. It was found that levels of radon > 4 pCi/L were significantly higher in
bed room when compared to living room, ( x2= 6.689, P= 0.01), Table 7.

Table 1. Comparison between CRH and NCRH regarding smoking habit.
Houses with
cancer cases

Houses without
cancer cases

Total (%)

Smoker 18 (36.7) 13 (28.3) 31 (32.6)
Passive smoker 9 (18.4) 10 (21.7) 19 (20)
Ex-smoker 9 (18.4) 4 (8.7) 13 (13.7)
Non smoker 13 (26.5) 19 (41.3) 32 (33.7)

Total 49 (100) 46 (100) 95 (100)
= 3.816 P value - 0.282 (Non Significant)

Table 2. Comparison between various relations lo smoking regarding radon level:
Radon level
> 4 pCi/L
no. (%)

< 4 pCi/L
no. (%)

Total

no. (%)

Smoker: 20 (32.3) 11 (33.3) 31 (32.6)
Passive smoker: 12 (194) 7 (21.2) 19 (20)

Ex-smoker: 10 (16.1) (9.1) 13 (13.7)
Non smoker: 20 (32.3) 12 (36.4) 32 (33.7)

Total: 62 (100) 33 (100) 95 (100)
"7X = 0.932 P value = 0.818 (Non Significant)
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Table 3. Comparison between CRH and NCRH regarding mean radon level:
CRH
Mean
9.93

(number =
SD
6.75

49) NCRH
Mean
4.56

(number =
SD
2.48

46) T

5.21

P value

O.001

Table 4. Comparison between CRH and NCRH regarding radon level.

CRH
NCRH
Total:

Radon level
> 4
no.
39

23
62

pCi/L
(%)
(79.6)

(50)
(65.3)

< 4 pCi/L
no. (%)
10 (20.4)

23 (50)
33 (34.7)

Total

no.
49
46
95

(%)
(100)
(100)
(100)

Xz = 9.165
Odds Ratio = 3.9

P value = 0.002 (Significant)

Table 5. Comparison between Day and night regarding radon level.

Day:
Night:
Total:

Radon level
>4
no.
41
21
62

pCi/L
(%)

(67.2)
(61.8)
(65.3)

<4
no.
20
13

33

pCi/L

(32.8)
(38.2)

(34.7)

Total

no.
61
34
95

(%)
(100)
(100)
(100)

X2 = 0.286 P value = 0.593 (Non Significant)

Table 6. The relation between the houses air change and indoor radon level.
Radon Level

> 4 pCi/L
< 4 pCi/L

Number of houses

62
33

Air Change
(Mean ± SD)
1.23 ±0.82
2.32*1.14

t-test = -5.38 P value: <0.001 (Highly significant)
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Table 7. Comparison between buildings characteristics regarding radon level.
(N.S. = Non Significance)

Floor
materials:

Tiles:
Ceramic:
Wooden
floor:
Total:
Finishing wall
materials:
Oil:
Wallpaper:
Red Bricks:
Concrete:
Total:
Floor cover
materials:
None:
Carpets:
Mokette:
Rug:
Total:
Types of fuel:

Natural Gas:
Butagas:
Total:
Types of
rooms:
Living room:
Bed room:
Total:

Radon level

>4
no.

27
9
26

62

45
15
1
1
62

23
23
16

62

32
30
62

32
30
62

pCi/L
(%)

(43.5)
(14.5)
(41.9)

(100)

(72.6)
(24.2)
(1.6)
(1.6)

(100)

(37.1)
(37.1)
(25.8)

(100)

(51.6)
(48.4)
(100)

(51.6)
(48.4)
(100)

<4
no.

10

23

33

19
12

2

33

14
9
9
1
33

22
11

33

26
7

33

pCi/L
(%)

(30.3)

(69.7)

(100)

(57.6)
(36.4)
(6.1)

(100)

(42.4)
(27.3)
(27.3)

(3)
(100)

(66.6)
(33.3)

(100)

(78.8)
(21.2)
(100)

Total no.
(%)

37
9
49

95

64
27
3
1
95

37
32
25
1
95

54
41
95

58
37
95

(38.9)
(9.5)

(51.6)

(100)

(67.4)
(28.4)
(3.2)
(1.1)
(100)

(38.9)
(33.7)
(26.3)
(1 .1 )
(100)

(56.8)
(43.2)
(100)

(61)
(39)
(100)

X2

8.979

3.724

2.67

1.989

6.689

P value

<0.05

N.S.

N.S.

N.S.

<0.05

DISCUSSION

There is conclusive evidence from studies of underground miners occupationally
exposed to high concentrations of radon in air that the gas is a cause of lung cancer.
Extrapolation from the miners' studies to the likely effects of environmental exposure to
radon suggests that radon should be the second most important cause of lung cancer in the
general population after cigarette smoking, (Boyle P. et al., 2003).
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D Mean radon level (pCi/L)

9.93

Mean radon
level (pCi/L)

CRH NCRH

Fig. 1. Comparison between CRH and NCRH regarding mean radon level

Mean value of
air change

2.32

> 4pCi/L < 4pCi/L

Indoor radon levels
Fig. 2. The relation between air change and indoor radon levels
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Radon levels in the air are measured by units of radioactivity per volume of air. The
most common concentration unit used is picocuries per liter, (pCi/L). Back-ground outdoor
levels of radon range from near zero to over 2 pCi/L. Radon concentration may also be
expressed in units of bequerels per cubic meter (Bq/m3), (Frumkin and Jonathan, 2001).

The potential adverse health effects from radon progeny exposure prompted the
United States Environmental Protection Agency to adopt a 150 Bq/m3 (4 pCi/L) indoor action
level for radon, (Field, 2001).

This study was conducted to explore residential radon exposure as a risk factor for
various health hazards especially lung cancer and the role which could be played by the
building characteristics.

Exposure to radon is also a known cause of lung cancer in underground miners of
uranium and other ores. Thus, its presence in indoor air has raised concern that it may also be
a cause of lung cancer for the entire population, (Frumkin and Jonathan, 2001).

Our study agreed with this assumption as the total number of cancer risk houses with
high levels of indoor radon, (> 4 pCi/L) were significantly higher than non cancer risk houses,
when compared to levels < 4 pCi/L. (x2- 9.165, P= 0.002) but we still need more studies
concerning indoor radon this is due to most of Egyptian radon studies were directed to mines.

Modern buildings, clearly have a problem providing a healthy or even appropriate
indoor environment. The US Environmental Protection Agency (EPA) concedes that about
30% of new OF-renovated buildings have serious indoor air quality problems (IAQ), and ranks
IAQ as our most prominent environmental problem, (Roodman and Lenssen, 1995).

Radon has been detected in some construction materials, although this is rare.
Construction materials that are possible radon-emitters include any material made from rock
or soil that contains uranium, such as brick or building block, (Jeanette, 1996).

In our study, types of floor were analyzed in relation to different residential radon
concentrations, it was found that houses with tiles exhibited significant high radon
concentrations > 4 pCi/L when compared to indoor levels below 4 pCi/L, however finishing
wall materials did not differ significantly regarding different indoor radon levels, this also
applies to those houses which used carpets, mokelte or rug.

It was suggested that exposure assessment can be improved by considering time at
home and changes of building and ventilation conditions that affect radon concentration,
(Gerken et. al., 2000). This was confirmed in our study as indoor radon concentrations were
significantly higher in houses with bad ventilation, compared to houses with good ventilation.

It was found that levels of radon > 4 pCi/L were significantly higher in bed room
when compared to living room levels, this was confirmed in other studies where residential
radon levels in bedrooms were significantly elevated due to decrease in the rate of air change,
(Marley, 2001).

In conclusion: high radon concentrations were reported in cancer risk houses and in
houses with bad ventilation. It is recommended that radon in homes with increased
concentration should be regularly checked and ventilation characteristics of new homes
should be improved.
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