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ABSTRACT

Purpose: Izmir is the province of Turkey with the highest lung cancer incidences for males, therefore a
comparative study was performed in particular districts of 1zmir in 2013. In the study, it was aimed to
assess the association between lung cancer risk and indoor radon.

Methods: Patients diagnosed with lung cancer between 2010 and 2011 were selected from the database
of the Izmir Cancer Registry (ICR). Measurements of indoor radon concentrations were performed in a
total of 117 locations using the SSNTD (Solid State Nuclear Track Detectors) method with LR-115
detectors. Indoor radon concentration measured in homes of patients with lung cancer and cancer free
group were compared statistically.

Results: The indoor Radon (222Rn) activity concentration detected ranged from 165 to 487 Bqg/m3, for
the lung cancer group, from 28 to 367 Bg/m3 for the cancer free group, with geometric means of 269
Bg/m3 and 123 Bg/m?, respectively.

Conclusion: According to the logistic regression model, as radon concentration and package/year
increased, the rate of cancer increased multiple folds. These results suggest that indoor radon levels may
contribute to higher rates of lung cancer for Izmir compared to the rest of the country, and indoor radon
levels may be a contributory factor in this phenomenon.
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INTRODUCTION

222Rn (Radon) is formed by alpha decay of ?2°Ra and
230Th, which are the decay products of 238U, and have
half-lives of 1.600 and 75.380 years, respectively.
Although the half-life is 3.82 days, radon, the only
radioactive gas in the uranium series, is permanent in
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nature, and the heaviest member of the chemically
inert gas family [1].

Because radon decay products are heavy charged
particles, energy passing through the bronchus and
cellular structure of the lung surface damages the
cells, causing them to die. The body can tolerate and
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Table 1. Descriptive statistics and p values for risk factors of case-control group (House, Age and Smoking)

Case Control t test

(Mean £Std?) (Min-Max) (Mean £Std®) (Min-Max) p-value
House” 277.06 + 69.67 165.0-487.0 132.14 £ 50.53 27.5-366.5 0.000<0.05
Age 62.46 + 8.51 50.0-87.0 60.70 + 10.62 38.0-90.0 0.000<0.05
Smoking 61.13 £26.05 2.5-110.0 23.84 +£20.92 2.5-70.0 0.323>0.05

aStandard deviation, ® Indoor radon of house

repair dying cells; however, the damaged lung tissue
cells can proliferate, and cellular defects may
eventually lead to lung cancer [2]. Recently, the
inhalation of high concentrations of radon has
emerged as a significant cause of increased risk of
lung cancer [3, 4]. Radon is classified as a known
human carcinogen by IARC (The International
Agency for Research on Cancer), and the World
Health Organization (WHO) reported that radon and
its decay products were the most important cause of
lung cancer after smoking [5].

Because of these health effects, numerous case-
control studies on indoor radon and lung cancer risk
have been conducted [6]. Some studies revealed a
positive or weakly positive relationship between lung
cancer risk and indoor radon concentrations, while
others, an inconsistent relationship. Until recently, no
case-control study has negative relationship [7].
Radon is estimated to cause between 3 and 14% of
all lung cancers, depending on the average radon
level in the country [5]. As mentioned in the previous
study, smokers are predicted to be 25 times more at
risk from radon than non-smokers. In addition,
synergistic interactions between smoking and other
factors, such as asbestos and radon were also
estimated to contribute the risk of lung cancer [8].

Izmir Cancer Registry (ICR) collects data from
various sources, particularly hospital cancer
registration units. ICR historically reported much
higher lung cancer age standardized incidence rates
(ASR) in males than in females in Izmir [9-12]. The
Male/Female ASR ratios was 13, 12 for the first series
(1993-94, 1996-2000, 1998-2002) published [9] and
diminished to 9.2, 9.0 for the following years (2003-
2007) [10, 11]. Lung cancer ASRs in males have
been the highest amongst all ASRs, while ASRs in
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females are similar to those reported by the
population-based cancer registries in the other
provinces of Turkey [10, 11]. Furthermore, in 2003-
2007, Lung Cancer ASR in males was 90.1, the
highest lung cancer ASR in the World, whilst it was
only 10.0 in females [11].

This pattern of much higher ASRs in males than in
females is compatible with the historical data on
smoking prevalence in Turkey, which have been
much higher in males [13] and a substantial amount
of the incidence might have been elucidated with the
smoking exposure. Eser et al. reported that 92.5% of
all male cancers in Izmir, and 88.3% in Turkey were
attributable to smoking [14].

Nevertheless, this much higher rate still need to be
studied to determine whether there is any contribution
to the lung cancer burden in Izmir from other possible
environmental or occupational risk factors with
synergistic effects with smoking for lung cancer.
Namely, much radon data is available for different
provinces of Turkey, and Izmir radon level higher than
mean value for Turkey (81 Bq/m3) [15-17].

Considering the importance of the subject, there is
need for a comparative study examining the
relationship between radon and lung cancer in Izmir,
Turkey. Therefore, an extensive investigation was
started in 2013, and in the present study, it was aimed
to assess the association between indoor radon and
lung cancer risk; to report the indoor radon
concentrations in lung cancer cases, and to correlate
them with three case characteristics (sex, age at
diagnosis, and smoking), and to assess the
importance of indoor radon as a risk factor for lung
cancer and cancer free groups. In this sense, our
study, which reveals potentially important results, is
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Table 2. Frequency tables for risk factors (Gender and District)

Case Control
(Frequency) (Percent, %) (Frequency) (Percent, %)
Gender:
Female 7 11.1 18 333
Male 56 88.9 36 66.7
District:
Karsiyaka 10 15.9 16 29.6
Bayrakh 16 25.4 16 29.6
Bornova 17 27.0 15 27.8
Buca 20 31.7 7 13.0

the first to explore the role of radon exposure in lung
cancer development in Izmir.

METHODS

Data Sources

Izmir province with a population of 4.367 million
(2019) is a metropolitan city in the western extremity
of Anatolia, the third most populous in Turkey, after
Istanbul and Ankara [18]. ICR is now functioning a
department of the Izmir Provincial Public Health
Directorate under the Ministry of Health. The registry
follows the international standards for abstracting and
coding the cases. It collects data from all health care
facilities in the province [9].

Constructing Groups

The database of the ICR, which includes all cancer
patients in lzmir was used. Individuals diagnosed
with lung cancer with microscopical confirmation and
recorded between 2010 and 2011 were selected for
the study. Four districts with the highest population
and patient density were chosen for the study:
Karsiyaka, Bornova, Bayrakli and Buca districts in
Izmir. The patients over 50 years old and living in the
same house for at least five years were selected for
the investigation.

In order to compare the indoor radon concentration in
patients’ homes with other homes, the study included
participants without lung cancer. While constructing
the cancer free group, individuals who lived in the
same neighborhood, in similar buildings and on
comparable storeys as the lung cancer patients were
selected to control for environmental exposures, such
as air pollution or arsenic exposure via drinking water.
Individuals over 50 years of age in the selected
houses were interviewed at home, and a survey was
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conducted. Efforts were made to match age and sex
variables with the lung cancer patient group, however
due to difficulties in recruiting participants in the near
neighborhoods, a gender difference occurred
between two groups.

117 locations were investigated, namely 26 in
Karsiyaka (10 patients-16 healthy people); 27 in Buca
(20 patients-7 healthy people); 32 in Bornova (17
patients-15 healthy people); 32 in Bayrakh (16
patients-16 healthy people). The numbers of smokers
and non-smokers were 89 and 28, simultaneously.

Measurement of Radon Concentrations

In the present study, long-term radon concentrations
in the homes of patients diagnosed with lung cancer
and others were measured by using LR 115-ll
passive track detectors (Dosirad, France). The radon
measuring device consists of a plastic cup of 7 cm
height, 7.2 cm diameter at one end, and 5 cm at the
other, in which LR-115 detector with dimensions 1.2
cm x 1.2 cm was fixed. The response of the track
detectors placed into the cup-type measuring device
was obviously determined [19]. A description of radon
measurements for the measuring instruments is
presented in another study [16]. Radon
concentrations in indoor air [Co (Bg/m?)] using the LR
115-11 was calculated by the following equation [20].

D,

CD - C/k (1)
where Do (tr cm™? d") is the net detector track density
of the radon alpha particles, and k (Bq' m® tr cm™ d-
) is the detector sensitivity coefficient, that is
calibrated.

The net track density is the difference between the
observed track density (determined by counting the
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Gender House Smoking Age District
Gender 1 0.174 (0.061)" 0.363 (0.000) -0.008 (0.929) 0.162 (0.082)
House™ 0.174 (0.061) 1 0.538 (0.000) 0.209 (0.024) 0.273 (0.003)
Smoking 0.363 (0.000) 0.538 (0.000) 1 0.325 (0.002) 0.148 (0.165)
Age -0.008 (0.929) 0.209 (0.024) 0.325 (0.002) 1 -0.103 (0.270)

District 0.162 (0.082) 0.273 (0.03)

0.148 (0.270)

-0.103 (0.270)

1

*p values are shown in parenthesis, ** Indoor radon of house

number of tracks per unit area) and background found
on unexposed material. The measured net track
density is converted into radon concentrations
(Bg/m3) using the calibration factor (0.0386 Bq™' m? tr
cm? d'). To determine the calibration factor, a set of
unexposed LR-115 detectors was installed for 1-5 d
inside a 225-liter radon calibration chamber
(equilibrium radon concentration: 3.24+0.04 kBg/m?)
at the Health Physics Department of the Cekmece
Nuclear Research and Training Centre, CNAEM,
which participated in the National Radiological
Protection Board (NRPB) of inter-comparisons (1989,
1991, 1995, 2000) [15]. The calibration chamber was
calibrated by sampling with Lucas flasks.

Assuming the validity of Poisson statistics, the
detection limit Lo is defined by Lp=2.71+3.2908 based
on the Currie criteria [21] in the case of a well-known
background track density where os is the background
standard deviation. The Minimum Detectable
Concentration (MDC) for radon corresponds to Lp
expressed in activity concentrations unit by using the
calibration factor. The corresponding MDC for radon
by using the calibration factor is estimated12 Bg/m?
for two-month exposure. The precision of the
detectors is improved by counting a relatively larger
detector area (about 100 mm?).

In this work, measurements were recorded for an
exposure period of approximately 2 months between
February-April 2013. First of all, general information
about our investigation was given to the participants.
The radon dosimeters were set up in the rooms at a
height of approximately 1.5 m from the floor and away
from open windows, doors, radiators, fans, etc.
because excessive air movement may affect the
radon concentration. To increase the reliability, radon
measuring devices were installed in bedrooms and
living rooms in each home. All investigated buildings
were constructed from reinforced concrete, fired clay
bricks and cement.
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The radon dosimeters were retrieved at the end of the
exposure period. The passive detectors were etched
in 10% NaOH solution at 60 °C for 95 min in a
constant temperature etching unit (accuracy: + 1°C).
After the etching, detectors were then washed with
distiled water and dried. The alpha tracks were
counted using a binocular research microscope at a
magpnification of 10x10. Background track density of
the unexposed detector was separately counted and
subtracted from the observed values.

Questionnaire

The questionnaire included the questions related to
the other risk factors, and detailed questions on
exposure to tobacco smoking was conducted with
both the lung cancer and cancer free groups.

Statistical Analyses

First, the descriptive statistics were performed for the
continuous risk factors, and used to compare the lung
cancer group with the cancer free group, and the
frequency tables were prepared for the discrete ones.
Later, the differences between the groups averages
for the “house”, “smoking”, and “age” variables were
examined using two samples t-test. The relations
between the risk factors were examined using the
correlation coefficient and the logistic regression
model was constructed for those factors thought to be
influential in causing cancer. Statistical analyses were
performed using SPSS (13.0).

RESULTS

In this study, for the lung cancer group, the indoor
222Rn activity concentration detected ranged from 165
to 487 Bg/m3, and for the cancer free group, from 28
to 367 Bg/m?3, with geometric means of 269 Bg/m3and
123 Bg/m3, respectively (Table 1).

The two groups were the lung cancer group,
comprised of patients diagnosed with lung cancer
(n=63), and a cancer free group (n=54). The risk
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Table 4. Logistic regression model for house and smoking variables

Ozbay T et al Indoor Radon Levels between the Lung Cancer and Cancer Free Groups

Variables Beta S.E.* Wald p-value® OR*® 95% CI for OR*
House 0.132 0.056 5.505 0.019 1.141 1.022-1.275
Smoking 0.103 0.050 4.235 0.040 1.109 1.005-1.223
Constant -28.797 12.098 5.666 0.017 0.000

2 Standard Error, ® p-value < 0.05 is significant, ¢ Odds ratio, ¢ 95% Confidence Interval for Odds Ratio

factors thought to be influential in lung cancer were
indoor radon concentration (house), package/year
(smoking), district and age variables. These factors
were recorded for the two groups. The values of
radon concentration of bedroom and living room were
also measured. However, the relation between these
variables was found statistically significant according
to Pearson correlation coefficient (r=0.887, p=0.000).
Therefore, it was decided to use the house average
concentration instead of these two variables. First,
the descriptive statistics for these risk factors are
presented in Table 1. It is observed that the in indoor
radon concentration in the lung cancer group was
higher than the cancer free group. The age variable
was homogenous in both groups. The smoking
variable, on the other hand, was higher in the lung
cancer group than the cancer free group. When the
differences between the averages of the two groups
are examined, a statistically significant difference was
found between the p values pertaining the two
samples t-test results for the indoor radon
concentration and package/year variables with a 99%
confidence interval, but not for the age variable (Table
1). As it can be seen from the frequency table, the
percentage of males in the lung cancer group was
higher than the cancer free group. When the results
are examined with reference to the districts, the lung
cancer group was smallest in Karsiyaka and largest
in Buca (Table 2). According to the Spearman
correlation coefficient, a statistically significant
difference was found between smoking, and gender,
radon and age; and between radon, and age and
district with a 95% confidence (p<0.05) (Table 3).

In the logistic regression model, which was
constructed with the risk factors thought to have
influence the development of cancer, the backward
elimination method was used from among the
variable selection methods. The significance level
was taken as 0.05. As a result of backward
elimination, the indoor radon concentration and
package/year variables remained in the logistic
regression model. The p values for the Wald test
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statistics of these variables were smaller than 0.05
and were found statistically significant with a 95%
confidence (0.019 and 0.040<0.05). The Odds Ratio
(OR) values, which indicate the risk rates for
developing cancer, were found for radon
concentration and package/year variable as 1.141
and 1.109 respectively, and since the confidence
intervals did not include the value 1, they were found
significant (Table 4). This indicates that as radon
concentration and package/year increased, the rate
of cancer increased in multiple folds. Finally, the
logistic regression model was established in non-
smokers. As a result of analysis, the indoor radon
concentration (house variable) was found as
statistically significant (Table 5) also.

DISCUSSION

Although persistent high lung cancer ASRs are
compatible with the historically high smoking
prevalence among Ilzmir males, exposure to
environmental and/or occupational risk factors might
also play a role. A comparative study was performed
in particular districts of Izmir, which has the highest
lung cancer incidences in Turkey. A statistically
comparison was made of indoor radon concentration
recorded in homes of the lung cancer and the cancer
free group. We found statistically significant elevated
ORs for high radon concentrations both in smokers
(OR=1.141 per Bg/m?®) and nonsmokers (OR=1.023
per 100 Bg/m®) for those exposed high radon
concentrations, consistent with many previous
studies on indoor radon and lung cancer risk. In a
systematic review, a relative risk of 1.44 (95 %CI 1.0-
2.1) was reported for those exposed to
concentrations higher than 140 Bg/m® compared with
these exposed to lower than 50 Bg/m?® concentrations
[22].

According to the logistic regression model, as radon
concentration and packagel/year increased, the
cancer rate increased in multiple folds. These results
suggest that indoor radon levels may contribute to
higher lung cancer rates for Izmir compared to the
rest of the country, and that indoor radon levels may
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Table 5. Logistic regression model for house variable in nonsmoker group
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Variables Beta S.E.* Wald p-value® OR*® 95% CI for OR*
House 0.023 0.010 4.874 0.027 1.023 1.003-1.044
Constant -5.962 2.164 7.591 0.006 0.003

2 Standard Error, ® p-value < 0.05 is significant, ¢ Odds ratio, ¢ 95% Confidence Interval for Odds Ratio

be a contributory factor in many lung cancer cases in
Izmir. Therefore, radon concentration should be kept
as low as possible

To our knowledge, this is the first known study related
to relationship between lung cancer and indoor radon
for small geographical areas in Turkey. Guidelines to
reduce radon entry into buildings have been
infroduced by TAEK (Turkish Atomic Energy
Authority), but further studies should be encouraged.

To conclude, the exposure to indoor radon might
increase the risk of lung cancer for smokers and non-
smokers alike. However, further research is needed
and carefully-designed case-control studies should
be conducted in order to reveal the exact magnitude
of this risk. Nevertheless, our study provides an
evidence-based support not only for the radon control
activities, but for the ongoing tobacco control
programs in the country.
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