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Abstract

Radon and its short-lived daughter products, leading to lung cancer, are the most significant contribu-
tion to the exposure of man to ionizing radiation from natural sources. Therefore, the present study
aimed to assess indoor radon measurements in 39 rooms of 15 health centres in Osmaniye city, Turkey
using CR-39 solid-state nuclear track detectors based on radon dosimeters. Indoor radon concentra-
tions were found to change from 8 to 108 Bq-m>. The associated radiological parameters such as the
annual effective dose and excess lifetime cancer risk were computed for staff/patient in the rooms sur-
veyed. The mean annual effective dose and excess lifetime cancer risk values were estimated to be 0.29
mSv and 1.02 x 1073, respectively. The annual computed effective doses are lower than the suggested
action level (3-10 mSv-y~"). Also, with ordinary Kriging method, by using R programing language and
quantum geographic information system, indoor radon concentration, annual effective dose, and excess
lifetime cancer risk interpolated values were recorded and mapped. The findings obtained in the current
study concerning radon levels and their variations will provide baseline values for future research
surveys.
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Introduction

Radon, a colourless, odourless, tasteless, and chem-
ically inert gas, whose half-life is 3.82d, is a naturally
occurring radioactive gas stemming from the radio-
active decay of *?°Ra, the fifth daughter of **U.
Radon and its progeny are the most important contri-
bution to human exposure to ionizing radiation from
natural sources. This contribution represents about half
of the annual effective dose (AED) equivalent to nat-
ural radiation attributable to the world mean.'®

This remarkable level of radon radiology hints the
necessity to take it under control in the residences or
workplaces since people spend a lot of time in these
buildings. Therefore, the measurement and restriction
of radon concentration in buildings are vital.” Radon is
one of the most threatening carcinogen elements, and it
is also known as the second most important of lung
cancer agent in all the cases reported.’*? It is difficult

to feel its presence with the human sensory organs.
The accumulation of Radon and its products in the
respiratory tract can be fatal; moreover, long duration
exposure to radon can pave the way for lung cancer.''
When the natural radiation-related deaths are con-
sidered, radon gets first place. According to
UNSCEAR value,! the main problem is that its gas
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Figure 1. Location of sampling areas.

can be easily inhaled. Because it is associated with lung
cancer, the study of indoor radon measurements is very
important, and even these studies contribute to create
awareness.

As far as known, few researches on radon in hos-
pitals have been conducted.'''® The objective of this
study is to examine indoor radon concentrations in
15 health facilities in Osmaniye province and its

districts (Bahge, Diizi¢i, and Kadirli) in Turkey and
to estimate the AEDs and excess lifetime cancer risks
(ELCR) depending on the concentration of radon
exposure on health staff. In this study, based on the
obtained measurements, interpolated estimations were
created for the area. It is anticipated that this study will
provide the baseline values for studies that will be con-
ducted in future.
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Table 1. The coordinates and numbers of detector placed in health centre buildings.
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Kadirli Public hospital
Family health centre — 1
Family health centre — 2

37°
37°
37°

22/00.09 "N, 36° 05'41.08 "E
22'40.97 "N, 36° 06'01.57 "E
22'14.96 "N, 36° 06'03.94 "E

Location Health centre Number of detector Coordinates
City centre Public hospital — physical medicine service 5 37° 03'03.81 "N, 36° 11'04.13 "E
Oral and dental health centre 4 37° 04'27.46 "N, 36° 14'40.90 "E
Maternity hospital 3 37° 04'56.38 "N, 36° 15'57.57 "E
Family health centre — 15 2 37° 02/19.83 "N, 36° 13'41.51 "E
Bahge Public hospital 3 37° 11'49.17 "N, 36° 34'21.80 "E
Family health centre 2 37°12°02.21 "N, 36° 34'38.10 "E
Diizigi Public hospital 3 37° 14'40.10 "N, 36° 27'40.92 "E
Public hospital out building 1 37° 14'40.10 "N, 36° 27'40.92 "E
Family health centre — 1 2 37° 15'17.27 "N, 36° 27'14.65 "E
Family health centre — 2 2 37° 14'34.07 "N, 36° 26'08.48 "E
Family health centre — 3 2 37° 13/47.50 "N, 36° 26'41.24 "E
4
2
2
2

Family health centre — 4

37°

21'52.11 "N, 36° 04'32.05 "E
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Figure 2. Frequency distribution of indoor radon concentration.
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Table 2. Statistical analysis of indoor radon
concentrations.

Variables 222Rn (Bq:m )
Mean 40
Std. error of mean 4
Median 28
Mode 15
Std. deviation 28
Variance 777
Geometric mean 33
Skewness 1.2
Kurtosis 0.4
Range 100
Minimum 8
Maximum 108
Percentiles

25 19

50 29

75 54

Experimental studies
Sampling area

The province of Osmaniye is located in the eastern
Mediterranean region of Turkey, and it is situated
between 35° 52'-36° 42" E longitudes and 36° 57'-37°
45" N latitudes. The population of the city is approxi-
mately 506,807. Mediterranean climate dominates over
the city. Summers in Osmaniye are quite hot and dry,
whereas winters are cool and very wet. The city is
divided into seven districts (Figure 1).

Indoor radon concentration
measurements

In order to perform this study, 39 dosimeters involving
CR-39 solid-state nuclear track detectors (SSNTDs),
long-term monitoring of radon concentrations, have
been placed in rooms on different floors of 15 hospitals
located in Osmaniye province, Turkey. Figure 1 shows
the locations of Osmaniye health centres surveyed.
The distribution of detectors placed in the health cen-
tres and the coordinates of these centres are given in
Table 1.

Since the number of detectors was limited, they were
not placed in all the health centres in the three districts
of Sumbas, Toprakkale, and Hasanbeyli. The placed
dosimeters remained in the health centre buildings for
a period of 90 days. All dosimeters were placed at head
height on the cupboards in the rooms on various floors

Indoor and Built Environment 26(3)
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Figure 3. Indoor radon concentration in districts.

of each health centres. Prior to the survey, information
was given to every health centre management about the
radon issue in working environments and explaining
the aim and schedule of measurements to be conducted.
Then, each hospital was visited, and by means of joint
work with the management, representative measuring
sites were selected, submitting priority to the rooms on
the ground floors since they were visited by many
people, and also to the other rooms on upper floors
but fewer in numbers.

After 90-day exposure, the CR-39 detectors were
gathered and enclosed within an aluminized plastic
bag for total isolation until they reached the laboratory.
The CR-39 detectors 10 x 10 x I mm® in size were
devised and embedded in a plastic container of 4 mm
in height, letting radon diffuse. The containers were
closed with a plastic cap so as to avoid dust accumula-
tion on the detector foils. Measurements of the
detectors were conducted by Radosys 2000 system (77
Electronica, Budapest, Hungary). The system is a
complete set allocation to the radon concentration
measurement. It comprises a Radometer-automated
microscopic image analyzer with a control computer,
track analysis software, Radopot CR-39 plastic alpha-
track detectors, and the RadoBath etching unit.
Calibration of the system was carried out by means
of RadoCal calibration package.'”'® After the irradi-
ation, etching process was carried out in 25% NaOH
solution at 90°C for 4 h for CR-39 films. The reading of
the number of alpha particle tracks per unit area on the
CR-39 detector was automatically carried out by utiliz-
ing a digital image-processing system (Radosys)."”

Results and discussions

Indoor radon measurements were surveyed in 39 rooms
of 15 major hospitals in Osmaniye city, Turkey by using
a CR-39 SSNTDs based on radon dosimeters.
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Table 3. Radiological parameters in health centre buildings.
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Location Health Centre AED (mSv) ELCR (x 107%)
City centre Public hospital — physical medicine service Minimum 0.11 0.38
Maximum 0.22 0.78
Mean 0.16 0.56
Oral and dental health centre Minimum 0.11 0.38
Maximum 0.17 0.60
Mean 0.14 0.48
Maternity hospital Minimum 0.12 0.43
Maximum 0.19 0.66
Mean 0.15 0.53
Family health centre — 15 Minimum 0.65 2.27
Maximum 0.77 2.70
Mean 0.71 2.49
Bahge Public hospital Minimum 0.12 0.43
Maximum 0.15 0.53
Mean 0.22 0.78
Family health centre Minimum 0.35 1.21
Maximum 0.54 1.89
Mean 0.45 1.55
Diizigi Public hospital Minimum 0.13 0.45
Maximum 0.33 1.16
Mean 0.22 0.76
Public hospital out building Minimum 0.11 0.38
Maximum 0.11 0.38
Mean 0.11 0.38
Family health centre — 1 Minimum 0.29 1.01
Maximum 0.40 1.41
Mean 0.35 1.21
Family health centre — 2 Minimum 0.22 0.78
Maximum 0.30 1.06
Mean 0.26 0.92
Family health centre — 3 Minimum 0.64 2.24
Maximum 0.78 2.72
Mean 0.71 2.48
Kadirli Public hospital Minimum 0.06 0.20
Maximum 0.71 2.47
Mean 0.28 0.97
Family health centre — 1 Minimum 0.14 0.50
Maximum 0.20 0.71
Mean 0.17 0.61
Family health centre — 2 Minimum 0.31 1.08
Maximum 0.41 1.44
Mean 0.36 1.26
Family health centre — 4 Minimum 0.44 1.54
Maximum 0.54 1.89
Mean 0.49 1.72
General Minimum 0.06 0.20
Maximum 0.78 2.72
Mean 0.29 1.02

AED: annual effective dose; ELCR: excess lifetime cancer risk.
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Figure 4. (a) Estimation map of indoor radon concentration. (b) Estimation map of AED. (c) Estimation map of ELCR.

The frequency distribution of radon concentrations
found by this research is shown in Figure 2.

The figure illustrates a frequency distribution similar
to a log-normal pattern. The statisticial results of
indoor radon concentration in the study are outlined
in Table 2.

Indoor radon concentrations in the study varied
from 8 to 108 Bq-m > and with an arithmetical mean
of 40Bgm™— and 33Bg:m™ as geometric mean.
The skewness and kurtosis values for frequency distri-
bution of radon concentration were found to have posi-
tive values. The positive values of the skewness
coefficients indicate that the distributions are

asymmetric with the right tail that is longer than the
left tail, and the positive value of kurtosis coefficient
indicates that distribution is higher and narrower than
normal. When the average indoor radon concentrations
for the study is compared with the other studies already
presented, the mean indoor radon concentrations
observed in this work are higher than that of Iraq
(Erbil),'® the results of which are lower than those of
Slovenia,'” Iraq (Thiqar)®® and the range of the action
level of 200-600 Bq-m >, advised by the International
Commission on Radiological Protection (ICRP)*! and
is in concordance with findings for buildings
worldwide."
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Figure 4. Continued.

The concentrations of indoor radon were found to
change from place to place. According to each district,
indoor radon concentration sampling is depicted in
Figure 3.

As shown in the figure, the highest mean activity
concentration of indoor radon was determined in the
health centre in district of Diizi¢i, and the lowest mean
concentration of indoor radon was found in the health
centre in the city centre. The mean activity of indoor
radon concentrations fell in the following order:
ground floor (mean: 49Bqm™7)> first floor (mean:
21 Bg:m ) >second floor (mean: 16Bg-m~). This
variation may be attributed to ventilation, humidity,
temperature, climatic conditions, and soil permeability
which can be better for upper floors than that of

ground floors, as upper floors were found to have
better air circulation. Most of the rooms in health
centres are naturally ventilated, that is to say by
means of operable windows. Accordingly, the radon
concentrations in the rooms can be due to the vari-
ations in ventilation conditions and air changes
between the rooms.

The AED from inhalation of radon was computed
applying equation (1)

AED =DCF x Cgp, x F x 7 (1)
where AED is the AED (mSv-y~ '), DCF is the dose
conversion factor converting radon concentration into
effective dose which is 9 x 107°Sv (Bq h m™3)~!, Cg,, is



334

Indoor and Built Environment 26(3)

(c) 1 1 1

4500000

4480000

N 25% 1073

2.0 x 1073

1.5 x 1073

1.0x 1072

0.5 x 1079

4460000
4440000 -
Y
4420000 -
X
] km
0 10 20
I I ! I I
4000000 4020000 4040000 4060000 4080000

Figure 4. Continued.

the radon concentration (Bq-m ), F is the equilibrium
factor (which is taken as 0.4), and t is the occupancy
factor (2000 h.y"). The corresponding AED values are
presented in Table 3.

The AED values ranged from 0.06 mSv-y~' to 0.78
mSv-y~! with a value of 0.29 mSv-y~'. The mean AED
value was found to be at minimum in the city centre
(0.23 mSv-y ') and was at maximum in Diizici district
(0.34 mSv-y'). The current data showed less than the
suggested action level (3-10 mSv-y~'). Therefore, the
findings have indicated that the results were safe as
far as health hazard is concerned owing to indoor
radon concentrations.

ELCR was computed based on equation (2)

ELCR = AED x DL x RF )

where AED, DL, and RF are the AED, duration of life
(70 years), and risk factor (0.05 Sv™"), respectively. The
computed ELCR values are shown in Table 3. The
ELCR values were found to be in the range of
0.20 x 107°-2.72 x 1072, with an overall average value
of 1.02x 107>, The maximum value of ELCR was
observed in the family health centre-3 in Diizigi district,
while the minimum value was found in Public Hospital
in Kadirli district.

Since the number of detectors we had was limited,
we could not deliver them to all districts, so to cover
wide area of Osmaniye population predominantly,
interpolation maps were generated with ordinary
Kriging method®>?* using R programing language®**
and quantum geographic information system (QGIS).*
This method was used to interpolate and envisage
unmeasured spots over the surveyed areas.?’*®
Interpolated estimated maps of study areas for indoor
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radon concentration, AED, and ELCR are shown in
Figure 4(a) to 4(c), respectively. These maps indicate
that there is density in indoor radon concentrations
and AED and ELCR values in the central parts of
the region, while the density decreases gradually
towards the edges of the region.

Conclusion

This study was carried out in health centres in
Osmaniye province, Turkey. Our findings should pre-
sent information about radon activity concentrations
and radiological parameters being exposed by staffs/
patients in the health centre buildings. Indoor radon
concentration values in the study area was shown to
vary from 8 to 108 Bq-m~> with a mean of 40 Bq-m>.
The radon concentrations decrease with increasing of
floor levels. Corresponding radiological parameters
have been estimated from the measured activities of
radon, using the dose coefficients proposed by the
UNSCEAR and ICRP. The mean values of AED and
ELCR computed were found to be 0.29mSv-y~' and
1.02 x 107, respectively. The findings were compared
to other works and internationally verified values. The
obtained measurements and interpolated predictions
were used to map the distribtion for the region using
with ordinary Kriging method based on R programing
language and QGIS. Throughout the findings obtained,
no health risks concerning radon activities exist for the
hospital staff and patients in studied hospitals and
health centres. The outcomes of the present study will
help future researchers to establish a baseline to deal
effectively with radiation emergencies as a safety pre-
caution for radon concentrations.
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