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Abstract

Background: The natural radiation, which comes from the environment, is one of the most important cancer risk sources.
Objectives: This study aimed to measure the natural background radiations (BRs) and estimate the annual effective dose (AED), as
well as the health risks in Kohgiluyeh and Boyer-Ahmad Province, Iran.

Methods: background radiations for both indoors and outdoors were measured using a Geiger-Muller detector (X5C plus) in eight
cities. Five points were chosen in each city for the BR measurements, and in each point, five stations were randomly selected and
measured.

Results: The average outdoor and indoor dose rates were obtained 136.9 + 12.5 and 149.3 + 19.8 nSv.h”, respectively. The mean AEDs
for adults, children, and infants were 0.17, 0.19, and 0.22 mSv.y” resulting from the outdoor exposure, in that order, and these values
for indoor irradiation were 0.73, 0.84, and 0.94 mSv.y”. The percentage of excess lifetime cancer risks due to indoor exposure was
4.6% for whole populations and 3% for adults. The heritable effects risk for these groups were 0.17 and 0.073%, respectively.
Conclusions: The findings of the present study indicated that the average value of BR dose rates was higher than the global value.
The reason can be due to the high exposure levels of hot springs, igneous rock, and high altitudes in Kohgiluyeh and Boyer-Ahmad
Province.
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1. Background

The natural radiation, which comes from the environ-
ment, is one of the most important sources that affect
the annually received human radiation dose (1). Although
there are lots of sources for creating radiation, such as
weapon tests and medical or agricultural use of radioiso-
topes, natural radiations are among the major contribu-
tors to human absorbed dose (2).

Ionizing radiation in nature comes from two different
main sources. Some of these radiations are produced by
natural radioactive material like 238U, 232Th, 2*2Ra, and “°K
(2, 3), which come from hot springs, igneous rocks, and
high thorium levels, which are found at the travertine de-
posits (1). The other main sources of BR are cosmic radia-
tion (primary and secondary), terrestrial, and cosmogenic
radiation (4, 5).

When primary cosmic particles (mostly protons) en-
ter the atmospheric column, they produce high energy

mesons, electrons, and other particles after interacting
with its components, and then the secondary cosmic ra-
diations will create (5, 6). Terrestrial radiation mostly re-
sults from naturally gamma rays radionuclides, and cos-
mogenic radiation presents the atmospheric reflection of
radiation from man-made and terrestrial sources (5, 7).

At the Earth’s surface, elevation, and latitude affect the
dose rate from the cosmic radiation (8). In a study by
Kowatari et al. (9), it was shown that increasing the al-
titude increased the neutron fluence as well as the dose
rate. Apart from altitude, the concentrations of radionu-
clides also depend on the geographical and geological fac-
tors and vary from place to place (10). Therefore, the geo-
graphical characteristics have a decisive role in the distri-
bution of BRs due to terrestrial radiation (8).

Natural radiation contributes to 94% of BR exposure in
some developing countries such as Iran (1). There are some
regions with high natural radiations. For example, the
presence of numerous hot springs in Ramsar (Iran) cause
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high concentrations of radioactivity in this area (1). Fur-
thermore, there are other regions in the world having high
levels of BR, such as Kerala in India, Guarapari in Brazil, Xi-
azhuang in China, and Costal red sea in Egypt (1, 11, 12).

Natural irradiations create potential risks, such as en-
hancing the probability of cancer incidence for humans
and other organisms; therefore, the BR measurement is
one of the vital aspects of health physics (13, 14). Local in-
formation about the BRs is essential for controlling cancer
incidence and treatment methods in the future.

Different types of building materials could be used for
constructing buildings. Building walls can inhibit cos-
metic and outdoor radiation. In addition, these materials
could be a source of terrestrial radiation due to their natu-
ral radionuclide components (3). Therefore the BR assess-
ment must be divided into indoor and outdoor measure-
ments (15, 16).

Several studies have reported the measurement of BR
levels to assess the population’s effective dose (1, 11, 12, 14,
17). However, as far as we are aware, there is no study inves-
tigating the BRs in Kohgiluyeh and Boyer-Ahmad Province.

2. Objectives

The purpose of this study was to quantify the ambient
gamma radiation, population effective dose,and cancerin-
cidentriskresulting from the BRs in this province. Further-
more, the relationship between the BR and altitude was
evaluated in our study based on the outdoor mean dose
rate.

3. Methods

3.1. Geography of the Study Area and Measurement Setup

Eight cities from Kohgiluyeh and Boyer-Ahmad
Province, including Yasuj, Dogonbadan, Dehdasht, Sisakht,
Basht, Choram, Likak, Landeh (Figure 1) were selected for
estimating the background gamma dose rate. A calibrated
Geiger-Muller detector (X5C plus) was used for measuring
the indoor and outdoor BRs’ doses.

All measurements were made during daylight from Oc-
tober to December 2018. Five main areas (north, east, west,
south, and center) were chosen for dose measurement in
each city. Moreover, in each main point, five stations were
randomly selected to measure the indoor and outdoor
BRs’ doses. For measuring the outdoor, the dosimeter was
set one meter above the ground surface and away from
any buildings, about six meters, to diminish the effects of
buildings on the radiation measurements. The total expo-
sure time was 30 minutes for each measurement.

3.2. AED Values and Excess Cancer Risk

The AED values (Diydoors and Doycdoors ) in terms of nSv.y™
were calculated following formula (14):

Dindoors = Din X OF x T x CC 1)

Doutdoors = Dout X OF xT x CC (2)

Where Dy, is the mean gamma absorbed indoor dose,
and Dy, is the average absorbed indoor dose (nSv.h?). OFs,
which equal to 0.8 for indoors and 0.2 for outdoors, are the
fractions of time spending. T and CCs are the time con-
verter from hour to year (8760 h) and conversion coeffi-
cients (adults: 0.7, children: 0.8, and infants: 0.9), respec-
tively (18).

The tissue weighting factors were used for obtaining
organ-effective doses based on the International Commis-
sion on Radiological Protection (ICRP) recommendation
(19). Collective effective doses were calculated by adding
organs effective doses to each other in each group of re-
lated organs. Excessive lifetime cancer incident risks and
heritable effects were obtained using Equation 3 that was
based on ICRP recommendation (19).

Health risk probability =risk coefficient x collective ef-
fective dose (3)

3.3. Data Analysis

All data were analyzed using GraphPad Prism software
version 7 (GRAPH PAD Software Inc, California, USA). All
graphical representations were performed using Graph-
Pad Prism software version 7 and Excel software.

4. Results

Table 1 represents the gamma BRs absorbed dose rates
of Kohgiluyeh and Boyer-Ahmad Province. The AED values
(indoor and outdoor) for adults, children, and infants have
been illustrated in Figure 2. It can be seen that the maxi-
mum and minimum absorbed dose rates from the outdoor
radiations were 159.2 &= 14 and 122 4- 20.1 nSv.h?, observed
in Yasuj and Landeh cities, and indoor radiations were 172
+ 20 and 121.4 + 22.9 nSv.h" belonging to Sisakht and Lan-
deh cities, respectively. The average outdoor and indoor
dose rates were 136.9 + 12.5 and 149.3 4-19.8 nSv.h™?, respec-
tively. The mean AEDs for adults, children, and infants were
0.17, 019, and 0.22 mSv.y” for the outdoor irradiation, and
0.73, 0.84, and 0.94 mSv.y” for the indoor irradiation, re-
spectively.
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Figure 1. Map of Iran with Kohgiluyeh and Boyer-Ahmad Province

Table 1. Represents the Cities Height and the Indoor and Outdoor Values of Dose Rates due to Gamma Background Radiation (nSv.h™)

City Altitude (m) Range Outdoor Mean Dose Rate + SD Range Indoor Mean Dose Rate + SD Ratio Indoors to Outdoors
Yasuj 1830 142-180 1592+ 14 145-198 169.6 + 21 1.06
Dogonbadan 725 115165 135.4 £19 122-180 146.8 £ 21 1.08
Dehdasht 806 115-147 1242113 142-185 1582 +17 1.27
Sisakht 2230 110-185 150.4 £33 160-205 172 £ 20 114
Basht 800 117-145 135.8 £10 142-150 143.8+ 4 103
Choram 740 115-148 Bl 12 112-140 126.4 £10 0.96
Likak 650 125-175 137.4 £ 21 115-185 153.8 31 111
Landeh 755 100-150 122 + 20 100-160 121.4 £ 22 0.99

Table 2 demonstrates the AEDs in some critical organs
for adults, children and infants in eight cities (mSv.y™), cal-
culated according to the factors recommended by ICRP re-
port (19). Based on Equation 3, the excess lifetime cancer
risks and heritable effects risk for the indoor exposures are
illustrated in Table 3. The excess lifetime cancer risks (aver-
aged over all cities) to whole populations and adults were
4.6 and 3%, and the heritable effects risk for the aforemen-
tioned groups were 0.17 and 0.073 %, respectively. Figure
3 indicates the correlation between the altitude and the
outdoor dose rate in the selected cities of Kohgiluyeh and
Boyer-Ahmad Province with R* = 0.659.

Ann Mil Health Sci Res. 2020;18(4):e106801.

5. Discussion

The interaction of ionizing radiation with tissues can
cause harmful effects on human health and multiple com-
plications such as DNA damages and an increase in sec-
ondary cancer risk (20, 21). Therefore, evaluations of BRs
and calculation of the resulting health risks are of great
importance. Many researchers are interested in measur-
ing BRs all over the world (1, 11-14). Several studies have in-
vestigated gamma BRs in various cities of Iran (14, 17); how-
ever, to the best of our knowledge, there is no study about
the measurement of BRs in Kohgiluyeh and Boyer-Ahmad
Province. The aim of this study was to measure the gamma-
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Figure 2. The mean = SD values of AED for adults, children, and infants resulted

from the outdoor (A) and indoor (B) BRs for eight cities (mSv.y™)

ray dose rates, AED, health risks, as well as the relationship

between the BR and altitude in the environment of this

Our measurements showed that the average outdoor
dose rate was about 136.9 £ 12.5. The UNSCEAR 2000 re-
ported various dose rate values from different countries
with an average value equal to 59 nSv.h?, with a range of 18-

province.

93 nSv.h? for outdoor exposures (18). Our results indicated
a considerably higher outdoor dose rate than the global
dose rate value, probably due to the high exposure levels

of hot springs, igneous rock, and high altitudes in these ar-

€as.

Figure 4 illustrates the average outdoor dose rates
for some cities in Iran, such as Zanjan:127, Isfahan: 137,
Oromieh: 154, Baneh: 199, Tabriz:114, Yazd: 101, Mashad:
91, Gonabad: 120, and Ramsar:1300 (measured in nSv.h?)
(14,16, 17), in addition to some cities from other countries,

Table 2. The Mean == SD Values of AED in Some Critical Organs for Adults, Children, and Infants at Eight Cities (mSv.y™)

City Bone-Marrow (red), Colon, Lung, Stomach, Breast, Reminder Tissues Gonads Bladder, Esophagus, Liver, Thyroid Bone Surface, Brain, Salivary Glands, Skin
Adults Children Infants Adults Children Infants Adults Children Infants Adults Children Infants

Yasuj 012 % 0.01 014 + 0.01 015 %+ 0.01 0.08 £ 0.00 0.09 + 0.01 0.0 £ 0.01 0.04 £ 0.00 0.04 £ 0.00 0.05 £ 0.00 0.01 1 0.00 0.01 & 0.00 0.01 1 0.00
Dogonbadan 0.10 % 0.01 0.2 % 0.01 0.3 % 0.01 0.07 % 0.00 0.08 £+ 0.01 0.09 + 0.01 0.03 = 0.00 0.04 & 0.00 0.04 £ 0.00 0.00 % 0.00 0.01 % 0.00 0.01 % 0.00
Dehdasht 0.1+ 0.01 012+ 0.01 014 £ 0.01 0.07 % 0.00 0.08 & 0.00 0.09 %+ 0.01 0.03 + 0.00 0.04 £ 0.00 0.04 £ 0.00 0.00 £ 0.00 0.01+ 0.00 0.01+ 0.00
Sisakht 012 % 0.01 014 £ 0.02 0.5 % 0.02 0.08 = 0.01 0.09 %+ 0.01 0.0 &£ 0.01 0.04 £ 0.00 0.04 £ 0.00 0.05 = 0.00 0.01= 0.00 0.01 0.00 0.01 0.00
Basht 0.10 £ 0.00 012 £ 0.00 0.3 = 0.00 0.07 £ 0.00 0.08 % 0.00 0.08 % 0.00 0.03 = 0.00 0.04 %+ 0.00 0.04 %+ 0.00 0.00 = 0.00 0.01 = 0.00 0.01 = 0.00
Choram 0.09 & 0.00 010 % 0.00 012 £ 0.01 0.06 & 0.00 0.07 % 0.00 0.08 £ 0.00 0.03 £ 0.00 0.03 £ 0.00 0.04 £ 0.00 0.00 = 0.00 0.00 = 0.00 0.01+ 0.00
Likak o1 0.02 0.2 % 0.02 014 £ 0.02 0.07 %+ 0.01 0.08 = 0.01 0.09 %+ 0.01 0.03 % 0.00 0.04 £ 0.00 0.04 £ 0.00 0.00 = 0.00 0.01+ 0.00 0.01+ 0.00
Landeh 0.09 =+ 0.01 0.10 = 0.01 0.1 = 0.02 0.06 = 0.01 0.06 = 0.01 0.07 £ 0.01 0.03 & 0.00 0.03 & 0.00 0.03 & 0.00 0.00 =+ 0.00 0.00 £ 0.00 0.00 £ 0.00
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Table 3. The Excess Lifetime Cancer Risks and Heritable Effects Risks Based on the Indoor Exposures

City Cancer Risk (%) Heritable Effects Risk (%)
Whole Adults Whole Adults
Yasuj 5.22 £ 0.64 3.40 1+ 0.41 0.19 &£ 0.02 0.083 £ 0.01
Dogonbadan 453+ 0.64 2.95+ 0.41 0.16 £ 0.02 0.072 £ 0.01
Dehdasht 4.89 + 053 3.20 £ 033 0.18 - 0.02 0.078 £ 0.008
Sisakht 5.28 & 0.64 3.44 £ 0.41 0.19 =+ 0.02 0.084 £ 0.01
Basht 4.45 4+ 0.15 2.91+ 0.08 0.16 %+ 0.01 0.071 & 0.002
Choram 3.90 + 033 2,54 +0.20 0.14 = 0.01 0.062 = 0.005
Likak 473+ 0.99 3.07 + 0.66 0.17 £ 0.04 0.075 %+ 0.016
Landeh 3.76 & 0.70 2.46 £+ 0.45 0.14 + 0.03 0.06 & 0.011
Mean 4.60 £ 0.58 3.00 £ 037 0.7 £ 0.02 0.073 & 0.009
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Figure 3. The correlation between the altitude and the outdoor mean dose rate in the selected cities

for instance, Kerala (India): 446.6 nSv.h? (11), Xiazhuang 4, the mean outdoor dose rate of the province is higher
(China): 69.6 nSv.h (22), Rio Grande Do Norte (Brazil): 71 than the other cities of Iran, except Ramsar, Oromieh, and
nSv.h? (23), and Costal red (Egypt): 62.2 nSv.h? (12),in com-  Baneh. Furthermore, it is higher than the selected foreign
parison with the Kohgiluyeh and Boyer-Ahmad Province  cities, except Kerala.

and UNSCEAR 2000 dose rate values. Regarding Figure

Ann Mil Health Sci Res. 2020;18(4):e106801.

Regarding our results, the average indoor dose rate
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Figure 4. The average dose rates of outdoor BRs for some cities compared to Kohgiluyeh and Boyer-Ahmad Province

(149.3 +19.8 nSv.h™") showed significantly high values com-
pared with those reported by UNSCEAR 2000 with a mean
of 84 nSv.h™ in the range of 20-200 nSv.h™. The mean indoor
dose rate value for some countries such as Italy, Spain, and
Sweden were 105,110,110 nSv.h”, respectively (18), which are
lower than our investigated province. Higher indoor dose
rates depended on the type of building materials and also
probably on the wider use of stone or masonry materials
(24, 25).

The collective AEDs (indoor and outdoor) for the three
groups, including adults, children, and infants, were 0.9,
1.03, and 1.16 mSv.y’, respectively, which were higher than
the worldwide mean value (0.48 mSv.y")(18), so it is notice-
able that due to the potential health risks, it will be a good
idea to conduct epidemiological research studies on BRs
related to health problems for the local/indigenous popu-
lation in the three groups in this province.

Table 2 demonstrates the AEDs for some critical organs.
It is clear that the risk of cancer incidence in Yasuj and
Sisakht cities is higher than in the rest of the cities. More-
over, Table 3 shows that the higher values of the excess life-
time cancer risks and heritable effects risk for the indoor
exposures belong to Yasuj and Sisakht cities because these

cities have higher outdoor and indoor dose rates, respec-
tively.

The variation of BR measurements is affected by alti-
tude, latitude, and distribution of radionuclides (13, 26).
Also, there are some studies that have shown that there is
a linear correlation between the altitude and the AED val-
ues of BR (26, 27). We investigated the correlation between
the altitude and the outdoor dose rate because the indoor
dose rates can be affected by different shields around the
houses. In the current study, the R* between the altitude
and the outdoor dose rate was 0.659 (Figure 3). Kowatari
etal. (9), expressed that the neutron fluence and dose rate
were related to the altitude, which means the dose rate in-
creased with increasing height. Also, they showed this rela-
tion in an exponential curve. In another study, Goldhagen
et al. (23) simulated and measured the neutrons’ energy
spectrum of cosmic-ray induced aboard a high-altitude air-
plane. They reported that high altitude has the dominant
variable affecting neutron fluence rate. Hence altitude has
a crucial role in the contribution percentage of direct ion-
ization (such as electron and alpha) (28). The high correla-
tion between the altitude and BR in our study may be due
to the higher existence of radionuclides in the mountain

Ann Mil Health Sci Res. 2020;18(4):e106801.
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ranges and also the fact that increasing the altitude leads
to higher cosmicrays because the atmosphere is thinner in
places with higher altitudes. As future research, it is sug-
gested that more research should be done to investigate
this topic by gamma spectrometry of soil samples of this
region in different months.

5.1. Conclusion

Given the findings of the current study, the obtained
BR dose rates were considerably higher than the global
dose rate value. This can be due to the high exposure lev-
els of hot springs, igneous rock, and high altitudes. The
present study can provide a valuable reference for the de-
sign and development of specific regional surveys related
to the measurement of natural BRin the southwest of Iran.
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