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↑What is “already known” in this topic: 
Understanding natural background radiation level, as the major 
source of human exposure to ionizing radiation is important 
because of its impact on health. A number of studies have 
assessed natural background radiation level in many countries.   
 
→What this article adds: 

In this study, data showed that all cities in the 2 provinces of 
Hormozgan and Sistan-Bluchestan had a lower background 
radiation than the worldwide level. This study can be used as a 
reference for research design and development of regional 
surveys associated with the measurement of natural 
background radiation in the southeast of Iran.  
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Abstract 
    Background: Measuring background radiation (BR) is highly important from different perspectives, especially from that of human 
health. This study was conducted to measure BR in the southeast of Iran.  
   Methods: BR was measured in Hormozgan and Sistan-Bluchestan provinces using portable Environmental Radiation Meter Type 6-
80 detector. The average value was used to calculate the absorbed dose rate and indoor annual effective dose (AED) from BR. In 
addition, excess lifetime cancer risk (ELCR) was evaluated.  
   Results: The results showed that the maximum and minimum absorbed dose rates were 71.9 and 34.2 nGy.h-1 in Abomoosa and 
Minab in Hormozgan province and 90.0 and 47.8 nGy.h-1 in Zahedan and Chabahar in Sistan-Bluchestan province, respectively. Data 
indicated that these areas had a lower BR level compared with the worldwide level.  The ELCR from indoor AED was larger compared 
with the worldwide average of 0.29 × 10-3.  
   Conclusion: This study provided a reference for designing and developing specific regional surveys associated with the 
measurement of natural BR in the southeast of Iran. 
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Introduction 
Humans are exposed to ionizing radiation from natural 

radioactivity, but natural radioactivity sources are present 
all over the earth (1, 2). Approximately 82% of human 
absorbed radiation doses are out of control and stem from 
natural sources. Gamma radiation emitted from these 
sources (background radiations (BRs)) is due to 
substantial primordial radionuclides. The altitude, percent 
of nuclei in the soil, and the geographical conditions of 

different regions are main sources of BR fluctuation (3). 
BR measurement is one of the vital aspects of health 
physics (4, 5). The resident’s exposure dose rate is 
assessed using the outdoor and indoor dose  rates and the 
number of hours of outdoor activity (6).  

Major sources of BR fall into 3 groups: (a) cosmic, (b) 
terrestrial, and (c) cosmogenic radiations, which are 
caused by cosmic ray interactions (3). At the earth surface, 
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BRs are mainly derived from very high concentrations of 
radium and its decay product, which is brought to the 
earth’s surface by hot springs, or from high thorium 
concentrations, which are found at the travertine deposits 
(7). With regards to the presence of numerous hot springs 
in Ramsar (Iran), this area has various concentrations of 
radioactivity (7). Nevertheless, other parts of the world 
have different levels of BR such as kerala in India (8), 
Xiazhuang in China (9), and Costal red sea in Egypt (10).  

One should not overlook the fact that the geographical 
properties of an area such as latitude and altitude have a 
decisive role in the distribution of external exposure 
owing to terrestrial radiation (11, 12). In general, the BR 
dose rates from cosmic rays depend on latitude to some 
extent and on altitude to a great extent. The effect of 
latitude is due to natural charged particles from the early 
cosmic rays and the effect of Earth's magnetic field, which 
strongly absorb cosmic rays; and with the change in 
latitude, the intensity of these beams from the equator 
rises toward the poles (3, 4). 

Natural radiation is considered as the main source of 
human exposure; thus, studies on the dose from this 
source and its effects on health are of great value as a 
reference when considering standard and regulatory 
control actions on radiation protection. Interest in this type 
of study has led to many national surveys on natural 
radiation over the last decade (11, 13, 14).  

Natural radiation contributes to about 94% of people’s 
exposure in developing countries such as Iran (7). Also, 
planning to control cancer incidence and treatment 
methods in the future requires accurate information about 
BR. Thus, the program of natural radiation quantitation 
was formed by the Atomic Agency of Iran. The aim of 
this study was to investigate natural BR and provide a 
map of ambient gamma BR in Hormozgan and Sistan-
Bluchestan provinces to estimate indoor annual effective 
dose (AEDindoor) of residents in these areas. In addition, 
excess lifetime cancer risk (ELCR) associated with the 
exposure was computed for each designated location.  

 
Methods  
Hormozgan and Sistan-Bluchestan provinces are located 

in the southeast of Iran. A topographic map of both 
provinces was obtained from the Civil Engineering 
Organization of the state. A total of 9 cities in Hormozgan 
and 7 in Sistan-Bluchestan were selected to determine the 
dose rate of gamma BR. Each city was divided into 5 
main areas: north, east, west, south, and center. For each 
of the areas, we randomly selected 5 buildings and 
measured indoor BR. The city center was considered as a 
reference point for measurements; then, additional 
buildings were selected in north-south and east-west 
directions, with an appropriate distance from each other. 
The BR measurements were performed using portable 
environmental radiation meter type 6-80 detector (mini 
instrument Inc, Finland), calibrated by standard sources of 
60Co and 226Ra in Iran Atomic Energy Agency. The BR 
measurements were done by holding the detector at least 6 
meters away from any building or wall and 1 meter above 
the ground surface in flat areas to diminish their effects on 

the radiation field. For each measurement, we considered 
the total exposure time of 1 hour. The mean of the 
measurements in each building were computed and 
considered as indoor absorbed dose of that building. 
Finally, the results of this study were compared with 
world quantities. The values of the absorbed dose rate 
were used to calculate indoor AED rate considering some 
correction factors. In addition, AED from BR was 
obtained as follows (15, 16): 

AEDindoor (mSv.y-1) = Absorbed dose rate (nGy/h) × T 
(h) × 0.8 × 0.7 Sv/Gy 

where AED is the annual effective dose (mSv.y-1) and T 
the time converter from hour to year (8760h). The AED 
was determined using the indoor occupancy factor of 0.8. 
The occupancy factor is defined as the proportion of the 
total time during which an individual is exposed to a 
radiation field. The dose conversion coefficient used was 
0.7 Sv/Gy to convert the absorbed dose in air to the 
effective dose in humans, as reported by UNSCEAR 2000 
(17).  

The ELCR was calculated using the following formula: 
ELCR = AED × DL × RF 
where AED is annual effective dose, DL the average 

lifespan (70 years), and RF the risk factor (Sv-1), showing 
the fatal cancer risk per Sievert. For stochastic effects 
from low-dose BR, ICRP 103 suggested the value of 
0.057 for public exposure (ICRP, 2007). 

 
Results  
The results of absorbed dose rate of gamma BR in air 

and corresponding AED rates are presented in Table 1 for 
Hormozgan and Sistan-Bluchestan provinces. For each 
selected area, mean ± standard deviation (SD) of the 
measurements was calculated. According to Table 1, the 
maximum and minimum absorbed dose rates were 71.9 
and 34.2 nGy.h-1 in Abomoosa and Minab in Hormozgan 
province and 90.0 and 47.8 nGy.y-1 in Zahedan and 
Chabahar in Sistan-Bluchestan province, respectively. 
Excess average lifetime cancer risk in Hormozgan and 
Sistan-Bluchestan province was 0.81 × 10-3 and 1.3 × 10-3, 
respectively.  

 
Discussion  
Based on the findings of this study, the interaction of 

ionizing radiation with tissues can cause multiple 
complications such as DNA damage and cancer (18). 
Researchers across the globe are interested in measuring 
BR (19, 20). Many researchers have widely used BR 
quantities to investigate mean activity concentrations of 
radioactive elements such as 232Th, 238U, and 40K in the 
earth’s crust, which can be found in the following 
situations: (1)  minerals (eg, monazites and zircons) (21);  
distribution of source-rock materials (eg, elevated level of 
radionuclides) (22); radioactivity in local soil and food 
(22), distribution of nuclear mineral resources at offshore 
areas for sea floor mapping (23); the temporal variation of 
radon concentration at indoor area (24); the high level of 
natural radioactivity of granite, which is used as a building 
material (25).  

In this study, absorbed dose rates and corresponding 
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AED rates were determined for cities of Hormozgan and 
Sistan-Bluchestan provinces. As presented in Table 1, the 
mean indoor AED from BR in all cities of Hormozgan and 
Sistan-Bluchestan provinces were lower than the 
worldwide mean of the AED of 0.48 mSv reported by 
UNSCEAR (17). Thus, it can be reasonably argued that 
this level of effective dose does not impose considerable 
health problems to the residents. A study by Ajayi et al 
reported that the average radiation dose rate in some parts 
of Nigeria is 0.53 mSv.y-1 (26). In Egypt, Har b et al 
measured the natural BR level and found it to be 0.05 
mSv.y-1 (10). In another study, El-Taher et al from Egypt 
reported the dose rate from environmental radioactivity to 
be 0.39 mSv.y-1 (27). Recently, Monica et al evaluated the 
mean indoor AED along the coastal region of Neendakara 
panchayath, Kelara, and reported it to be 7.56 mSv.y-1 

(28).  
With regards to the geographical properties, the level of 

BR was low in the cities of Hormozgan province. In this 
study, the AED of BR was higher than other cities of this 
province in Zahedan, Saravan, and Khash in Sistan-
Bluchestan province. However, these values were lower 
than the worldwide mean value of 0.48 mSv reported by 
UNSCEAR in 2000 (17). These variations are due to 
effects of altitude, latitude, and distribution of 
radionuclides on BR measurements. Thus, it can be 
gathered that altitude and latitude are 2 determining 
factors for BR levels (4, 29, 30). 

In this study, lifetime cancer risks were computed from 
the AED values to evaluate the radiological risk. The 
ELCR calculated from indoor AED in all cities ranged 
from 0.64 × 10-3 to 1.76 × 10-3. These values were higher 
than the world average of ELCR of 0.29 × 10-3; therefore, 
further studies will be required to confirm these results.  

Previous studies have found a linear function between 
altitude and AED from BR (31, 32).  The altitude 
parameter has a crucial role in contribution percentage of 
directly-ionizing particles (eg, electron, proton, and alpha) 
and photon and neutron components in cosmic rays. At 
low-altitude regions, the neutron component of the cosmic 

ray cannot penetrate deeply into the atmosphere to reach 
the ground. Neutrons reach their maximum dose at the 
altitude of 10-20 Km above the ground and reduce rapidly 
to small amounts at sea levels (33). Goldhagen et al (34) 
measured the neutron flux and its contribution to the total 
effective dose at high altitude regions. They reported that 
at high altitude regions, neutrons with energies > 10 MeV 
contribute to the 24% of the total fluence rate, 38%-39% 
of ambient equivalent dose, and 68%-70% of the effective 
dose rates.  

Also, the directly-ionizing components of the cosmic 
ray are more attenuated at lower altitudes due to 
attenuation effects of atmosphere layers. It is well 
established that as altitude of the region is continuing to 
decrease, the level of BR diminishes concurrently (34). 
Also, the thin layer of atmosphere and distribution of 
radionuclides in the higher altitude regions can cause an 
increase in human exposure. Furthermore, geomagnetic 
fields result in attenuation of directly-ionizing component 
of cosmic rays by deflecting low-momentum charged 
particles back into space (34). The findings of this study 
indicated that Zahedan, Saravan, and Khash in Sistan-
Bluchestan province had relatively high BR, which can be 
attributed to their high altitude. Another reason can be 
magnetic highlands in these areas and existence of 
radionuclides around the mountain ranges. However, more 
research should be done to investigate this topic by 
gamma spectrometry of soil samples of this region. 

 
Conclusion 
In conclusion, the aim of this study was to measure BR 

to compare its level with worldwide data. The results 
obtained indicated that the study areas had a lower BR 
level than the worldwide value. This study can be a 
valuable and useful reference for research design and 
development of a regional surveys associated with the 
measurement of natural BR in the southeast of Iran. These 
data can be used for biological studies such as cancer 
incidence and hematological studies.  

 

Table 1. Absorbed dose rate (nSv.h-1), annual effective dose (mSv.year-1), and excess lifetime cancer risk (ELCR) at the locations 
City Absorbed dose rate (nGy.h-1)

Mean ± SD 
Effective dose rate (mSv.y-1)

Mean ± SD 
ELCR × 10-3

Hormozgan province 
Bandar Abbas 35.0 ± 2.3 0.17 ± 0.01 0.67 
Minab 34.2 ± 0.8 0.16 ± 0.04 0.64 
Qeshm 34.4 ± 4.9 0.17 ± 0.02 0.67 
Roodan 41.4 ± 7.2 0.20 ± 0.03 0.80 
Abomoosa 71.9 ± 35.9 0.35 ± 0.17 1.40 
Hagiabad 45.4 ± 1.8 0.22 ± 0.01 0.88 
Lenkeh 57.2 ± 12.9 0.28 ± 0.06 1.11 
Bastak 58.1 ± 9.9 0.28 ± 0.05 1.11 
Jask 35.2 ± 3.1 0.17 ± 0.01 0.67 
Sistan-Bluchestan province 
Zabol 54.0 ± 13.6 0.26 ± 0.07 1.04 
Zahedan 90.0 ± 11.0 0.44 ± 0.05 1.76 
Khash 81.4 ± 11.5 0.40 ± 0.05 1.60 
Saravan 79.0 ± 6.5 0.40 ± 0.03 1.60 
Iranshahr 49.2 ± 5.4 0.24 ± 0.03 0.96 
Nikshahr 64.0 ± 3.9 0.31 ± 0.02 1.23 
Chabahar 47.8 ± 8.9 0.23 ± 0.04 0.92 
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