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Abstract 
Concentration of natural radioactive materials, especially available 
U238, Ra226, Th232, and K40 in construction materials and soil, as well as 
absorb dose from cosmic rays, is the most important source of the 
people for effective doses from the environment radiation . In order to 
evaluate external effective dose, it has been carried out more than 
1000 measurements in 36 cities by sensitive dosimeters to 
environmental gamma radiation for indoor and outdoor conditions in 
residential areas; which its results show that range of gamma exposure 
for inside of buildings in Iran is 8.7-20.5µR/h, and outdoor 
environments of different cities is 7.9-20.6µR/h, which their mean value 
are 14.33 and 12.62 µR/h respectively. Meanwhile, it has been 
estimated that beam-absorbing ratio between indoor and outdoor in 
measured environments is 1.55, except contribution of cosmic rays . 
This studies show that average effective dose for each Iranian person 
from environmental gamma is 96.9nSv/h, and annually effective dose 
for every person is 0.848mSv.  
1-Introduction. 
More than 90% of received radiation doses to human body are resulted 
from natural radiation sources. These due to cosmic rays (cosmogenic 
cosmic rays), which they are entered from out of atmosphere to the 
earth, and also they are resulted by available radionuclides in the 
earth’s crust (primodiale radionuclide) and building materials. 
Therefore, environmental radiation sources are main cause for the 
effective radiation doses by people , and a few percentage of received 
dose is resulted by developing industry and medical process . 
Cosmic rays include 85% Proton, 14% alpha particles, and 1% nuclides  
with approximately high atomic number, which they can have galaxy or 
sunny origins. These beams produce neutrons, protons, pions, and ….  . 
In low heights, most of absorbed dose amount is resulted by mions 
which they are decomposited to charge  pions,  
In addition to radioactive materials with cosmic original, there are 
another important group of radioactive elements in the earth’s crust, 
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which they are called Primary Radionuclides. Date of these 
radionuclides back to making the earth, and because of their long half 
life they are activate. And most important elements for natural 
radiation exposure in this respect are due to  U238, Th232, and K40 
chains.    
These radiation sources, expose human body through external and 
internal ways . Because of entering some gas natural radioactive 
materials such as Radon, Toron to body, and available radioactive 
elements in alive tissue such as potassium-40, Robidium-87, 67% of 
absorb dose is from internally. Also, external radiation sources in 
environment, determine that effective dose in this case is 33% of total . 
In order to continue and complete carried out researches, National 
Radiation Protection Department(NRPD)  in Iran carried out exclusive 
studies about measuring resulted gamma from natural external sources 
, in indoor and outdoor of residential buildings and calculation annual 
effective absorbed dose of Iranian people.  
External radiation dose country map in different cities and identifying 
external annual effective absorbed dose of Iranian people , are the 
main aim of the research which they are as the following. 
2- Materials  and Methods 
In this study , it has been used from following active )1-RSS-112 Reuter 
stokes ionization chamber 2- SAPOS-90M as environmental dosimeter ; 
3-Environmental TLD dosimeter . 
The above-mentioned methods are developed environmental dosimeters 
which they are very sensitive to energy range of radiated gamma 
beams from natural resources. 
RSS-112 
This system is sensitive ion chamber detector with 8 liter sensitive 
volume  for identifying gamma natural radiation . Ion making capacity 
of this dosimeter has been filled by pure Argon under pressure 25atm, 
and it has been identified for two ranges 0-10R/h and 0-100mR/h.  
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Fig.1:RSS-112 Energy  response 

Calibration, as well as sensitivity of dosimeter RSS-112 has been made  
by locating sensitive volume inside a specified source of  Co60 with 
1MBq activity . This dosimeter has two sensitive detector to gamma 
radiation which it has been designed for ranges 0-10R/h and 0-
100mR/h. 
SAPOS-90M 
This is special system for control atmosphere pollution against nuclear 
contaminations and also providing network monitoring for measuring 
gamma radiation in environment. 
Detector type of dosimeter SAPOS-90M is Geiger-muller and includes 
three tubes, which each of them are sensitive to a specific range of 
radiation energy. By using this system, it can be measured beams 
between 1µR/h to 10R/h in range of 0.1-1.5MeV. 
Dosimeter SAPOS-90M has been calibrated by Co60 sources. This system 
can be joined to printer and show information per 100s, 1000s, and 
24hours. Meanwhile, warning system of the dosimeter can show 
immediately, if it is increased from normal level. 
Environmental TLDs: 
In this study we used TLD dosimeters are CaF2:Dy. As these dosimeters 
are used in open and closed natural environments, they must have high 
sensitivity, low leak, good resistance against heat, moisture, and other 
environmental factors, and un-sensitive to light. It is used from lead 
and copper filters for protection  to disturbant radiation . 
This environmental TLDs have been calibrated by Co60 in Iran Atomic 
Energy organization. The following curve shows reaction of TLD 
environmental dosimeter to energy with and without filter. 
3-Findings 
In this part, it has been shown results of studies and measurements of 
gamma natural radiation , in order to identify absorb dose of Iranian 
people in indoor and outdoor environments of residential buildings in 
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different cities. In table 1, it has been shown related information to the 
measurements of radiation exposure in indoor and outdoor in crowded 
areas, frequency of absorb dose distribution by considering to 
population,  hour effective dose  for every person, and share of cosmic 
radiation in each area in indoor and outdoor. After that, it has been 
shown Iran map gamma effective absorb dose. 
In most of countries, it has been evaluated ratio of indoor to outdoor 
gamma exposure rate for terrestrial radiation, which its results, as 
well as results of the research has been identified in figure-1.  
According to carried out evaluation in this research, Iran with 1.55 is 
placed near Italy and Hungary, and near the average line. This ratio for 
wood buildings in Roodsar, north of Iran, is 0.82. This ratio shows that 
wood materials have low radiation exposure, related to by construction 
building materials and also they are as protective against outdoor 
radiation exposure. 
In the measurements, we suppose that: 
1-Detectors are placed in 1m higher than surface. 
2-Detectors are placed in 1m from walls, in indoor.  
3-Distance between detectors and walls and buildings in outdoor 
measurement was enough(at least 6m). 
4-Measurment places are selected randomly. 
As most of people spend 80% of their time in indoor and 20% in outdoor 
environments, so it has been used from occupancy factor for calculating 
beam absorbing(0.8 and 0.2 for indoor and outdoor places respectively, 
UNSCER, 1998).we used conversion factors 0.7Sv/Gy and 1Sv/Gy for 
convert of absorb dose in air to effective absorb dose in tissue for 
terrestrial cosmic gamma radiation . In order to calculate individual 
effective dose it has been supposed that 67% and 33% of people are 
living in brick and concrete houses respectively 
 

Table-1 
Share of Cosmic 

Rays  
Frequency 

of  
  

Cities  
 

Indoor 
Exposure 

rate 
(mR/h)  

 
Outdoor  
Exposure 

rate 
(mR/h) 

Indoor 
(mR/h)

Outdoor
(mR/h) 

Population 
Distribution 

Effective 
dose (µSv/h) 

Tupe  
of  

Dosimeters
***  

Astara  13.2±1.2 12±1.5 1.53 3/82 0.24 89.01 R 
Tehran  15.5±2.7 12.6±2.6 2.23 5.7 28.24 93.7 T,S,R 
Semnan   14.5±1.1 12.8±1.8 2.24 5.59 0.47 93.72 T 
Zahedan  14.9±1.4 13.1±1.5 2.28 5.7 1.41 93.50 R 
Roodbar  14.7±1.4 12.9±1.5 1.63 3.9 0.55 92.41 R 
Shiraz  15.2±2.7 13.5±2.2 2.38 5.95 4.88 96.51 T,S 

Kermanshah  15±2.1 14.5±1.2 2.1 5.32 3.77 97.85 S 
Esfahan  15.6±1.9 13.6±1.4 2.82 5.38 6.17 98.71 T,S  
Ghazvin  15.3±1.8 14.3±1.6 2.1 5.24 2.88 98.97 R 
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Anzalee 15.4±1.1 13.9±1.3 1.53 3.82 0.49 97.04 R 
Miyane  15.5±2.1 13.4±1.7 2.6 5.16 1.28 99.84 R 

Sanandaj  16.1±1.2 15.6±2 2.3 5.76 1.79 105.13 R 
Zanjan  16.1±1.6 14.7±1.3 2.1 5.38 1.99 103.25 R 

Oroomiyeh  16.2±2.2 14.9±1.2 2.1 5.3 2.38 105.15 R 
Yazad  16.9±1.3 14.5±1.2 2.2 5.5 1.36 107.34 T,S 

Ardebil   17.5±1.2 20.6±1.3 2.14 5.34 2.14 117.48 R 
Bandar Abas 10.5±1.5 8.7±1.2 1.53 3.84 1.49 59.50 R 
Chabahar  9.1±1.1 8.2±1.1 1.53 3.82 0.62 57.13 R 
Booshehr   9.6±1 8±1.1 1.53 3.82 0.68 61.63 T,S  

Ahvaz  11.1±1.9 8.3±1 1.53 3.82 3.83 69.3 R 
Noor  11.6±1.1 9.4±1.2 1.53 3.82 0.34 73.57 R 

Langerood  11.7±1.1 10.3±0.9 1.53 3.82 0.48 74.65 S 
Behshahr  11.6±1.4 10.2±1.4 1.53 3.82 0.95 75.02 S 

Ghaemshaher 12±1.4 9.8±1 1.53 3.82 1.23 75.5 R 
Roodsar   12.2±1.3 10.5±1.1 1.53 3.82 0.88 77.33 R 
Novshahr   12.8±1.3 10.7±1.1 1.53 3.82 0.9 80.49 R 

Amool   13.1±1.9 11.3±1.1 1.56 3.9 1.46 82.68 R 
Gorgan   13.4±1.2 10.6±1 1.56 3.9 1.53 83.29 R 
Saree   13.5±1.2 10.8±1.3 1.53 3.82 1.61 84.02 R 
Rasht   13.5±1.1 10.5±0.9 1.53 3.82 2.68 83.65 R 

Lahijan   13.6±1.1 10.7±1.1 1.53 3.82 0.96 84.38 R 
Saveh   13.9±1.5 12.8±1.1 3.2 5.26 0.79 90.34 R 

Mashhad  17.9±1.9 14.5±1.1 1.98 4.96 8.84 109.43 T,S 
Tabriz  18.5±2.7 15.6±1.8 2.1 5.24 5.77 116.12 S 

Ghorveh  21.1±1.8 19.8±1.6 3.7 5.78 0.76 133.99 R 
Hamadan  21.5±1.7 18.4±2.1 3.6 6.6 4.16 138.08 S 
Mashhad  17.9±1.9 14.5±1.1 1.98 4.96 8.84 109.43 R 
Average  14.6±2.6 12.6±2.9  1.92 4.65  96.93±18.15  

***Type of dosimeter :    T:TLD           S:SAPOS 90M            R:RSS-112 
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Fig-2 

 
Fig-3 

 
Fig-4   
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Fig-5 Gamma Exposure Rate in indoor and Outdoor and average value 

 
Fig-6External gamma  Effective Doses received by people in different 

cities  

 
Fig-7 Population –Weight distribution of natural gamma effective dose 

rate in Iran  
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Map of gamma effective Radiation absorb dose- IRAN  

 
4-Results and Discussion 
Related findings about direct measurements which they have been 
resulted in large cities, show that range of absorbed dose in air are 
62.3-164.2nG/h and 35.4- 132.4nG/h in indoor and outdoor of building 
respectively, this is without considering to distribution of cosmic rays. 
UNSCER has reported change range of  gamma absorbed doe for indoor 
and outdoor of buildings 20-190nG/h and 26-160nG/h respectively. 
According to report of the committee, average absorbed doze for inside 
and outside of buildings 50 and 70nG/h respectively. Meanwhile, 
researches show that ratio radioactivity between indoor and outdoor of 
buildings in residential places is 1.56, and its global average is 1.44; so 
Iran is located near Italy and Hungary and near the average line. Range 
of this ratio in different countries is 0.8 to 2.2, which they are for  USA 
and Nederland respectively (fig.2). 
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It is necessary to mention that this ratio is 0.82 for wooden buildings in 
north of Iran, which it shows that concentration of radioactive 
radionuclides in wood is lower than building construction materials. 
Considering to the results, it can be said that the highest personal 
gamma effective absorb dose, in different cities in Iran through direct 
measurements, is for Hamedan with 138.8 nSv/h, and the lowest 
amount is for Chabahar with 57.13nSv/h. These differences are resulted 
by inequality radionuclides distribution in the earth’s crust and 
building naterials , and changes in cosmic radiatiom related to height 
of sea. Carried out studies show that most of Iranian people (52%) are 
in effective doze area of 90-100nSv/h. In this case, average effective 
doze of any Iranian person is 96.9nSv/h and annually effective doze for 
any Iranian person has been estimated 0.848Sv. 
Information of all measurements show that used methods and tools in 
the research are very sensitive for measuring environmental gamma 
beams their results identify radioactive range inside and outside of 
buildings as well as gamma effective absorb dose for every Iranian 
person in global ranges. 
We compared our results related to estimated method gamma effective 
absorb dose which before had varied out .The estimation value show 
annual effective dose for Iranin people 0.794mSv(Fig8).   

 
Fig-8: annually gamma effective doze for Iranian people through 

estimation  and measuring methods. 
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