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ABSTRACT 
 

Ramsar, in northern Iran, is among the world’s well-known areas with highest levels of natural radiation such as Radon 

which is the second leading cause of lung cancer. It can get into any type of building, homes, offices, and schools and result 

in a high indoor radon level. Some radioisotopes of Radon progeny deposited in the human lungs emit α and β particles 

followed by γ rays. While γ and β rays are comparatively less damaging to the respiratory system than α, they store their 

energy in the other organs because the high penetrating photons can travel through the whole human body without being 

absorbed. In order to establish a quantitative estimate of the hazards caused by such radiation, this paper studies the annual 

effective dose due to Radon progeny in Ramsar. The results show the photon absorbed dose in some organs such as lungs, 

heart, esophagus, thymus and breasts are remarkable especially for the maximum concentration of radon in Iran, and the 

contribution of such great organ doses should be studied for lung, esophagus, and breast cancers. Also the effective dose of 

these photons and electrons per year was 2.6 mSvWLM-1 in Ramsar.The dosimetry of photons and electrons are important, 

particularly in situations with high levels of exposure to Radon because all organs received the photon and electron absorbed 

dose from radon progeny. Also the value of the effective dose per year is more than the annual allowable effective dose (1 

mSv), so one cannot ignore the photon and electron dose, and high concentrations of radon. 
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_________________________________________________________________________________________ 

1. INTRODUCTION 

 

Humans, animals and plants have been exposed to natural radiation since the creation of life. More than 3.5 billion 

years ago, when the living organisms appeared on the Earth, the level of natural radiation was about three times higher 

than its current level. The U.S. Environmental Protection Agency (US EPA) and the Surgeon General's Office have 

estimated that as many as 20,000 lung cancer deaths are caused each year by Radon. Inhabited areas with high levels of 

natural radiation are found in different areas around the world including Yangjiang, China; Kerala, India; Guarapari, 

Brazil and Ramsar, Iran. The relationship between radon exposure and lung cancer has already been demonstrated in 

epidemiological studies performed on cohorts of miners [1]. Radon comes from the natural (radioactive) breakdown of 

uranium in soil, rock and water and gets into the air we breathe. The high background radiation in the "hot" areas of 

Ramsar is primarily due to the presence of very high amounts of 226Ra and its decay products which were brought to the 

earth’s surface by hot springs.220Rn, or thoron from the 232Th series, and 219Rn from 235U have very short lives (55.6 s and 

3.96 s, respectively), and they are of minor significance compared with 222Rn in 238U series. The half-life of 222Rn (3.82 

day) is long enough to diffuse into and build up in homes [2]. The natural level of 222Rn in open space is usually below 

10 Bq.m-3 [3]. In the closed space, 222Rn can accumulate due to poor air ventilation. The primary routes of potential 

human exposure to radon are inhalation and ingestion.  

Although high concentrations of radon in groundwater may contribute to radon exposure through ingestion, the 

inhalation of radon released from water is usually more important. 

The organ that receives the highest dose from the inhaled radon progeny is the lungs [4]. 218Po and 214Po decay by 

the emission of alpha particle, which damage the surrounding tissues and are responsible for relatively high dose in the 

lungs. 214Pb and 214Bi decay through beta emission followed by gamma radiation. 

A lot of work has been done to determine the doses in the human lungs due to short-lived radon progeny. Many 

papers deal with the determination of dose delivered by alpha particles in the lungs [5,6] because of their low range and 

relatively high and discrete energy (6 MeV for 218Po and 7.69 MeV for 214Po). On the other hand, β particles emitted by 

radon progeny have continuous spectra with electron energies up to 3 MeV. γ radiation has a discrete energy spectrum 

but there are many lines with maximal energy of 3 MeV. β and γ are much more penetrating than alpha particles and their 

mean free paths in tissue are from few millimeters for low energy electrons to a few tens of centimeters for high-energy 

photons. High-penetrating photons can travel throughout the human body without being absorbed [7]. Former Studies 

have shown that despite the fact that Ramsar is an area with one of the highest background radiation in the world [8], 

serious research and studies about the exact calculations of radon progeny absorbed dose have not been conducted. So 

there is an important question. Is it possible that the absorbed dose of photons and electrons from radon progeny has a 

fundamental contribution in the annual permissible dose? 
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In this work, the absorbed organ doses from radon progeny were investigated [9]. Besides, the effect of different 

radioactive decay data from web-based library ENDF/IV table of radioactive isotopes [10] on organ dose values was 

analyzed.  

 

2. MATERIAL AND METHODS 

 

2.1.ORNL modified phantom 

The direct measurement of the absorbed dose in a human body is generally not possible. Therefore, 

anthropomorphic phantoms coupled with Monte Carlo simulations are most commonly used for estimating the absorbed 

dose. The analytical models of the human body (called human phantoms) were described in ORNL publications [11]. 

These phantoms are basically solid-geometry models that describe the exterior and interior anatomical features of a 

human body using analytical equations. For example, each lung is represented by half an ellipsoid with a section removed. 

The section removed from the left lung is larger than that removed from the right lung because of the position of the heart. 

However, during primary phantom implementations, the lost particles were traced. Two overlaps are seen at the area 

where the transverse colon of upper large intestine meets the ascending colon of upper large intestine or the descending colon of 

lower large intestine, and another one at the meeting region of the esophagus and the spine. The geometry errors, which almost 

took place in too small areas of these organs, were removed with a minor displacement of meeting surfaces [20]. 

According to figure 1, human phantom consists of three types of tissues: skeletal, lung and soft, with different 

densities and elemental compositions [12,13].  

All the equations for organs of all phantoms, with other relevant information (elemental compositions, volumes, 

masses, etc.), were programmed in input files for MCNP-4B code. By combining surfaces through Bull algebra, MCNP-

4B forms cells representing various organs [7]. 

 

  
 

Fig.1. Mathematical model of the human body 

 

To calculate doses in other organs when the source is in the lungs, ORNL phantom of the human body was applied. 

This model does not give almost any detail of human lungs. Tree structure of Trachea-Bronchial (T-B), T-B was 

completely neglected and whole respiratory tract is given with two asymmetrical ellipsoids representing two (left and 

right) lungs. 

 

2.2.Dose Calculation 

Uniform distribution means the uniform random sampling of initial photons and electrons points in objects, which 

represents lung in the ORNL model. 

In order to calculate the doses in other sensitive organs when the source is in the lungs, the ORNL phantom of the 

human body was used. Since the radon progeny attached to the aerosols in the air enters the lungs through inhalation and 

decay in the lungs, one can define the lungs as the main radiation source for input file of Monte Carlo N-Particle (MCNP) 

code. Due to the high penetrability of γ, it is assumed as the uniform source of radiation. 

Also according to figure 2, the human lung contains a large number of air tubes with different diameters, which are 

distributed across the lung volume. In fact, the particles are inhaled into the airways. The alpha particles emitted from 

radon products, are short-range. So they are not removed from the air tube. These particles deposit their energy in the 

airways. However, due to the low density ( 3/296.0 cmg ) of lung tissue, the electron range in the lungs is amount of 

approximately centimeters that is larger than the airways diameter, especially for the 214Bi isotopes can also be a few 

centimeters. Thus a good approximation (as suggested by Markovic et al 2009) as the source of human lung uniform 

emitting electrons was considered. 
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Fig. 2: Airways of the respiratory system 

 

The yields (Bq-s)-1 versus energy (MeV) of radon progeny was taken from ENDF/VI decay data[10] The spectrum 

of beta is obtained from ref. [23]. The output files of MCNP code were obtained from the mean absorbed dose (in MeV/g 

per one particle of radiation) in the ‘main’ organs and the ‘remainder’ tissue of the human body. The averaged absorbed 

dose (MCNP output), 
n
RT D , is the quotient of deposited energy due to radiation of type R in the volume of specific 

organ or tissue T by its mass from nuclide n (214Pb or 214Bi). The mean absorbed dose per particle of radiation (in µGy 

WLM-1) from the whole lung as a source was calculated using Equation (1)[7]. WLM is a working level month that is 

exposed to the radon progeny of 1 WL (
351008.2 −−× Jm ) during 170 h. 

 

n
Rn

n
RT

n
RT YADD ..=

                                  (1) 

where, An is the activity of each isotope (n) and n
RY  is the yield of radiation. Since 

n

RT D
 obtained in the simulation 

is given per quantum or per particle of radiation, and activities per disintegration to derive absorbed dose per 1 WLM, 

one needs to know the yield of certain type of radiation.
 

These are the results from the program LUNGDOSE.F90. This program includes calculation working level month 

deposition of aerosols in different deposition regions of the Human Respiratory Tract Model (HRTM) according to the 

algebraic model of ICRP Publication 66 and equilibrium activities of radon progeny in different clearance regions of the 

HRTM and the total number of emitted particles for given exposure conditions and exposure time. The input parameters 

for the program LUNGDOSE.F90 are such as breathing rate of 
1378.0 −hm , equilibrium factor(The radon equilibrium 

factor[26] is the ratio between the activity of all short-period radon progenies (which are responsible for most of radon's 

biological effects) of 0.395 and these are very important parameters for calculating photon and electron activities [7].The 

absorbed doses were reported per 1 WLM in µGyWLM-1 using Equations (2) and (3). 

 
214Pb

T RD =
214Pb

T Dγ +
214 Pb

T X rayD −  +
214Pb

T Dβ +
214Pb

T ceD            (2) 

214Bi
T RD =

214
Bi

T Dγ +
214Bi

T X rayD − +
214

Bi
T Dβ +

214
Bi

T ceD                (3) 

 

Photon and electron absorbed doses were estimated for 24 main organs. The equivalent dose HT is one of the 

radiobiological protection quantities that is defined as a weighed mean absorbed dose, in some organ T, from γ, x-ray, β 

and conversion electron and was obtained using Equation 4. 
 

∑ ∑ −
=

n CerayX

n
RTRT DwH

,,, βγ
                       (4) 

 

Where, WR is the radiation weighting factor which depends on the radiation type and energy whose values for 

photon and electron radiations are equal to 1. 

The effective dose, which is the main radiation protection quantity, is obtained using equation 5[7,25]. The sex 

averaged effective dose was calculated as: 
 

2

TFTM

T

Teff

HH
wE

+
=∑

                            (5) 

Where, WT is the tissue weighting factor taken from recent ICRP publication 103 [23]. HTM and HTF are the equivalent 

doses for male and female respectively. 

 

3. RESULTS AND DISCUSSION 

 

The entire organ dose estimations in this work have an uncertainty less than 0.5%. Table 1 lists the absorbed doses, 
n

RT D
 per WLM , in 24 main organs of the human body. As expected, some of the photon particles emitted by radon 
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progeny have enough energy to leave the lungs and deposit their energies in different organs, for which the organ doses 

cannot be disregarded. But the absorbed doses of the electron are less than photon. So except for lungs one can overlook 

the electron absorbed dose compared with photon absorbed dose, because the photon dose is more than 5% of electron 

absorbed dose.  

As expected, the results show that the lungs are the sources that receive the highest absorbed dose than other organs.  

 

Table 1: Organ doses from γ radiation, x-ray, β and conversion electron from radon progeny nuclides,  

distributed in the human lungs (in µGy WLM-1) 
Total absorbed dose Total electron absorbed 

dose 

Total photon absorbed 

dose 

Organs 

3.16E-01 9.08E-05 3.16E-01 Kidneys 

6.66E-01 6.30E-04 6.65E-01 Pancreas 

9.88E-02 7.44E-05 9.87E-02 Small Intestine 

8.96E-01 1.67E-03 8.94E-01 Adrenals 

3.26E-01 5.08E-04 3.26E-01 Gall bladder 

1.64 6.18E-03 1.63 Heart 

2.0E-01 4.29E-03 1.96E-01 Skin 

4.50E-01 2.55E-03 4.48E-01 Thyroid 

4.90E-01 3.68E-03 4.87E-01 Stomach 

3.14E-01 2.61E-03 3.14E-01 Bone surfaces 

53.85 49.31 4.54 Lungs 

1.59 4.42E-03 1.59 esophagus 

2.52E-02 5.86E-05 2.51E-02 Bladder 

1.12 8.16E-04 1.12 Thymus 

7.81E-01 8.79E-03 7.72E-01 Liver 

5.31E-02 2.74E-05 5.31E-02 Brain 

8.23E-02 1.08E-04 8.22E-02 Colon 

3.49E-01 8.98E-04 3.48E-01 Red Bone 

Marrow 

3.8E-01 8.33E-03 3.72E-01 Muscle 

6.41E-01 1.41E-03 6.40E-01 Spleen 

9.98E-01 1.41E-02 9.84E-01 Breast 

4.65E-02 1.89E-04 4.63E-02 Uterus 

4.95E-02 3.04E-04 4.92E-02 Ovaries 

1.03E-03 1.49E-04 8.78E-02 Testes 

 

After lungs, the second and the third highest doses are received by heart and the esophagus respectively because 

both of them are located close to the lungs. The bladder receives less absorbed dose than other organs, as it is located 

farthest from the source compared with other organs. 

Based on these data (table 1), the whole body effective dose was obtained according to ICRP103 recommendation. 

Therefore, the total Sex averaged effective dose was calculated to be about 7.50 µSvWLM-1. 

The results showed the maximum concentration of radon is more than 31000 Bq/m3. Based on these data, the annual 

organ absorbed dose in maximum concentration of radon was shown in figure (3). The results show the absorbed dose in 

some organs such as lungs, heart, esophagus, thymus, and breast are notable, so the effective dose of total photons and 

electrons is equal to 2.596 mSv. Therefore, this value is comparable with 1mSv (The annual allowable effective dose) [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The annual absorbed dose of photon emitted from radon progeny based on UNSCEAR 2006 radon concentration 

measurement in Iran 
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4.Conclusions 

Although the contribution of alpha particles (emitted from radon progeny) in the effective dose is about 15 

mSvWLM-1 [21], just lungs receive the absorbed dose and alpha particles which cannot be exhaled out of the lungs 

because of their short range. Photons contribution in the effective dose is important because all organs receive the photon 

absorbed dose from radon progeny. The average concentration of radon in outdoor air is usually low due to the large 

volume of the air so that this concentration is generally safe. However, in the environments with high concentration of 

radon such as Ramsar, the risk may be obtained from the photon and electron dose increases. This value is more than the 

annual allowable effective dose. The contribution of such great organ doses should be studied for lung, esophagus, and 

breast cancers 

REFERENCES 

 

1. International Commission on Radiological Protection. Human Respiratory Model for Radiological Protection. Ann ICRP. 

1994,24.p.1-120.  

2.  Martin JS: The Physics of Radiation Protection. second, editor: John Wiley & Sons Canada, Limited; 2006.  

3. Yu KN, Lau BM, Nikezic D, Assessment of environmental Radon hazard using human respiratory tract models. J Hazard 

Mater, 2006.132(1).p.98-110. 

4.  Marsh, J. W., Bessa, Y., Birchall, A., Blanchardon, E., Hofmann, W., Nosske, D. and Tomasek, L.: Dosimetric models used 

in the alpha-risk project to quantify exposure of uranium miners to radon gas and its progeny. Radiat. Prot. Dosimetry, 

2008. 130.p. 101–106 . 

5. Nikezic, D. and Yu, K. N. Microdosimetric: calculations of absorption fraction and the resulting dose conversion factor for 

radon progeny. Radiat. Environ. Biophys. 2001, 40.p. 207–211. 

6. Nikezic, D., Lau, B. M. F., Stevanovic, N. and Yu,K. N: Absorbed dose in target cell nuclei and dose conversion coefficient 

of radon progeny in the human lung. J. Environ. Radioact. 2006. 89.p.18–29. 

 7. Markovic VM, Krstic D, Nikezic D: Gamma and beta doses in human organs due to radon progeny in human lung. Radiat 

Prot Dosimetry. 2009. 135 (3).p.197-202. 

8.  Mowlavi AA, Shahbahrami A, Binesh A.: Dose evaluation and measurement of radon concentration in some drinking water 

sources of the Ramsar region in Iran. Isotopes Environ Health Stud. 2009.45(3).p.269-72  

9.  Briesmeister JF. MCNP - A general Monte Carlo N-Particle transports Code. Version 4C Ed. Los Alamos New Mexico: Los 

Alamos National Laboratory 2000. 

10. Table of Radioactive Isotopes of ENDF/IV. Periodic Table linked to decay data for known isotopes of each element. 

http://t2.lanl.gov/data/decayd.html 

11. Eckerman KF, Cristy M. Ryman JC:The ORNL Mathematical Phantom Series, Informal Paper. Available from: 

http://homer.hsr.ornl.gov/VLab/mird2.pdf. Accessed Dec 15, 2008. 

12. Hakimabad HM, Motavalli LR: Evaluation of specific absorbed fractions from internal photon sources in ORNL analytical 

adult phantom. Radiat Prot Dosimetry. 2008. 128(4).p.427-31. 

13.  Cristy, M. and Eckerman, K. F.: Specific absorbed fractions of energy at various ages from internal photon sources. 

ORNL/TM-8381/V1–7 (Oak Ridge, TN: 

 Oak Ridge National Laboratory), 1987.  

14. Snyder, W. S., Ford, M. R., Warner, G. G. and Watson, S. B.: A tabulation of dose equivalent per microcurie-day for source 

and target organs of an adult for various radionuclide’s, Part1. Oak Ridge National Laboratory Report ORNL-5000 (1974). 

15. Cristy, M: Mathematical phantoms representing children of various ages for use in estimates of internal dose. 

ORNL/NUREG/TM-367 (Oak Ridge, TN: Oak Ridge National Laboratory), 1980. 

16. Eckerman, K. F., Cristy, M. and Ryman, J. C.: The ORNL mathematical phantom series. Oak Ridge National Laboratory 

Report. Available on http://homer. hsr.ornl.gov/VLab/VLabPhan.html ,1996. 

17. Ulanovsky. A. V., Minenko. V. F. and Korneev, S. V.: Influence of measurement geometry on the estimate of 131 I activity 

in the thyroid:Monte Carlo simulation of a detector and a phantom. Health Phys. 1997.72(1).p. 34–41. 

18.  Ulanovsky, A. V. and Eckerman, K. F: Absorbed fractions for electron and photon emissions in the developing thyroid: 

fetus to five years old. Radiat. Prot. Dosim. 1998. 79(4).p. 419–424. 

19. Miri Hakimabad. H, Rafat Motavalli: L, EVALUATION OF SPECIFIC ABSORBED FRACTIONS FROM INTERNAL 

PHOTON SOURCES IN ORNL ANALYTICAL ADULT PHANTO. Radiat Prot Dosim, .2008.128(4).p.427–431. 

20.  Source and effect of ionizing radiation. New York: United Nations Scientific Committee on the Effect of Atomic Radiation. 

Available from: http://www.unscear.org/docs/reports/2008/09-86753_Report_2008_Annex_B.pdf. Accessed Aug 10, 2012. 

21. Nikezic D, Yu KN.: Micro dosimetric calculation of absorption fraction and the resulting dose conversion factor for radon 

progeny, Radiat Environ Biophys. 2001.40(3).p.207–11.  

22.  Banari Bahnamiri. Sh., Miri Hakimabad. S.H., Izadi Najafabadi. R.:Estimated dose of Electrons Emitted from Radon-222 

Progenies Applying Variance Reduction Methods in ORNL Phantom, Nuclear Sci and Technology Research Institute. 

2013.62(1) .p.28-36. 

23. ICRP (International Commission on Radiological Protection) Publication 103, 2007 Recommendations of the International 

Commission on Radiological Protection (Oxford: Pergamon) 

24. ICRP (International Commission on Radiological Protection). Annex B. Quantities used in radiological protection. Ann. 

ICRP 37. (2007).p. 247–322.  

 25. "Why Measure RDPs?". Retrieved 2009-07-07.  

613 


