










   

PREFACEPREFACE  

An overwhelmingly large part of the radiation exposure to human populations comes 
from natural sources, viz., the cosmic rays and the primordial radionuclides present on the 
earth’s crust. The exposures from man-made sources, arising from the applications of 
nuclear energy in industry and in medicine, constitute only a negligible part. It is thus 
important to generate comprehensive natural background radiation exposure profiles in 
different parts of the world. Such an assessment would require information on both the 
external gamma exposures as well as the inhalation exposures, the latter arising mainly due 
to radon and thoron gases and their progenies present in the environment. To the best of our 
knowledge, a radiation atlas exists only for Europe, which was brought out by the National 
Radiological Protection Board (NRPB), U.K., in early nineties. In the Indian context, reports 
dealing with the mapping of the   distribution of naturally occurring radio-nuclides and the 
external gamma doses received in different parts of India were published by the Bhabha 
Atomic Research Centre (BARC) in the late eighties. However, data on the inhalation doses, 
especially in the indoor environments, were not available due to the complexities involved in 
their large-scale measurements. In view of this, a workshop on "Ubiquitous Radon" was 
convened in November 1994, to explore the feasibility of carrying out a programme for 
mapping indoor radon, thoron and progeny distributions in representative areas which would 
reflect their variability across the country. As a result of this workshop, a BRNS sponsored 
Coordinated Research Project (CRP) was initiated in mid-1996, with the Environmental 
Assessment Division, BARC, as the Principal coordinating centre. The project involved 8 
participating universities for carrying out measurements and 4 nodal centers for conducting 
periodic quality assurance exercises.  
 
The following Principal Investigators (PIs) participated in the project: 

 
1. Dr. K.K. Dwivedi, North Eastern Hill University, Shillong 
2. Dr. R.C. Ramola, H.N.B. Garhwal University, Tehri 
3. Dr. H.S. Virk, Guru Nanak Dev University, Amritsar 
4. Dr. P. Yadagiri Reddy, Osmania University, Hyderabad 
5. Dr. K. Siddappa, University of Mangalore, Mangalore  
6. Dr.(Smt). K.S. Lakshmi, Meenakshi College for Women, Chennai 
7. Dr. L. Paramesh, University of Mysore 
8. Dr. P.K. Sharma, Atomic Minerals Division, Nagpur 

 
During the course of this project two more investigators joined this CRP viz., 
 
          1. Dr. D. Sengupta, Indian Institute of Technology, Kharagpur 
          2. Dr. M.S.K. Khokhar, Guru Ghasidas University, Bilaspur 
 
The nodal centers were the following: 
 

1. Environmental Assessment Division, BARC 
2. Defence Laboratory, Jodhpur 
3. Health Physics Unit, Uranium Corporation of India, Ltd., Jaduguda 
4. Health and Safety Division, Indira Gandhi Centre for Atomic Research, Kalpakkam  

 
The project lasted for about 4 years. As the principal coordinating centre, the 

Environmental Assessment Division contributed to the development of calibration systems, 
theoretical methodologies and inter-comparison exercises. This report presents the 
summary of these studies and provides a compilation of the data obtained by the 
participants. For ready reckoning, the levels of radon, thoron and their progenies are 



   

presented in colour code on the map of India. The values for a region are not to be 
understood as averages across large areas, but as representative values obtained from    
the data on a few houses in that region. Considering the complexities and time-consuming 
nature of the measurements involved, it would be a gargantuan task to cover the entire 
country at far finer levels of spatial resolution.  
  

I am glad to note that this report has brought out some new aspects. Firstly, thoron 
levels in Indian homes may not be negligible as generally perceived. This study reveals that 
on an average, inhalation doses attributable to thoron are about half of that due to radon. 
Secondly, it has been possible to identify the regions having distinctly higher levels of radon 
and thoron, which should form areas of special interest for future studies. The success of 
this project in bringing out these key aspects has demonstrated   the feasibility of executing 
multi-institutional scientific programmes for generating country-wide databases on 
environmental parameters through a central coordinating agency.  I hope that, based on this 
experience, concerted efforts will be made in the future towards executing similar 
programmes related to environmental aspects.   
 
 
 
 
 
 
 

 
                                                                                                      Dr. V. Venkat Raj 

                                                                                                        Director 
                                                                Health, Safety and Environment Group 
                                                                          Bhabha Atomic Research Centre 

                                                                                        Mumbai 400 085, India 



   

ABSTRACT 

A countrywide survey on radon and thoron levels has been carried out in Indian 

dwellings under a Coordinated Research Project sponsored by the Board of Research in 

Nuclear Sciences (BRNS), Department of Atomic Energy (DAE). Eight universities and a 

few research institutions from different parts of the country participated in this project. Under 

this project, radon and thoron levels were measured using Solid State Nuclear Track Detector 

(SSNTD) - spark counter based passive technique. A plastic twin chamber radon - thoron 

dosimeter was developed and standardized for the survey. This radon-thoron discriminating 

dosimeter uses three SSNTDs; two of which are exposed in cup modes and the third one is 

exposed in bare mode. Calibration factors (CF) are obtained for cup and bare mode SSNTDs 

through controlled experiments in a calibration facility. Calibration factors obtained from 

experiments showed very good agreement with the calibration factors derived from 

theoretical models. Four nodal centres were set up each at Kalpakkam, Jodhpur, Jaduguda 

and Mumbai for calibration and standardization of the dosimeter system. Inter calibration of 

the dosimeters were also carried out for comparison purpose. Nearly 4500 measurements in 

about 1400 dwellings were made during the survey period. An analysis of the data shows that 

the indoor radon gas concentrations at different locations vary between 4.6 and 147.0 Bq.m-3 

with a geometric mean of 23.0 Bq.m-3 (GSD 2.61). Indoor thoron gas concentrations, in 

general, are found to be less than the radon concentrations and vary from 3.6 to 42.8 Bq.m-3 

with a geometric mean of 12.2 Bq.m-3 (GSD 3.22).  The mean annual inhalation dose rate due 

to radon, thoron and their progeny in the dwellings is estimated to be 0.97 mSv.y-1 (GSD 

2.49). It is observed that the major contribution to the indoor inhalation dose is due to radon 

and its progeny. However, the contribution due to thoron and its progeny is not trivial as it is 

about 20 % of the total indoor inhalation dose rates. High indoor inhalation dose rates are 

observed at the northeastern region of India. The contribution due to thoron and its progeny 

in these regions is found to be nearly 30 % of the total inhalation dose. The dependence of  

indoor radon levels on the dwelling types, examined statistically, has indicated significant 

differences between mosaic and wooden floors having plastered and whitewashed walls. A 

radon/thoron atlas of the country has been prepared using the data generated not only from 

from this project but also from earlier surveys carried out by this Centre. 

 
Keywords:  country-wide, indoor, radon, thoron, SSNTD, twin-cup dosimeters,  

Inhalation  dose 
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1. INTRODUCTION 

Exposure to ionizing radiation originates from two major sources viz: naturally 

occurring and man-made sources. Naturally occurring radioactivity present on the earth’s 

crust can be further classified into two distinct source categories such as virgin and modified 

natural sources. Virgin sources of radiation are of cosmogenic or primordial (terrestrial) 

origin and have existed on the earth since primordial times. Modified natural sources are 

mainly from activities like mining, usage of fossil fuel, production of fertilizers or usage of 

natural materials for building constructions. The latter is known as Technologically Enhanced 

Natural Radiation (TENR). Natural radiation is the largest contributor to the collective 

radiation dose to the world population. Relatively constant exposure to the population at a 

location is the distinctive characteristics of this radiation. The major contribution of dose 

from natural radiation in normal background regions arises due to inhalation of radon and its 

progeny and to a certain extent, due to thoron and its progeny (Porstendorfer, 1994; 

UNSCEAR, 2000).    

  Ever since studies on uranium miners established the presence of a positive risk 

coefficient for the occurrence of lung cancer in miners exposed to elevated levels of radon 

and its progeny, there has been a great upsurge of interest in programmes concerned with the 

measurement of radon in the environment. This interest was accentuated by the observations 

of elevated radon levels in the indoor environment in many countries that led to the 

realization of residential radon as being a possible public health issue in the western world.  It 

was also hoped that in conjunction with epidemiological studies, large-scale indoor radon 

surveys might lead to quantitative understanding of the low dose effects of radon exposures.  

As a result of these, considerable amount of information is now available on the levels of 

radon gas and its progeny in the indoor environment across the globe (UNSCEAR, 2000).  

In contrast, there exist only a few studies relating to measurements of thoron in the 

environment (Doi and Kobayashi, 1994; Doi et al., 1994) since it is assumed that the 

inhalation dose to the general population from thoron and its progeny is only about 10 % of 

the inhalation dose due to radon (UNSCEAR, 2000). But, recent studies in many countries 

have revealed that this assumption may not be entirely correct (Steinhausler et al., 1994).  In 

general, such studies are important in two ways. Firstly, any radiological impact assessment 

of nuclear facilities, either existing or those to be set up in the future, requires information on 

the exposure due to natural radiation prevalent in their vicinity. Secondly, the radiation risk 



   

coefficients are fairly well established at high doses and high dose rates, whereas little is 

known about the effects of radiation at low dose rates.  

Several epidemiological study programmes in different countries are in progress to 

estimate the population exposures due to natural radiation with a view to obtain the radiation 

risk coefficients at low dose rate levels. In this regard, radiation surveys in high background 

areas (HBRAs) can provide excellent settings for epidemiological studies relating to the 

effects of low doses of radiation.  In view of these, a comprehensive estimate of the natural 

inhalation dose requires both radon and thoron levels in the indoor and outdoor atmosphere. 

 
2. SOURCES OF RADON AND THORON 

Radionuclides, radon (222Rn) and thoron (220Rn), from the uranium and thorium decay 

chains are noble gases produced by the decay of their immediate respective parent nuclides,  
226Ra and 224Ra,  present in common rocks, uranium ores and soils (Fleischer, 1997).  The 

decay products of radon and thoron are the radioactive isotopes of polonium, bismuth, lead 

and thallium. Radon decay products are divided into two groups; the short-lived radon 

daughters 218Po(RaA; 3.05 m), 214Pb (RaB; 26.8 m); 214Bi (RaC; 19.7 m), and  214Po (RaC’; 

164 ìs) with half -lives below 30 min; and the long-lived radon decay products 210Pb (RaD; 

22.3 y, 210Bi (RaE; 5.01 d), and 210Po (RaF; 138.4 d). There is no long-lived group for the 

thoron progeny. Most important radionuclide in this chain is the lead isotope 212Pb with a 

half-life of 10.6 h.  These daughter products, being the isotopes of heavy metals, get attached 

to the existing aerosol particles in the atmosphere. Their elimination from the atmosphere 

occurs either by radioactive decay or by other removal processes such as plate-out or surface 

deposition and washout by rain.  

Vast differences in the half-lives of radon (3.8 d) and thoron (55 s) is a crucial 

parameter in governing their release from the ground and subsequent distribution in the free 

atmosphere. When radium decays in soil grains, the resulting atoms of radon isotopes first 

escape from the mineral grains to air-filled pores. The fraction of radon escapes into the pores 

is known as the emanation power fraction. Although the detailed processes responsible for 

radon emanation from grains are not fully understood, it is believed that the main 

contribution to the emanation comes from the recoil processes (Nazaroff, 1988). The recoil 

- 0.06 µm in grain materials and about 60 m in air (Tanner, 1980). 

Also, recoil stopping distance of radon and thoron is lower in water than in air. Hence, the 

moisture content has effects on the emanation power fraction (Shaskhin and Prutkina, 1970; 

 Levins, 1982; Ingersall, 1983; Stranden et al., 1984). 



   

Emanation power fraction of building materials for thoron is about 2 - 10 times smaller than 

that for radon, despite the greater recoil energy of thoron atoms (Porstendorfer, 1994).  

Experimental studies on building show that it ranges from 0.2 to 30 % for radon and 0.2 to 6 

% for thoron (Porstendorfer, 1994; Barretto et al., 1972).  

Transport of radon through the soil takes place by diffusion and/or with gases like 

CO2 and CH4 or water moving in the soil horizons. The diffusion coefficient for radon in 

different soil types varies from 10-9  m2 s-1 in water medium to 10-5 m2 s-1 in air (UNSCEAR, 

1982). Radon and thoron enter the atmosphere mainly by crossing the soil-air or building 

material-air interface. Typical values of exhalation rate (amount of activity released per unit 

area of the surface per unit time) for radon in soil and building material are 0.02 and 5.0x 10-4 

Bq.m-2.s-1 respectively. The same for thoron are as high as 1 and 0.05 Bq.m-2.s-1 respectively 

(Porstendorfer, 1994).  

Radon and thoron progeny aerosols in the atmosphere are generated in two steps. 

After the formation from the radon isotope by decay, the freshly generated radionuclides 

react very fast with trace gases and air vapors, and become small particles, called clusters or 

unattached radionuclides with diameters varying from 0.5 to 5 nm.  In addition, these 

radionuclides attach to the existing aerosol particles in the atmosphere within 1 – 100 s, 

forming the radioactive aerosols. Most of the newly formed decay product clusters are 

positively charged and have a high mobility (Porstendorfer and Mercer, 1979). Mobility is 

characterized by the diffusion coefficient that mainly controls the formation of the radioactive 

aerosol by attachment and their deposition on surfaces and in the human lung.  

Radon and thoron in indoor environments mainly originate from emanation of the 

gases from the walls, floor and ceilings. Most terrestrial building materials have 1,000 to 

10,000 times higher gas concentrations in their pore spaces than in the atmosphere, 

permanently maintained by the continuous decay of its parent nuclides. This high 

concentration leads to a large radon/thoron concentration gradient between the materials and 

open air. Levels of radon and thoron in the open atmosphere are governed by the balance 

between the exhalation rate and the atmospheric dilution processes. 

 

3. SPECIAL DEFINITIONS, QUANTITIES AND UNITS 

As is well known, the dose to the lung is primarily contributed by the radon progeny 

species deposited in the respiratory organs (Jacobi and Eisfield, 1980). This dose is a function 

of several variables such as the activity - size distribution of the species, breathing parameters 



   

etc. However, standard calculations have been made considering typical values for these 

parameters. Dose conversion factors estimated this way, relate the default dose to the lung per 

unit concentration in air. However, the radon and thoron progeny concentrations in view of 

their short-lived nature are expressed in terms of a special quantity known as Potential   

Alpha Energy Concentration (PAEC), usually expressed in the units of J/m3. PAEC of an 

atom in the decay chain is defined as the total alpha energies emitted during the decay of this 

atom along the decay chain starting from 218Po up to 210Pb (RaD) or 208Pb for radon or thoron 

respectively. PAEC of any mixture of short-lived radon or thoron progenies in air is the sum 

of the potential alpha energy of all daughter product atoms present per unit volume of air.   

Often, a special unit Working Level (WL) is used for quantifying the PAEC for 

radiation protection purposes. One WL is defined as that concentration of short-lived 

radon/thoron decay products in any combination, which would potentially produce 130,000 

MeV of alpha particle kinetic energy per liter of air. One WL for radon concentration 

corresponds to the total potential alpha energy concentration of short-lived radon progeny, 

which are in radioactive equilibrium with a radon concentration of 3700 Bq/m3. For thoron 

progeny, this corresponds to a thoron concentration of 275 Bq/m3. The potential alpha 

energies per atom and unit activity of radon and thoron and short-lived daughter nuclides are 

given in Table 1 (ICRP, 1981; Jacobi and Eisfield, 1980). Radon/thoron progeny 

concentration exposure is often expressed in terms of Working Level Month (WLM), which 

corresponds to an exposure of 1 WL during a reference-working period of one month (2000 

working hours per year/12 month = 170 hrs).   

For WL concentration, the individual daughter activity concentration is computed for 

of the radon/thoron in equilibrium with its progeny. A quantity called equilibrium factor, “F” 

is used in such calculations. This is defined as the ratio of the total potential alpha energy for 

the actual daughter concentrations to the total potential alpha energy of the daughter, which 

would be in equilibrium with the radon or thoron concentration. If Ca, Cb and Cc are the 218Po, 
214Pb and 214Bi concentrations and CRn is the 222Rn concentration in Bq/l, then: 

F = (0.105Ca + 0.516Cb + 0.379Cc) / CRn 

 

Similarly, if Ca and Cb are the 212Pb and 212Bi concentrations and CTn is the 220Rn 

concentration in Bq/l then:  

F  = (0.91 Ca + 0.09 Cb) / CTn 

 



   

Equilibrium Equivalent Concentration (EEC) of a non-equilibrium mixture of short-

lived radon (thoron) daughters in air, is that activity concentration of radon (thoron), which 

would have been in equilibrium with this mixture. This has the same PAEC as the actual non-

equilibrium mixture to which the equilibrium equivalent concentration refers.  

 Tables 2 and 3 give the estimated natural radioactivity content in the building 

materials used for construction in India and the distribution of uranium and thorium in Indian 

soil (Kamath et al., 1996; Menon et al., 1987; Mishra and Sadasivan, 1971; Sadasivan and 

Shukla, 2001; Sadasivan et al., 2003). It can be seen from these tables that 40K is also a major 

source of radiation in the environment. Table 4 gives the estimated ranges of radon entry rate 

from different sources in typical houses (ICRP, 1986).  It is evident that soil has the highest 

entry rates followed by brick or concrete. 

 Environmental measurements of radon were mostly confined to outdoor air earlier.  

Since 1970, indoor radon levels were measured with keen interest, and several large-scale 

surveys have been carried out by several agencies all over the world (Campos-Venuti et al., 

1994; Hopke and Moghissi, 1996; Green et al., 1997; UNSCEAR, 2000).  Typical world 

wide indoor and outdoor levels of radon are about 45 Bq/m3 and 7 Bq/m3 respectively and 

that of outdoor thoron level is estimated as 0.2 Bq/m3 (Mettler and Upton, 1995).  An initial 

survey in Indian houses indicates that the indoor radon concentration varied between 2.2 to 

56 Bq/m3 with a geometric mean of 15.1 Bq/m3 (Subba Ramu et al., 1993). The reported 

indoor radon and thoron levels in about 35 countries world over are given in Tables 5 and 6 

respectively (UNSCEAR, 2000). Table 5 shows that the population weighted world wide 

average radon concentration is 39 Bq/m3; while the geometric mean calculated for the data is 

30 Bq/m3 with a geometric standard deviation of 2.3. The average EECs of indoor thoron 

levels (Table 6) range between 0.2 Bq/m3 and 12 Bq/m3; while the ratio of 222Rn/220Rn EEC 

varied from 0.01 to 0.5 worldwide. All this information facilitated the understanding of many 

environmental processes, which affect the distribution of radon and thoron levels in indoors 

and outdoors and the related radiation exposure to man. However, there still exist many 

problems associated with the accurate assessment of exposures and radiation doses to general 

population due to radon, thoron and their progeny. 

 
4. EPIDEMIOLOGICAL STUDIES 

Historically, the awareness about the carcinogenic nature of radon came during the 

study of uranium miners beginning with the earliest observations of Harting and Hess (1879; 

Nagaratnam, 1994; Jacobi, 1993), followed by several observational studies carried by others 



   

all over the world (NRC, 1991; 1998; Ludewig and Lorenzer, 1924; Shapito, 1954; Bale and 

Shapito, 1956). The most extensive epidemiological study of radon exposures is the joint 

analyses of the 11 underground miner cohorts (Lubin, 1994; Samet et al., 1991; ICRP, 1984). 

The database included populations across countries such as China, Europe, USA and Canada.  

A total of about 2736 lung cancer deaths were observed in a database of 11,51,315 Person 

Years (PY) with exposures ranging from 8 to 800 WLM. This yielded a statistically 

significant Expected Risk Ratio (ERR) of 0.5 % per WLM (ICRP, 1991; 1993; Muirahead, 

1997). Based on these estimates, it has been surmised that indoor radon, which is present in 

high concentrations in many countries, may contribute significantly to lung cancer risks.  

This resulted in residential epidemiological studies in many countries (Blot et al., 1990; 

Lubin et al., 1990; Schoenberg et al., 1990; Pershagen et al., 1992; Schoenberg et al., 1992; 

Alavanja et al., 1994; Letourneau et al., 1994; Pershagen et al 1994; Lubin et al., 1994a; 

Lubin, 1994). However, these studies have not shown any definite association between 

residential radon exposure and lung cancer risk (Lubin et al., 1995).   

The above finding has been interpreted as evidence to show that (i) exposure to radon 

progeny at the levels typically found in houses does not cause lung cancer, (ii) exposure to 

radon progeny in houses causes lung cancer but not to the extent estimated from risk models 

based on underground miners, or (iii) risk among miners, roughly confounded by smoking or 

by other exposures in mines, and risk models based on miners are therefore not applicable to 

residential exposures. This has led to claims that indoor radon may not pose a significant 

health hazard to the general population and that current approaches to risk management 

cannot be justified (Cole, 1993; Alderson, 1994).  However, the studies carried out by Lubin 

et al., (1995) showed that the data from published case control studies support a wide range 

of risks of residential exposure to radon progeny, from as low as no effect at all to an effect 

greater than predicted by miner studies. This wide range is attributed to the uncertainties 

associated with information on population mobility and cumulative radon exposure. 

Concern has also developed about possible associations of indoor radon exposure 

with other cancers (Lucie, 1989; Alexander et al., 1990; Henshaw et al., 1990; James, 1992; 

Richardson et al., 1991; Lubin et al., 1997; Harley and Robbins, 1992; Allen et al., 1995). 

However, several other studies oppose this concept based on many uncertainties (Stjernfeldt 

et al., 1987; Lubin et al., 1998; Paintadose et al., 1988; Brenner et al., 1992; Greenland, 

1992). In spite of all these limitations, epidemiological methods are the only options available 

for assessing the risk due to radiation exposure in humans. Outstanding issue now is the 

health effects of low levels of chronic radiation exposures. So far, no definite trends are 



   

observed in the available studies and there exists a large variability in the effects obtained in 

different facilities and cohorts. Results of continuing studies would eventually lead to a 

definite picture of the corresponding dose response relationships and the risk estimates. 

 

5. OBJECTIVES OF THE PRESENT PROJECT 

The external gamma dose rates have been more or less well mapped in India by 

several studies. A countrywide survey of outdoor natural gamma radiation levels using 

Thermo Luminescent Dosimeters (TLD) covering about 214 locations scattered all over the 

country revealed that the average external gamma radiation dose for the country is about 775 

µGy/y (Nambi et al., 1986).  Mishra and Sadasivan (1971) have projected a national average 

value of 707 µGy/y based on natural radioactivity analysis of undisturbed soil samples from 

more than 30 different locations, all over the country, assuming a uniform cosmic ray 

component of 287 µGy/y. Of the terrestrial component, 48.7 % of the contribution is from 
40K and the remainder is by the thorium (33.6 %) and uranium series (17.7 %) (Mishra,  

1970;  Sadasivan et al., 2003: Kamath et al., 1996). A good database on the countrywide 

concentration levels of 238U, 232Th and  40K  in geological materials as shown in Table 7 

(Sankaran et al., 1986).  Thus, there exists a good knowledge on the total external radiation 

levels across the country. Since it is estimated that nearly 50 % of the total radiation dose to 

the population is contributed by the inhalation dose due to radon and its progeny 

(UNSCEAR, 2000), there is a need to supplement the external exposure data with the 

inhalation component.  

 
Although some information about radon is available, there is a need to delineate the 

contribution of thoron and its progeny to the inhalation dose. This scientifically spirited 

concern has been voiced in many fora consisting of several research institutions and 

universities on many occasions. A resolution to this concern finally emerged in the three-day 

workshop on ‘Ubiquitous Radon’ organized by the Bhabha Atomic Research Centre during 

November 22 - 24, 1994 at Mumbai.  Nineteen participating groups of the workshop from 

different parts of the country agreed to the initiation of a Coordinated Research Project on a 

countrywide survey of indoor radon and thoron. Realizing the scientific significance of the 

project, the Board of Research in Nuclear Sciences (BRNS) of the Department of Atomic 

Energy (DAE) agreed to sponsor the project with a total outlay of Rs. 45.0 Lakhs. 

 



   

It is well recognized that indoor radon exposure is high in countries having cold climates 

due to build up of radon in poorly ventilated rooms.  Hence, extensive indoor radon mapping 

has been carried out in such countries. Similar conditions exist in the northern parts of India 

at least during five months in a year. The project was intended to fill up the existing gaps in 

the dose rate profiles due to natural radiation on a national level. Specifically, the objective of 

the project was to obtain reliable estimates on the following parameters: 

 
1) indoor radon concentration and associated inhalation dose rates, 

2) indoor thoron concentration and associated inhalation dose rates wherever applicable, 

3) indoor equilibrium status of radon, thoron and their progeny. 

 
The following institutes participated in this countrywide indoor radon/thoron survey project: 

 
1)  H. N. B. Garhwal University, Tehri Garhwal  

2)  Guru Nanak Dev University, Amritsar 

3)  Atomic Minerals Division, Nagpur 

4)  Indian Institute of Technology, Kharagpur 

5)  Mangalore University, Mangalore 

6)  Mysore University, Mysore 

7)  Meenakshi College for Women, Chennai 

8)  Osmania University, Hyderabad 

9)  Guru Ghasidas University, Bilaspur 

10)  North Eastern Hill University, Shillong. 

     It was agreed to have four nodal centres for the project for regional coordination and for 

carrying out inter-laboratory calibration as well as for maintaining quality assurance based on 

their rich experience in the field. These were:  

1) Environmental Assessment Division (EAD), BARC, Mumbai 

2) Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam 

3) Defence Laboratory (DL), Jodhpur 

4) Health Physics Unit (EAD), Uranium Corporation of India Limited (UCIL), 

Jaduguda. 

It may be pointed out that the project excludes the high background radiation areas (HBRA), 

in view of separate programmes, in progress, in these regions.   

 



   

6. MEASUREMENT METHODOLOGY 

The national survey project covered 25 locations in a span of three years. About 100 

houses per year of different types of construction were surveyed on a time integrated 

quarterly cycle of 90 days. Solid State Nuclear Track Detector (SSNTD) based dosimeters 

(Fleischer, 1988; Monnin et al., 1997; Nikolaev et al., 1999; Subba Ramu et al., 1994; 

Akerblom et al., 1997; Hopke et al., 1995) were used for the survey. These are simple to use 

and less expensive as compared to some continuous measurement systems like the Alpha 

Guard (an imported equipment). The latter is useful for occasional comparisons with the 

SSNTD based dosimeters. In view of this, SSNTD based dosimeters, described in the 

following section, were developed and calibrated for the national survey. Since the sampling 

is passive and integrated for long duration, the diurnal and seasonal variations in radon 

concentrations are being taken into account (Subba Ramu et al., 1993; Ilic et al., 1997).  

 





   

6.1 SSNTD Based Dosimeter System 

The dosimeter system developed is a cylindrical plastic chamber divided into two 

equal compartments (Nambi et al., 1994), each having an inner volume of 135 cm3 and height 

4.5 cm.  Dimensions of the dosimeter are chosen based on the ratio of the effective volume of 

the cup to its total volume to achieve maximum track registration for the cylindrical cup (Jha, 

1987; Bhagwat, 1993).  The design of the dosimeter is well suited to discriminate radon and 

thoron in mixed field situations, where both the gases are present as in the monazite deposited 

areas.  

Cellulose Nitrate films (LR-115 type II) manufactured by the Kodak Pathe are used as 

detectors.  The 12 µm thick film cut into 2.5 cm x 2.5 cm size is affixed at the bottom of each 

cup as well as on the outer surface of the dosimeter. The exposure of the detector inside the 

cup is termed as cup mode and the one exposed open is termed as the bare mode. One of the 

cups has its entry covered with a glass fiber filter paper that permeates both radon and thoron 

gases into the cup and is called the filter cup. The other cup is covered with a semi-permeable 

membrane (Ward et al., 1977) sandwiched between two glass fiber filter papers and is called 

the membrane cup. This membrane has permeability constant in the range of  10-8 - 10-7 cm2/s 

(Ramachandran et al., 1987; Jha et al., 1982; Waffa, 2002) and allow more than 95 % of the 

radon gas to diffuse while it suppress the entry of thoron gas almost completely. Thus, the 

SSNTD film inside the membrane cup registers tracks contributed by radon only, while that 

in the filter cup records tracks due to radon and thoron. The third SSNTD film exposed in the 

bare mode registers alpha tracks contributed by the concentrations of both the gases and their 

alpha emitting progeny.   

The dosimeter is kept at a height of 1.5 m from the ground and care is taken to keep 

the bare card at least 10 cm away from any surface. This ensures that errors due to tracks 

from deposited activity from nearby surfaces are avoided, since the ranges of alpha particles 

from radon/thoron progeny fall with in 10 cm distance.  After the exposure period of 90 days, 

the SSNTD films are retrieved and chemically etched in 2.5 N NaOH solution at 600 C for 60 

min with mild agitation throughout (Miles, 1997). The tracks recorded in all the three SSNTD 

films are counted using a spark counter. A methodology has been developed to derive the 

equilibrium factors separately for radon and thoron using the track densities based on the 

ventilation rates in the dwellings (Mayya et al., 1998).  

One may expect deposition of activity on the SSNTD film in the bare mode exposure, 

which may pose as an unknown parameter in the calibration factor. But it has been proved 



   

that the LR-115 (12 µ m) film does not register tracks from deposited activity (Eappen et al., 

1998). This is because the Emax for LR-115 film is 4 MeV and all the progeny isotopes of 

radon/thoron emit alphas with energies greater than 5 MeV. 

 

6.2 Calibration Facility 

Experiments were carried out at the Bhabha Atomic Research Centre to estimate the 

calibration factors (Eappen, 1994; Ramachandran et al., 1995; Eappen et al., 2001) separately 

for radon and thoron, in a calibration chamber of stainless steel of 0.5 m3 volume. Radon or 

thoron gas, is introduced into the chamber from standard sources obtained from Pylon, 

Canada. The calibration chamber has provisions for inputing aerosols from an aerosol 

generator, which is a Sinclair LaMer type condensation aerosol generator. It gives a laminar 

flow of mono-dispersed aerosols of di-2-ethylhexyl sebacate condensed on NaCl nuclei 

(Subba Ramu, 1978). The temperature settings of the boiler and re-heater are adjusted to 

obtain mono-dispersed aerosols of 0.25 µ m diameter. This is close to the activity median 

aerodynamic diameter of 0.2 µm reported for indoor aerosols (Yihe, et al., 1996). Aerosol 

concentrations of the order of 104 to 105 particles/cm3 of air were generated to simulate the 

indoor environment conditions. Depletion of the aerosols inside the chamber was studied and 

accordingly input of the aerosols was regulated to maintain a near constant particle  

concentrations. 

 

The chamber has provisions for coupling an on-line Lucas cell system in conjunction 

with an Alpha Guard for continuous measurement of radon gas concentration. The Alpha 

Guard, kept inside the chamber recorded hourly averaged radon concentrations.  The on-line 

Lucas cell system was coupled to an alpha counting setup and counts were taken 

synchronizing with the timing of the Alpha Guard.  The comparison of radon measured by 

the two systems for a wide range of concentrations, showed very good correlation 

(Regression coefficient = 0.97) with a slope equal to unity (Eappen et al., 2001).  

 
6.3 Calibration Factors 

Calibration factors (concentration conversion factors) for radon and thoron are 

required to convert the recorded tracks in the exposed SSNTD films into radon and thoron 

concentrations. Calibration factors were estimated experimentally as well as theoretically for 

all the three modes of exposures. These are discussed in the following sections. 



   

 
6.3.1 Cup Mode Exposure 

Calibration factors (CFs) for radon and thoron gases in the cup mode were determined 

through a series of experiments. CFs for radon (kR) and for thoron (kT) in terms of tr.cm-2 per 

Bq. d. m-3 can be obtained as:  

 
kR = (24 x T) / (CR x H)        (1) 

 
kT = (24 x  T) / (CT x H)        (2) 

 

where, T is the tracks per unit area (tr.cm-2), CR is concentration of the radon gas (Bq.m-3), CT 

is the concentration of thoron gas (Bq.m-3) and H is the exposure time (hours).  

The experimentally obtained calibration factors for radon and thoron are given in 

Table 8 for the cup mode exposure. The CF for radon in the membrane compartment is found 

to be almost equal (0.019 tr.cm-2 / Bq.d.m-3) to that in the filter paper compartment (0.02 

tr.cm-2/Bq.d.m-3). The CF for thoron in the membrane cup is essentially zero and that in the 

filter paper cup is 0.017 tr.cm-2/Bq.d.m-3. 

 

6.3.2 Bare Mode Exposure 

The definition of the CF for the bare mode has certain ambiguities. In the earlier 

approach, the CF for the bare detector was defined as the track density rate obtained per unit 

WL (Chruscielewski et al., 1982; Barillion, 2000; Lovett, 1969; Durrani and Radomir Ilic, 

1997). In reality, track formation rate in the bare mode is not a unique function of WL, but 

would depend on the equilibrium factor (F). If one defines the bare detector calibration factor 

as kB (tr.cm-2/Bq.d.m-3) of each species, it may be easy to show that this quantity is 

independent of the equilibrium factor as well as the incident energy of the alpha particle.  For 

a given track density rate T (tr.cm-2.d-1) and working level (WR for radon and WT for thoron in 

mWL units) and the corresponding equilibrium factors, FR and FT, the calibration factors as 

defined above can be obtained for radon (kBR) and thoron (kBT) respectively in terms of tr.cm-2 

/ Bq d m-3  using the following equations. 
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Based on this concept, CFs were derived for the species matrix for radon, thoron and their 

progeny concentrations. They were found to be nearly constant for a wide range of 

equilibrium factors (0.1 - 0.72) supporting the basic assumption of the new approach. Table 8 

shows the results of the CFs for the bare mode exposure for radon and thoron. The CF for 

radon and thoron are estimated as 0.02 tr.cm-2 /Bq.d.m-3 and 0.019 tr.cm-2 /Bq.d.m-3 

respectively and are nearly identical. This confirms the assumption that the bare card 

calibration factors are the same for the alpha emitters since they are functions of only the 

difference in the ranges and the lower and upper cut off energies of the detector. Hence for 

practical use, an average value of 0.02 tr.cm-2 /Bq.d.m-3 may be used as the CF for radon and 

thoron in the bare mode exposure. 

 
6.3.3 Theoretical Estimation 

A model has been developed to derive the calibration factors for radon and thoron for 

all the exposure modes (Eappen, 2003). The theoretical model is based on certain parametric 

constants chosen after experimental verifications. These include the bulk-etching rate (VB) 

and the break down thickness (δ) for the spark counting technique. The present calculation 

uses bulk etching rate as 4.0 µm/h and break down thickness as 3.0 µm. In the model, the 

upper and lower cut off energies for normal incident alphas are translated as residual ranges 

using the range energy relationship. The sphere of influence for the upper and lower cut off 

energies from normal incident angle to critical angle can be obtained from integrating for the 

total area covered under solid angle for residual length of alpha particles lying within those 

incident angles. With these considerations, the observable tracks per unit area on the film per 

unit exposure time can be computed using the following equation. 
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where η is the efficiency of track registration, C is  the activity concentration of the species,  

φ is the solid angle suspending the area of influence, θ is the angle of incidence ranging from 

normal incidence (0°) to critical angle (θ’
c), r radial distance from the point of emission, RE, 



   

is the range of the alpha particle corresponding to its max energy and RL, RU are the lower 

and upper cut off ranges for track registration for an incident angle θ.  The integration 

extends over a region of influence, which is constructed by using detailed track development 

model. Typical regions of influence for radon and thoron and their progenies in bare mode 

exposure configuration are shown in the diagrams below.   

 

   

 

 

 

    

 

                                     

 

 

 

 

 

 

 

 As can be seen, the region of influence is located farther from the detector for thoron 

progeny as compared to radon and its progeny concentrations. For the cup mode exposure, 

integrations over the regions of influence would also include surface deposited activity 

contributions   from the inner walls of the dosimeter.  These computations are tedious and not 
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presented here.   A FORTRAN program has been written for calculating the calibration 

factors in different configurations using the theoretical model (Eappen et al., 2001).  

Several experimental studies were carried out in the calibration facility to determine 

the calibration factors under various equilibrium factor and gas concentration conditions.  

The theoretical and the experimental CFs obtained for the cup mode and bare mode 

exposures are presented in Table 8. As may be seen, these show close agreement with each 

other. Inter-laboratory standardization experiments for the etching characteristics conducted 

by all the participants using standard alpha source also showed good agreements.     

 
7. DOSIMETRIC METHODOLOGY 

A theoretical methodology has been developed for evaluating the progeny 

concentrations using the twin cup radon - thoron dosimeter system (Mayya et al., 1998).  The 

mathematical basis used is similar to that developed by Planinic and Faj (1990; 1991) for 

radon dosimetry in which an auxiliary parameter, ventilation rate, was extracted from the 

equations relating the bare detector track densities to the gas and progeny levels. This 

approach is considered as most logical one for radon-thoron dosimetry with bare and cup 

detector system. But this methodology is complicated in the mixed field situation by the fact 

that thoron contribution has to be given as its ventilation dependant spatial profile for which 

only limited information is available in literature. So the data currently available in the 

literature are used for the parameters like wall loss rates, unattached fractions and indoor 

turbulence levels (Porstendorfer, 1994).  In this method, it is assumed that SSNTD kept in the 

bare mode responds only to the airborne alpha emitters and not to the alpha activity deposited 

on it. It is also assumed that the bare card calibration factors are same for alpha emitters since 

it is a function of only the difference in the ranges, lower and upper cut off energy of the 

detector.  

Let T1, T2 and T3 be the track densities recorded in the membrane mode, filter mode 

and bare mode, respectively. Let and kR, kR
’ be the calibration factors for radon gas in 

membrane compartment and filter compartment, respectively and kT be the calibration factor 

for thoron in the filter compartment. If d is the duration of exposure (days), the gas 

concentrations of radon (CR, Bq/m3) and thoron (CT, Bq/m3) in the vicinity of the dosimeter can 

be determined from the observed track densities T1 and T2 using the following equations: 

 
CR  =  T1  / (d kR)        (6) 

 



   

CT  =  (T2– d CR kR
’) / (d  kT)       (7) 

 
Since the radon decay constant is far smaller than the usually encountered air change rates 

(ventilation rates), radon may be assumed to be spatially uniform.  The activity fractions of 

the progeny (FR-A = CR-A/CR, etc.) are governed by their wall loss rates for the fine ( f
Wλ ) and 

the coarse ( c
Wλ ) fractions and the ventilation rates (λV) through the following equations:           
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where  fA, fB and fC  are the unattached fractions for the respective species. Similarly, the 

equilibrium factors for the thoron progeny can be obtained from the following relations: 
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c
WCTCTBTCT /FF λ+λ+λλ= −−−−        (12) 

 
Assuming that the thoron progeny unattached fractions are negligible, the bare track density 

T3 can be related to the concentrations of both radon and thoron gas as well as their progeny 

concentration by 

 
T3 = kB d [(CR + CR-A  + CR-C) + (2CT + CT-C)]     (13)  

 
where kB is the species calibration factor for the bare film, CR-A and CR-C are the 

concentrations of the alpha emitting radon progeny (Po218 and Po214) and  CT-C  is the 

concentration of alpha emitting thoron progeny (Po212) present around the dosimeter.  The 

factor 2 multiplying CT accounts for the concentration of the short-lived 216Po. Thus, the bare 

track densities are dependent on the ventilation rates through Eqs 8-12, which represent the 

progeny fractions for both gases.  

However unlike radon, thoron is not uniformly distributed in the room due to its short 

half-life, but is expected to set up profiles (Doi and Kobayashi, 1994).  The concentration CT 

would be considerably lower than that present near the ground and the walls, which are the 

thoron emitting surfaces. On the other hand, the thoron decay products, 212Pb and 212Bi, being 



   

longer lived would mix more or less uniformly in the room and their activities will be 

fractions of a representative average thoron concentration, denoted by CT
*, and not of the 

measured concentration CT. Therefore, 

 
CT-B = CT

*  FT-B     and    CT-C = CT
*  FT-C      (14) 

 
where CT-B  and CT-C are the concentrations of  212Pb and 212Bi, respectively and  CT

* is the 

average of a highly non-uniform distribution. A turbulent-diffusive transport model 

developed by Mayya et al., (1998) was used to obtain CT
*, the bare track densities in terms of 

this concentration and the indoor ventilation rates.  This method, which is known as the root 

finding method (RFM), is theoretically the most satisfactory approach for determining radon, 

thoron concentrations and their progeny working levels using the tracks recorded on the three 

SSNTD films.  The progeny working levels were evaluated using the following relations: 

WLR = CR FR  / 3700 

   
         = CR  (0.104 FR-A + 0.518 FR-B + 0.37 FR-C ) / 3700    (15) 

 
WLT = CT

* FT / 275 

 
         =  CT

*
  (0.908 FT-B + 0.092 FT-C) / 275      (16) 

where FR and FT are the equilibrium factors for radon and thoron progeny, respectively, 

which are related to the ventilation rate.  

However, in practice, it was found that small uncertainties in the recorded tracks 

propagate non-linearly leading occasionally to unacceptable solutions for the equilibrium 

factors. Very rich experience in measurements is required to eliminate these uncertainties, 

which is expected to be realized in the coming few years. Until then, it was decided to 

estimate the progeny concentrations using the cup based gas concentrations and the 

universally accepted equilibrium factors published by UNSCEAR (1993).  Information 

obtained from the third SSNTD is being used in conjunction with the RFM for building a 

database on the equilibrium factors. The purpose is to obtain a representative equilibrium 

factor for the region under study.  Thus, at present, the effective dose rate due to inhalation 

was estimated from the gas and progeny concentrations using the UNSCEAR (2000) 

equilibrium factors. 

 



   

8. INHALATION DOSE 

Absorbed dose rates to the critical cells of the respiratory tract due to radon, thoron 

and their progeny can be estimated on the basis of aerosol characteristics, its size distribution, 

unattached fraction, breathing fraction, fractional deposition in the airways, mucous clearance 

rate and location of the target cells in the airways. Several models have been developed to 

assess the inhalation dose rates to the population due to radon, thoron and their progeny 

(Subba Ramu, et al., 1988; Jacobi, 1993). Lung dose distribution assessment carried out by 

different agencies from the year 1956 to 2000 show a large variation in dose conversion 

factors (UNSCEAR, 1993; 2000). The estimated dose conversion factors varied drastically 

based on the breathing rate as well as the target tissue mass. In the present study, the dose 

conversion factors reported by UNSCEAR (2000) have been used to estimate the indoor 

inhalation dose rates ( D, µSv/h) due to radon, thoron and their progeny as shown below: 

 
D = 10-3 [ (0.17 + 9 FR) CR + (0.11 + 40  FT)CT

*]      (17) 

 
Numerical figures given in Eq. 17 are the dose conversion factors for gas and progeny 

concentrations (Table 9).  

 
9. RESULTS AND DISCUSSION 

The project covered 25 locations in different parts of the country.  This database alone 

was not sufficient for obtaining a comprehensive mapping of the indoor radon and thoron 

levels on a national scale.  Hence, similar data generated and published by this centre as well 

as published by several groups elsewhere have also been used for the purpose. This data 

includes mainly the indoor radon levels and the equilibrium factors estimated using single 

cup method at about 85 locations (Ramachandran et al., 1995a) and the data generated from 

the survey carried out around 12 DAE installations in India using the twin chamber 

radon/thoron dosimeters (Shaikh et al., 2002).  In the case of thoron, the data generated from 

25 locations under this project and the data generated from the survey carried out around 

DAE installations by this centre were used. 

 
9.1 Indoor Radon and Thoron Levels 

The estimated concentration levels of indoor radon and the equilibrium factors 

between radon and its progeny in 105 houses of different types of construction at 85 locations 

in different parts of India by the single cup method are given in Table 10 (Ramachandran et 



   

al., 1995a). The estimated radon levels at different locations varied from 6.4 Bq/m3 to 95.4 

Bq/m3 with a geometric mean of 25.5 Bq/m3  (GSD 2.1). The equilibrium factors were 

estimated using the bare detector exposure mode along with the cup with membrane mode in 

these locations for radon progeny.  From the calibration factors for the bare detector, the 

progeny concentrations are evaluated and the equilibrium factors were estimated using the 

standard equation. The equilibrium factors for radon progeny range between 0.21 and 0.95 

(Ramachandran et al., 1994; Ramachandran et al., 1995a) with a geometric mean of 0.54 

(GSD 1.4).  The estimated mean equilibrium factors range between 0.1 and 0.9, but most of 

the values are found to be within 30 % of the typical value of 0.4 used by the UNSCEAR for 

inhalation dose calculations (UNSCEAR, 1988; UNSCEAR, 1993). Values thus computed 

using the standard relation is not strictly correct, since the bare detector exposure is not a 

function of WL, but depends on the F factor. 

A theoretical methodology has been developed incorporating this fact to extract the 

modified F values. Using this concept, the revised F values were evaluated and these values 

are found to vary from 0.12 to 1.2 with a median of 0.46 ± 0.2. Although, the median value of 

F is found to decrease in the revised estimates, the spread is found to be higher. Besides, the 

distribution is markedly skewed to the left, unlike the near symmetrical form shown by the 

pre-revised data (Fig. 1). Mathematical analysis of the F distribution shows that the F values 

correspond to a mean ventilation rate of 2 per hour with a GSD of 3 (Ramachandran et al., 

2001).   

Results on the indoor radon, thoron levels and the estimated inhalation dose rates are 

presented in Table 11. The geometric mean radon levels at different locations range between 

4.6 Bq/m3 and 147.3 Bq/m3. Fig. 2 shows the lognormal distribution of indoor radon levels at 

different locations in India, which gives a geometric mean of 23.0 Bq/m3 (GSD 2.61). The 

estimated geometric means of indoor thoron levels at these locations range between 3.5 

Bq/m3 and 42.8 Bq/m3 (Table 11). The lognormal distribution pattern of indoor thoron levels 

is depicted in Fig. 3, which gives a geometric mean of 12.2 Bq/m3 (GSD 3.22). In view of the 

large number of measurements carried out (~3459), the distributions presented in these 

figures can confidently be projected as national representations of indoor radon and thoron 

levels in India.  The relationship between indoor radon and thoron levels is indicated in Fig. 

4, which shows good correlation between the two quantities. The relationship indicates that, 

in general, the indoor thoron concentration is about 50% of that due to indoor radon 

concentration, which is not trivial as considered earlier. All the data from the present project 

as well as other relevant data mentioned in this report have been used for preparing the maps 



   

of indoor radon and thoron concentrations on a national level. Figs. 5 and 6 illustrate these 

maps of indoor radon and thoron levels respectively with color codes to represent different 

concentration levels. 

 
9.2 Radon concentration Dependencies on Different Types of Dwellings 

The variation of indoor radon levels in various types of dwellings is examined using 

the single cup data and the results are presented in Table 12. A scrutiny of this table reveals 

that the radon levels are higher in houses constructed with plastered whitewashed walls and 

mosaic floors. Houses having wooden walls show lowest radon levels. It can be noticed that 

irrespective of the type of walls, houses constructed with tile flooring show lower radon 

levels.  

An analysis has been carried out to evaluate the statistical significance (95% 

confidence limits) of the difference in means of the indoor radon levels among different 

dwelling types (Table 13). This is based on the assumption that the radon levels follow a 

normal distribution and that there is not much variation in the ventilation rates in dwellings. 

Although this analysis does not include all the geographical factors that govern the pattern of 

radon levels, it provides a general representation for the variation of indoor radon levels in 

Indian dwellings. Table 13 shows that the differences in the radon levels among different 

types of floors are small or insignificant when the walls are plastered and painted. This shows 

that most of the radon emanates from the walls and painted walls will reduce the radon 

emanation. When the walls are of plastered and whitewash type, there are significant 

differences between mosaic and any other floor types. Also, whenever mosaic floors are used, 

the differences are significant between different types of walls. Hence this analysis shows 

that the combination of whitewash walls and mosaic floors may lead to higher levels of 

indoor radon. However, the reason for this high radon levels in dwellings having this 

combination is not obvious from the present set of data. More detailed investigation and 

categorization are needed in this respect. 

 

9.3 Estimation of Ventilation Rates 

Several methods are being used to estimate the ventilation rates in dwellings. These 

include tracer gas techniques and SSNTD based techniques. The usual method of determining 

the ventilation rate in a room involves the measurement of the rate of loss of a tracer gas from 

the room. Various tracer gases like CO2, nitrous oxides and 85Kr are being used for these 

measurements. The diurnal variations of indoor radon levels also can be used to estimate the 



   

ventilation rate in rooms (Somayaji, 1960; Shaikh et al., 1992 and Eappen et al., 2000). 

Radon and its short-lived progenies, which are naturally present in air, are also being used as 

a tracer. In the SSNTD based techniques, radon gas and progeny concentrations are estimated 

in rooms using SSNTD dosimeters in membrane and bare modes of exposure on a time 

integrated scale. For steady-state radon and its progeny levels, the ratio of the working level 

(progeny concentration) to radon gas concentration (Bq m-3) is evaluated. This ratio is related 

to the pseudo-ventilation rate and plate-out rate. 

Actual ventilation rate is obtained by subtracting the plate-out rates of attached and 

unattached fractions of radon daughters from the pseudo-ventilation rates. The ventilation 

rates estimated by earlier investigations (Shaikh et al., 1992) in Indian dwellings using this 

method are given in Table 14. The measured ventilation rates varied between 0.42 h-1 and 

4.46 h-1 with a mean of 2.08 h-1 (Relative standard deviation = 49 %). With respect to the 

type of dwellings, the ventilation rates varied from 0.42 h-1 to 2.82 h-1 in chawls and from 

0.52 h-1 to 4.46 h-1 in flats. This wide variation is acceptable due to differences in 

construction and atmospheric conditions. Ventilation rates in some other countries like UK 

and USA range from 0.93 h-1 to 2.89 h-1 and 0.03 h-1 to 1.16 h-1, respectively (Nero et al., 

1983; Israeli, 1985). Being in the temperate region, Indian dwellings are expected to have 

higher ventilation rates compared to dwellings in cold regions.  

 
9.4 Inhalation Dose Rates 

The radon, thoron and their progeny concentrations are converted into inhalation dose 

rates to residents using Eq. 17 and the results are presented in Table 11. This table includes 

contributions from radon and progeny as well as thoron and progeny. The total inhalation 

dose rates estimated vary from 0.27 mSv/y at Kalpakkam to 5.14 mSv/y at Digboi with a 

geometric mean value of 0.97 mSv/y (GSD 2.49).   Inhalation dose rates due to radon and its 

progeny show a geometric mean value of 0.63 mSv/y (GSD 1.52), while that due to thoron 

and its progeny show a geometric mean value of 0.34 mSv/y (GSD 1.44). It can be seen from 

this table that the dose due to thoron and progeny is about half of that due to radon and 

progeny. This fact is also illustrated in Fig. 7, which shows good correlation between the total 

indoor inhalation dose and that due to thoron and its progeny. Contribution of inhalation dose 

rate due to thoron and its progeny is seen to be nearly 17 % of the total inhalation dose rate.  

Nambi et al., (1986) estimated the average external gamma radiation dose rate in 

India as 0.80 mSv/y based on TLD measurements. These data suggest that in normal 

background areas, the inhalation dose rates predominate over the external gamma dose rates. 



   

The distribution pattern of indoor inhalation dose rates is depicted in Fig. 8, which is a 

lognormal distribution. The majority of measurements (out of 3459) indicate that indoor 

inhalation dose rates range between 0.1 and 2.5 mSv/y. The geographical variation of indoor 

inhalation dose rates is also of considerable interest. This information can be used to 

delineate the normal and high background radiation areas. Though the present CRP data is 

not sufficient for such an exercise, an effort has been made to study the geographical 

variation of the indoor inhalation dose rates in India (Fig. 9).  This figure shows that about 11 

locations record dose rates above 1 mSv/y and most of these locations lie in the northeastern 

part of the country. 

 
10. REMEDIAL ACTION LEVELS 

Elevated levels of indoor radon may be encountered in work places other than 

uranium or non-uranium mines as well. An issue of concern today is to prescribe action levels 

(say, in terms of average indoor levels) above which intervention would be desirable to 

reduce the levels of human exposure. Action level is defined as the level of dose rate or 

activity concentration above which remedial actions or protective actions should be carried 

out in chronic exposure or emergency exposure situation. Choice of the action level is 

complex depending not only on the level of exposure but also on the likely scale of action, 

which has economic implications for the community and for the individuals (ICRP, 1993; 

IAEA, 1994).  

 ICRP (1984) sensibly made a distinction between the existing exposure situations, 

where any action would have to be remedial, and future situations, which can be subjected to 

limitation and control at the stage of decision and planning. In this connection, it is pointed 

out that the distribution pattern of indoor radon follows a lognormal distribution, which 

means that there would be a very small fraction of the total that would have large values. The 

geometric mean and geometric standard deviation are appropriate for characterizing this type 

of distribution. Knowing the geometric mean and geometric standard deviation, it is possible 

to predict what fraction of the total population would exceed a given value of the parameter. 

ICRP (1984) has recommended that there is considerable merit in the definition of radon-

prone areas so as to focus attention where it is most exigent and on action where it is most 

effective. A radon prone area may be defined as the one in which about 1 % of the buildings 

has radon concentrations above 200 Bq/m3. The recommended action level is 200 Bq/m3 for  

such a building, which would correspond to an annual effective dose of 5 mSv. On the other 

hand, UNSCEAR (1993) recommends an action level of 400 Bq/m3. 



   

The international recommendations for radon action levels are given in Table 15 

(Sohrabi, 1997).  The results of the present CRP show that the indoor radon levels in India 

are far below the action levels.  Hence, it is clearly demonstrated that most of the dwellings in 

India do not warrant any action level with respect to indoor radon levels. But, the study raises 

some concern about the high inhalation dose rates observed at the northeastern parts of the 

country. 

 
11. CONCLUSIONS 

A countrywide survey on radon and thoron levels has been carried out in Indian 

dwellings under a Coordinated Research Project sponsored by the Board of Research in 

Nuclear Sciences (BRNS) of the Department of Atomic Energy (DAE). Eight universities 

and a few research institutions from different parts of the country participated in the project.   

The survey has been conducted using Solid State Nuclear Track Detector (SSNTD)-spark 

counter based passive detector technique. A good database on the total external radiation 

across the country is already available. One of the objectives of the present project is to 

supplement the external dose component with the inhalation component, which is mainly 

contributed by radon and thoron and their progeny. Calibration factors for the measurements 

have been derived experimentally as well as theoretically. The results show that the radon gas 

concentrations at different locations vary between 4.6 and 147.3 Bq/m3 with an overall 

geometric mean of 23.0 Bq/m3 (GSD 2.61).  Thoron gas concentrations are found to be less 

than the radon gas concentrations at these locations (3.5 to 42.8 Bq/m3) with an overall 

geometric mean concentration of 12.2 Bq/m3 (GSD 3.22).  The inhalation dose rates due to 

radon, thoron and their progeny ranged from 0.27 mSv/y at Kalpakkam to 5.14 mSv/y at 

Digboi with a geometric mean value of 0.97 mSv/y (GSD 2.49).  In general, the indoor 

thoron and progeny concentrations and corresponding inhalation dose rates are found to be 

about half of that due to radon and its progeny.  The geographical distribution pattern shows 

comparatively high inhalation dose rates (> 2.0 mSv/y) in the northeastern part of India, 

which is supported by observations of high concentration of uranium, and thorium in soil and 

rocks in this region. The study also reveals that most of the dwellings in India do not warrant 

any action levels with respect to indoor radon and thoron due to good ventilation prevailing 

in Indian dwellings. However, it raises some concern about the high inhalation dose rates 

observed in the northeastern part of the country.  
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Table 1:  Potential Alpha Energy of Radon and Thoron Progeny 

 
Potential Alpha Energy  

per atom per Bq 
Radionuclide Half-life 

MeV 10-12 J MeV 10-10 J 
222 Rn (Rn) 3.8 d 19.2 3.07 9.5 x 106 14700 
218 Po (RaA) 3.05 min 13.7 2.19 3620 5.79 
214Pb (RaB) 26.8 min 7.69 1.23 17800 28.6 
214Bi (RaC) 19.7 min 7.69 1.23 13100 21.0 
214 Po (RaC’) 164 µs 7.69 1.23 2.0 x 10-3 3.0 x 10-6 

 
220Rn (Tn) 55.6 s 20.9 2.34 1660 2.65 
216Po (ThA) 0.15 s 14.6 2.34 3.32 5.32 x 10-3 
212 Pb (ThB) 10.6 h 7.80 1.25 4.31 x 105 691 
212Bi (ThB) 60.6 min 7.80 1.25 4.1 x 104 65.6 
212Po (ThC’) 304 ns 8.78 1.41 3.85 x 10-6 6.2 x 10-9 

 
   Ref: ICRP, 1981; Jacobi and Eisfield, 1980 : Porstendorfer, 1994 
 
 
 
 

Table 2: Natural Radioactivity Content in Indian Building Materials 
 
Material 40K 

(Bq/kg) 

226Ra 
(Bq/kg) 

232Th 
(Bq/kg) 

Radium equivalent 

Cement 5 – 385 16 – 377 8 – 78 40 – 440 
Brick 130 – 1390 21 – 48 26 – 126 88 – 311 
Stone 48 – 1479 6 – 155 5 – 412 24 – 311 
Sand 5 – 1074 1 – 5047 4 – 2971 22 – 7759 
Granite 76 – 1380 4 – 98 103 – 240 25 – 525 
Clay 6 – 477 7 – 1621 4 – 311 11 – 1865 
Fly ash 6 – 522 7 – 670 30 – 159 56 – 773 
Lime stone 6 – 518 1 – 26 1- 33 5 – 148 
Gypsum 70 – 807 7 – 807 1 – 152 59 – 881 
 
Ref: Menon et al., 1987 
 
 
 
 
 
 
 
 
 
 



   

Table 3:  Natural Radioactivity Content in Indian soil (Bq/kg) 
 
Location 
 

232Th 226Ra 40K Location 232Th 226Ra 40K 

Ahmedabad 53.0 24.8 526.6 Kanpur 23.8 24.0 850.9 
Aligarh 82.0 54.4  530.1 Kharagpur 18.4 15.2 72.2 
Bangalore 16.9 15.2 486.7 Kakrapar 12.4 12.2 94.4 
Bhopal 15.7 11.8 376.8 Chennai 23.1 6.7 766.2 
Bikanir 11.7 8.8 439.6 Mangalore 13.5 9.3 151.2 
Mumbai 13.5 9.4 169.6 Meerut 22.0 22.7 112.3 
Kolkatta 24.1 20.4 662.9 Nagpur 16.5 11.8 307.7 
Cherrapunji 17.4 21.5 37.7 Nainatal 24.8 24.7 979.7 
Chingalput 120.5 22.9 408.2 Nasik 34.4 18.6 290.6 
Coimbatore 10.1 10.2 266.9 Ooty 3.4 2.5 87.8 
Cuttack 61.7 15.3 722.2 Poona 4.2 3.0 87.9 
Darjeeling 24.8 2417 678.2 Ranchi 22.4 24.4 1055.0 
Dehradun 22.6 25.9 803.8 Shillong 23.9 15.5 323.2 
Delhi 19.9 19.2 536.9 Srinagar 18.6 14.8 615.4 
Dhanbad 37.1 53.0 345.4 Tehri 136.2 81.6 328.2 
Gangtok 23.9 26.1 854.1 Thiruvalla 74.3 19.8 25.1 
Gulmarg 20.1 15.9 555.8 Trivandrum 53.2 20.3 37.7 
Hyderabad 45.9 15.2 1073.4 Tiruchirapali 47.8 2070 509.4 
Jaduguda 41.0 179.1 455.3 Visakapatnam 24.8 163.2 376.8 
Jaipur 14.9 11.6 505.5 Udagamandalam 43.2 114.6 272.6 
Jasilmar 37.1 49.0 565.2 Jhansi 12.6 20.4 518.2 
Jamnagar 3.8 2.9 56.5 Kaiga 12.4 12.2 94.2 
Jodhpur 13.1 10.7 458.9 Thumba 27.5 8.9 - 
 
Ref: Mishra et al., 1971; Sadasivan et al., 2001;  Sadasivan et al., 2003: Kamath et al., 1996 

 
 
 

Table 4: Volume Specific Entry Rate and  indoor Radon Levels  from Various Sources 
 

Specific entry rate (Bq.m-3. h-1) Indoor radon concn.* (Bq.m-3)  
Source 
 

Estimated 
mean 

Range 
 

Estimated mean Range 
 

Brick or concrete 
Wooden Houses 

2-20 
< 1 

1-50 
0.05 - 1 

3-30 
< 1 

0.7-100 
0.03 - 2 

Soil 1-40 0.5-200 2-60 0.5-500 
Outdoor air 2-5 0.3-15 3-7 1-10 
Others (walls, natural gas) < 0.1 0.01-10 <0.1 0.01-10 
All sources 6-60 2-200 10-1000 2-500 
 
* Mean ventilation rate used is 0.7 hr-1 (normal range 0.3 – 1.5 h-1) 
 

Ref: ICRP, 1986



   

Table 5: Reported Indoor Radon Levels Around the World 
 

Concentration ( Bq.m-3) Region Country 
AM GM Max GSD 

Africa Algeria 
Egypt 
Ghana 

30 
9 
- 

- 
- 
- 

140 
24 
340 

- 
- 
- 

North America Canada 
United States 

34 
46 

14 
25 

1720 
- 

3.6 
3.1 

South America Argentina 
Chile 
Paraguay 

37 
25 
28 

26 
- 
- 

211 
86 
51 

2.2 
- 
- 

East Asia China 
Hong Kong 
India 
Indonesia 
Japan 
Kazakhstan 
Malaysia 
Pakistan 
Thailand 

24 
41 
57 
12 
16 
10 
14 
30 
23 

20 
- 

42 
- 

13 
- 
- 
- 

16 

380 
140 
210 
120 
310 

6000 
20 
83 
480 

2.2 
- 

2.2 
- 

1.8 
- 
- 
- 

1.2 
West Asia Armenia 

Iran 
Kuwait 
Syria 

104 
82 
14 
44 

- 
- 
6 
- 

216 
3070 
120 
520 

1.3 
- 
- 
- 

North Europe Denmark 
Estonia 
Finland 
Lithuania 
Norway 
Sweden 

53 
120 
120 
55 
73 
108 

29 
92 
84 
22 
40 
56 

600 
1390 
20000 
1860 
50000 
3900 

2.2 
- 

2.1 
- 
- 
- 

West Europe Austria 
Belgium 
France 
Germany 
Ireland 
Luxemburg 
Netherlands 
Switzerland 
U. K 

- 
48 
62 
50 
- 
110 
23 
70 
20 

15 
38 
41 
40 
37 
70 
18 
50 
- 

190 
12000 
4690 
>10000 
1700 
2500 
380 
10000 
10000 

- 
2.0 
2.7 
1.9 
- 

2.0 
1.6 
- 
- 

East Europe Bulgaria 
Czech Republic 
Hungary 
Poland 
Romania 
Slovakia 

- 
140 
107 
41 
45 
87 

22 
- 

82 
32 
- 
- 

250 
20000 
1990 
432 

1025 
3750 

- 
- 

2.7 
2.0 
- 
- 

South Europe Albania 
Croatia 
Cyprus  
Greece 
Italy 
Portugal 
Slovenia 
Spain 

120 
35 
7 

73 
75 
62 
87 
86 

105 
32 
7 
52 
57 
45 
60 
42 

270 
92 
78 
490 

1040 
2700 
1330 
15400 

2.0 
- 

2.6 
- 

2.0 
2.2 
2.2 
3.7 

Oceania Australia 
New Zealand 

11 
20 

8 
18 

420 
90 

2.1 
- 

Median  46 37 480 2.2 
Population weighted average  39 30 1200 2.3 
Ref: UNSCEAR, 2000 



   

Table 6: Outdoor and Indoor Thoron Levels Around the World 
 

Equilibrium equivalent 
concentration (Bq.m-3) 

220Rn/222Rn EEC ratio  
Country 

Outdoor Indoor Outdoor Indoor 
North America 
 
United States of America 

- 
 

0.09 
(0.03 - 0.3) 

0.5 
(0.03 - 4.7) 

0.2 
(0.1- 0.3 ) 

- 0.04 

China 0.4 0.8 0.05 0.07 
Hong Kong 0.3 

(0.1 - 0.5) 
0.8 

(0.4 - 1.2) 
0.04 0.06 

Japan 0.09 
(0.03 - 0.12) 

0.7 
(0.04 –2.1) 

- 0.2 

Malaysia 0.5 
(0.3 - 1.8) 

1.1 
(0.4 - 2.1) 

0.08 0.08 

France - 0.8 
(0.6 - 13.3) 

- 0.03 

United Kingdom - 0.3 
(0.07 - 1.1) 

- 0.02 

Germany - 0.5 
(0.1 - 1.0) 

- - 

Republic of Moldova 0.2 1.0 
(0.1 - 6.4) 

0.04 0.05 

Romania 0.3 
(0.1 - 0.6) 

1.1 
(0.1 - 6.4) 

0.05 0.04 

Russian Federation - - 
(1.1 –7 .1) 

- 0.09 
(0.02 - 0.24) 

Italy - 12 
(0.5 - 76) 

- 0.11 
(0.01 - 0.38) 

Slovenia 0.12 
(0.05 - 0.37) 

- 0.013 - 

Range (0.09  -  0.5) (0.2 – 12) 0.01- 0.08 0.01- 0.5 
 
 Ref: UNSCEAR, 2000 



   

 
Table 7:   Uranium, Thorium and Potassium Content in Indian Rocks 

 
 
State 

238U 
( Bq/kg) 

232Th 
(Bq/kg) 

Potassium 
( % ) 

40K 
(Bq/kg) 

Andaman & Nicobar 31.5 27.4 1.22 378.2 
Andhra Pradesh 33.2 40.9 1.65 511.5 
Arunachal Pradesh 34.9 98.2 2.00 620.0 
Assam 63.0 129.3 2.41 747.1 
Bihar 40.9 36.9 1.62 502.2 
Damam & Diu 55.7 24.5 1.63 412.3 
Delhi 32.6 30.4 1.87 579.7 
Goa 33.0 30.5 1.33 412.3 
Gujarat 55.7 24.5 1.63 505.3 
Haryana 32.6 30.4 1.87 579.7 
Himachal Pradesh 32.6 30.4 1.87 579.7 
Jammu & Kashmir 43.4 29.0 1.76 545.6 
Karnataka 33.0 30.5 1.33 412.3 
Kerala 45.1 47.6 1.80 558.0 
Madhya Pradesh 44.0 31.6 1.48 458.8 
Maharashtra 31.7 33.4 1.64 508.4 
Manipur 95.2 36.2 1.63 505.3 
Meghalaya 66.7 32.0 1.67 517.7 
Mizoram 35.5 28.8 1.87 579.7 
Nagaland 89.1 39.5 2.00 620.0 
Orissa 35.4 110.3 1.61 499.1 
Pondicherry 27.4 33.1 1.52 471.2 
Punjab 32.6 30.4 1.87 579.7 
Rajasthan 36.7 32.1 1.64 508.4 
Tamil Nadu 27.4 33.1 1.52 471.2 
Tripura 33.1 28.5 1.55 480.5 
Uttar Pradesh                32.9 33.8 2.03 629.3 
West Bengal                  47.9 45.1 1.86 576.6 
 
 Ref: Sankaran et al., 1986 



   

 
Table 8: Calibration Factors (CFs) for the Cup Mode and Bare Mode Exposures 

 
Calibration Factors (Tr.cm-2/Bq.d.m-3) for 

Radon  Thoron  
 

Mode of Exposure 
Filter Membrane Filter Membrane 

Cup Mode Exposure 
Experimental 
Theoretical 

 
0.02 ±  0.004 

0.021 

 
0.019 ±  0.003 

- 

 
0.017 ±  0.003 

0.016 

 
0.0 
- 

Bare Mode Exposure 
Experimental 
Theoretical 

 
0.020 ±  0.002 

0.019 

 
0.019 ±  0.003 

0.019 
 

Ref:  Mayya et al., 1998; Eappen et al., 2001 
 
 
 

Table 9: Average Concentration of Radon, Thoron and Their Progeny in Air and  
Corresponding Annual Effective Doses 

 
Concentration 

(Bq.m-3) 
Effective dose 

equivalent 
(nSv/Bq.h.m-3) 

Annual effective 
dose (µµSv) 

Radionuclide Location 

Gas EEC+ Gas EEC Gas EEC 
Radon Outdoor 10 6 0.17 9 3 95 
 Indoor 40 16 0.17 9 48 1009 
Total  1155 
Thoron Outdoor 10 0.1 0.11 40 2.0 7.0 
 Indoor 10 0.3 0.11 40 8.0 84 
Total    101 
Total Annual Effective Dose Equivalent Due to Radon and Thoron (µµSv)                                  1256 
 
+  This is the equilibrium equivalent concentration (EEC) of radon/thoron and is the product 
of the concentration of radon/thoron and the equilibrium factor between radon/ thoron and its 
decay products. The   equilibrium factor has been taken as 0.6 for outdoor and 0.4 for indoor 
in the case of radon. In the case of thoron F is taken as 0.01 for outdoor and 0.03 for indoor. 
These values are weighted for an occupancy factor of 0.2 for outdoor and 0.8 for indoor. 
 
Ref: UNSCEAR, 2000 
 
 



   

Table 10: Indoor Radon Levels and Equilibrium Factors in Indian Dwellings using 
                           single cup dosimeter 
 

Radon levels (Bq m-3) Equilibrium factor State 
  

Sites No. of 
houses 
 

Max Min GM GSD Max Min GM GSD 

Andhra Pradesh 5 5 41.8 6.4 17.5 1.7 0.93 0.27 0.46 1.4 
A & Nicobar 1 1 15.6 10.0 13.4 1.2 0.58 0.46 0.51 1.1 
Arunachal Pradesh 1 1 27.6 16.9 20.6 1.2 0.35 0.24 0.29 1.2 
Assam 2 5 88.7 43.7 67.6 1.1 0.87 0.48 0.67 1.1 
Bihar 9 15 92.6 7.4 40.9 1.9 0.92 0.32 0.61 1.2 
Chaidigarh 1 1 29.9 19.3 25.6 1.2 0.42 0.33 0.36 1.1 
Delhi 1 1 39.8 12.7 18.4 1.4 0.90 0.36 0.59 1.4 
Goa 1 1 23.4 8.8 15.5 1.4 0.59 0.42 0.53 1.2 
Gujarath 3 3 26.4 9.4 15.0 1.4 0.94 0.39 0.65 1.3 
Haryana 2 4 96.8 7.0 32.1 2.6 0.85 0.36 0.54 1.4 
Himachal Pradesh 3 3 43.6 10.4 18.3 1.4 0.80 0.36 0.57 1.3 
Karnataka 6 6 56.9 16.7 14.9 1.6 0.86 0.29 0.46 1.4 
Kerala 9 9 51.3 7.1 17.0 1.6 0.95 0.21 0.51 1.5 
Maharashtra 5 5 35.2 7.6 21.2 1.4 0.88 0.30 0.48 1.3 
Madhya Pradesh 2 2 45.8 12.2 21.3 1.5 0.67 0.32 0.44 1.3 
Meghalaya 2 2 33.7 11.6 17.3 1.4 0.92 0.30 0.48 1.5 
Orissa 3 12 64.8 14.6 30.1 1.6 0.67 0.21 0.42 1.4 
Punjab 4 4 93.0 9.0 44.7 2.2 0.87 0.30 0.55 1.4 
Pondicheery 1 1 14.2 6.9 9.9 1.3 0.63 0.42 0.48 1.2 
Rajashtan 2 2 66.9 7.9 21.4 2.3 0.77 0.26 0.44 1.5 
Sikkim 1 1 55.9 25.1 38.3 1.3 0.34 0.31 0.32 1.0 
Tripura 1 1 59.3 25.1 40.0 1.5 0.59 0.28 0.41 1.3 
Tamil Nadu 11 11 51.9 5.9 15.3 1.7 0.75 0.20 0.44 1.3 
Uttar Pradesh 6 6 95.4 10.5 27.0 1.8 0.81 0.31 0.54 1.3 
West Bengal 3 3 95.4 6.4 25.5 2.1 0.95 0.21 0.54 1.4 
National Average 85 107 95.4 6.4 25.5 2.1 0.95 0.21 0.54 1.4 

Ref: Ramachandran et al., 1995a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

Table 11: Indoor 222Rn, 220Rn levels and Inhalation Doses (Present CRP data) 
 

222Rn 
( Bq. m-3) 

220Rn 
(Bq. m-3) 

Inhalation dose 
(mSv. y-1) 

No Location No. of 
Houses 

GM GSD GM GSD 222Rn + 
Progeny 

220Rn + 
Progeny 

Total  
inhalation 

dose 
(mSv. y-1) 

01 Patiala 91 11.2 2.2 6.3 2.7 0.37 0.07 0.44 
02 Chandigarh 40 15.9 1.7 8.4 2.4 0.53 0.10 0.63 
03 Palanpur 30 29.2 1.7 14.6 2.4 0.96 0.17 1.13 
04 Amritsar 70 14.0 2.0 7.8 2.7 0.46 0.09 0.55 
05 Hamirpur 29 48.8 1.8 32.3 2.4 1.61 0.37 1.98 
06 Tehri 121 41.6 1.7 13.1 2.2 1.37 0.15 1.52 
07 Kumaun Hill 68 18.9 1.5 21.1 2.1 0.62 0.24 0.86 
08 Hyderabad 72 4.6 2.1 3.5 3.3 0.15 0.04 0.19 
09 Secunderabad 80 48.5 2.1 34.0 3.3 1.60 0.39 1.99 
10 Chennai 100 14.3 2.3 6.4 3.3 0.48 0.08 0.55 
11 Chennai suburbs 113 15.1 1.7 13.5 2.1 0.50 0.16 0.66 
12 Kalpakkam 42 6.3 1.8 5.7 1.9 0.21 0.07 0.28 
13 Mysore 70 21.5 2.7 19.6 3.1 0.71 0.23 0.94 
14 Mysore surburbs 106 9.7 2.7 11.4 3.1 0.32 0.13 0.45 
15 Kamptee 12 8.7 2.3 6.1 2.9 0.29 0.07 0.36 
16 Nagpur 84 54.3 3.3 15.1 4.2 1.79 0.17 1.96 
17 Guwahati 48 48.1 1.7 25.4 1.7 1.59 0.29 1.88 
18 Shillong 29 59.7 2.0 29.5 2.1 1.97 0.34 2.31 
19 Karimganj 7 37.6 1.5 10.2 1.7 1.24 0.12 1.36 
20 Kailash sahar 5 31.3 1.6 15.5 1.9 1.03 0.18 1.21 
21 Itanagar 65 41.1 1.7 28.6 1.8 1.36 0.33 1.69 
22 Mizoram 17 27.6 1.7 12.1 2.0 0.91 0.14 1.05 
23 Namrup 10 147.3 1.4 23.6 2.1 4.87 0.27 5.14 
24 Digboi 20 60.5 1.7 42.8 2.3 1.15 0.21 1.36 
25 Agarthala 57 34.7 1.7 18.3 2.1 0.21 0.07 0.28 
Mean radon concentration (Bq. m-3) 23.0 
Mean thoron concentration (Bq. m-3) 12.2 
Mean total inhalation dose rate (mSv. y-1) 0.97 

 
 
 



   

Table 12:  222Rn Levels in Different Types of Dwellings 
 

Wall Type Flooring No. of 
houses 

GM (AM) 
(Bq . m-3) 

GSD (SD) 

Bare Cement 4 20.8  (21.6) 1.3   (7.0) 
Plaster and painted Cement 

Mosaic 
Tile 

121 
95 
12 

20.2 (23.4) 
18.1 (21.4) 
12.9 (13.5) 

1.7   (13.2) 
1.8   (13.2) 
1.4    (4.0) 

White washed Stone 
Cement 
Mosaic 
Wood 
Tile 

1 
11 
7 
4 
4 

28.5 (28.5) 
15.1 (18.5) 
34.8 (38.9) 
15.4 (17.8) 
12.1 (13.0) 

1.0    (0.0) 
1.8    (14.9) 
1.7    (18.0) 
1.7    (11.9) 
1.5    (4.8) 

Wooden panel Cement 
Mosaic 

3 
8 

10.8 (10.9) 
13.7 (13.9) 

1.1    (1.4) 
1.2    (2.9) 

 
 

Table 13:  Statistical significance between radon level and type of dwelling 
 

Wall Floor Difference 
of means 

Statistical 
estimate 

95 % Conf. 
limits Remarks 

Cement  
Mosaic  

2.00 2.30 -2.5 to 6.5 
No 
difference 

Cement  
Tile  

9.90 1.66 6.7 to 13.8 
Small 
difference 

Mosaic  

Plaster and 
paint  

Tile  
7.90 2.28 3.4 to 12.3 

Small 
difference 

Mosaic  
Cement 

20.40 8.15 4.1 to 36.4 
Significant 
difference 

Cement  
Tile  

5.50 5.09 -4.5 to 15.5 
No 
difference 

Mosaic  
Wood  

21.10 9.04 3.4 to 38.3 
Significant 
difference 

Mosaic  
Tile  

25.90 7.21 11.8 to 40.0 
Significant 
difference 

Wood  

Plaster and 
whitewash  

Tile  
4.80 6.42 -7.8 to 17.4 

No 
difference 

Mosaic 
Wood  

Cement 
3.00 1.31 0.4 to 5.6 

Small 
difference 

Floor Wall Difference 
of means 

Statistical 
estimate 

95 % 
Conf.limits  

Remarks 

Plaster/paint  
Cement  

Plaster/whitewash 
4.90 4.65 -4.2 to 14.0 

No 
difference 

Plaster/whitewash 
Plaster/paint 

17.50 7.08 3.6 to 37.4 
Significant 
difference 

Plaster/whitewash 
Mosaic floor 

Wood  
25.00 6.89 11.5 to 38.5 

Significant 
difference 

 



   

Table 14:  Ventilation Rates in Indian Dwellings 
 

Type of 
dwelling 

Pseudo 
ventilation 
Rate (h-1) 

Plate out 
rate (h-1) 

Actual 
ventilation 
rate (h-1) 

Mean 
ventilation 
rate (h-1) 

3.9 1.43 2.43 
2.4 1.07 1.33 
1.5 1.10 0.42 
3.7 0.90 2.82 
3.7 1.43 2.27 

Chawl 

2.1 1.02 1.08 

1.73 

 
5.0 1.38 3.62 Bungalow  
4.5 2.61 1.89 

2.76 

 
4.7 2.73 1.97 A/C room 
4.9 2.59 2.31 

2.14 

 
3.0 1.02 1.98 
2.5 1.98 0.52 
3.6 1.45 2.15 
6.7 2.24 4.46 
3.3 1.69 1.61 
2.8 1.76 1.04 
5.5 2.08 3.42 

Flat 

3.7 1.65 2.05 

2.15 

 
Ref: Shaikh et al., 1992 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

Table 15:  Action Levels Reported in Literature 

 

Action Level ( Bq/m3) Country 
Old 

Building 
New 

Building 

Remarks and/or recommended time 
for remedial action 

Australia 200 200 ….. 
Austria 400 400 …….. 
Canada 800 …. …….. 
Denmark 200 200 ……. 
Germany 250 250 A time frame band and on the basis of a 

life time (60 y) cumulative exposure of 
15,000 Bq/m3 y; 10 times higher than 
the UK (NRPB) level 

Ireland 20 
 

200 …….. 

Sweden 200 70 Between 70 to 200 should be reduced 
by simple measurements if possible 

United Kingdom 200 200 A time frame band on the basis of a life 
time (60 y) cumulative exposure of 
1500 Bq/m3, a few years; for 750 to 
7500 Bq/m3, within a few months; 
above 7500 Bq/m3, immediate action or 
evacuation. 

United States 150 150 …….. 
ICRP 65 200 – 600 200 – 600 …….. 
IAEA-BSS 200 – 600 200 – 600 …….. 
CEC 400 200 …….. 
WHO 200 – 300 200 – 300 …….. 

 
Ref: Sohrabi, 1997 
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Fig 1.  Frequency distribution of equilibrium factors
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Fig. 2  Distribution pattern of indoor radon levels

GM = 23 Bq.m-3 (GSD = 2.61)

 

 

O
C

C
U

R
E

N
C

E
S

RADON CONCENTRATION (Bq/m3)

 

 

R
ad

o
n

 (
B

q
/m

3 )

Cumulative frequency

 



   

20 40 70 95 99.5

10

100
10 20 30 40 50 60 70 80 90 10

0

11
0

12
0

13
0

14
0

15
0

0

200

400

600

800

Fig. 3  Distribution pattern of indoor thoron levels

GM = 12.22 Bq/m3 (GSD = 3.22)
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