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Abstract :

Study of radon, thoron and its progeny level is very much important for assessing environmental

impact in a society, inhalation and ingestion of which may cause lung cancer, stomach cancer etc. Worldwide

radon survey is going on to know the inhalation dose received by the common people, dwellings in the

study area. Bhaba Atomic Research Centre developed some standard devices for measurement of radon,

thoron and its progeny level in the environs. BARC Dosimeter cup and LR-115 Type II detectors were used

to calculate the concentration of radon, thoron and its progeny in the environs of some specific places of

Karbi Anglong district of Assam.The radon concentration varies from 98.16 ± 7.38 Bq/m3 to 224.82 ±

11.15 Bq/m3 in RCC type of houses. The annual average radon concentration in different Assam type of

houses varies from 84.93 ±6.84 Bq/m3 to 217.45 ± 10.99 Bq/m3. It has been observed that average annual

radon concentration for RCC type of houses is 163.45 Bq/m3 and that for Assam type of houses is 129.05

Bq/m3. The annual effective dose due to radon and thoron in RCC type of houses varies from 1.92 mSv to

4.20 mSv where as in Assam type of houses it varies from 1.52 mSv to 3.98 mSv.

1 INTRODUCTION :

Inhalation of radon (222Rn) and its short lived

daughter products (218Po, 214Po) contribute a major

fraction of total dose to human beings from all possible

sources of natural radioactivity. Radon (222Rn) decays

to 218Po (RaA, 3.05 min), 214Pb (RaB, 26.8 min), 214Bi

(RaC, 19.7 min), 210Pb (RaD, 22.3 years) etc. Radon

is chemically inactive and does not bind to tissues but

upon inhalation the radon daughters like 218Po, 214Pb

irradiates the lung tissues by -particles of energies

6.0 Mev and 8.7 Mev respectively. Such -exposure

is supposed to be one of the serious causes of increased

incidence of lung cancer, skin cancer etc. [M.Sen et

al., 1998]. Some fractions of radon progeny will also

penetrate into the blood from the lungs and irradiate

the whole human body [Nikezic D and Yu K.N, 2009].

The concentration of radon in dwellings is

influenced not only by the building materials but also

to a large extent by other factors such as natural

ventilation, opening and closing of doors and

windows, movement of people in and out of the

dwellings etc. Because of poor ventilation, the levels

of radon and its daughters in the environs are very

high which is supposed to be the cause of increased

lung cancer.

Though a nationwide survey has already been

carried out on radon and its progeny by many

institutions, universities and research centers, very few

data were reported from the North-Eastern part of India

and particularly no data was reported from Karbi

Anglong and NC Hills district.

In Karbi Anglong and N-C Hills districts and some

places of Kamrup and Nagoan districts, many people

were affected from fluoride present in drinking water.

Some experiments indicate that fluorine can react with

radon and form radon fluoride (EPA report, 2007). Isam

Salih et al., (2004) observed a positive correlation

between fluoride and radon concentration in water

samples. They pointed out that high fluoride

concentrations may either increase the amount of radon

in water (from field observation) or/and retain radon

already present in the solution (from laboratory studies).

As mentioned earlier, about 8% of the population of
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Karbi Anglong district suffered from various diseases

like Dental flourosis, Skeletal flourosis, Non-Skeletal

flourosis etc.

Looking at these facts, in the present study, an

attempt has been made to study the concentration of

radon/thoron and its progeny level in indoor air in some

dwellings of Karbi Anglong district of the state Assam,

India.

2 Geographical location of Study area:

The global position of Karbi Anglong district is -

latitudinal extension 25032/ North - 26033/ North and

longitudinal extension 92009/ East - 93052/ East. Going

by latitude and longitude, the exact geographical location

of Bokajan town is at 26.02o  North and 93.78o East.

It has a mean elevation of 138 meters (452 feet) above

sea level. The Cement Corporation of India Limited

has one of its units in this town.

3 EXPERIMENTAL PROCEDURES :

MEASUREMENT OF RADON, THORON AND

THEIR PROGENY USING SSNTDS.

In the present study, strippable cellulose nitrate

film, LR-115 (type-II) plastic detector manufactured

by Kodak Pathe was exposed for the measurement of

indoor radon and thoron using plastic twin chamber

dosimeter cups (BARC type). The exposure was done

in three different modes (i) bare mode (ii) cup with filter

paper and (iii) cup with filter paper-mylar-filter paper

(P. C Deka et al., 2003).

The bare mode registered tracks due to total -

activity, the detector facing the filter paper only,

registered tracks resulting from the decay of radon and

thoron and the detector facing filter paper-mylar-filter

paper had registered the tracks of -particles due to

the decay of radon only.

For the present investigation, the exposure was

done for a period of one complete session in some

selected Assam Type (AT) houses of various places of

Karbi Anglong district of Assam. The cups were placed

at least 1 m above the ground level and 15 cm away

from the nearest wall or roof. Five AT houses were

selected at each place for the study of indoor radon,

thoron and their progeny.

The detectors were retrieved and etched in 2.5 N NaOH

solutions at 60 0C for a period of 90 minutes. For

uniform etching, a Remi magnetic stirrer was used. The

microscopically visible tracks were then counted in a

Carl Zeiss microscope under magnification of 400X.

The radon and thoron concentrations are determined

by using the following relations(K.K. Dwivedi et al.,

2001)
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Where  C
R
 = concentration of radon in Bq/m3

            C
T
 = concentration of thoron in Bq/m3

   T
1
= Track density recorded in the membrane modes

of exposure.

   T
2
 = Track density recorded in the filter paper

compartment exposure.

            d = No. of exposure days.

            K
R
 = 0.020 Tcm-2 / Bq.d.m-3 is the sensitivity

factor for radon in the membrane compartment.

            K
T 
  = 0.019 Tcm-2 / Bq.d.m-3 is the sensitivity

factor for thoron in the filter paper compartment.

From the obtained values of radon and thoron,

the daughter concentration of radon and thoron in terms

of Potential Alpha Energy Concentration (PAEC) in

mWL has been calculated using the relation

(ICRP, 1993)

C
R 

or C
T 
(Bq/m3) =PAEC (WL) x 3700/F

Where F is equilibrium factor and its value is 0.4

and 0.1 for radon and thoron respectively (UNSCEAR,

1999). Annual exposure due to radon and its progeny

have been calculated by using the generic relations

(ICRP, 1981). In a home with PAEC of 1 mWL, the

annual exposure in WLM is (365 X 24 X 0.8) /(170 x

1000) = 0.0412 WLM.

The PAEC was converted into annual effective

dose by using dose conversion factors; the radon

daughter dose conversion factor for members of the

public is 3.9 mSv per WLM (ICRP, 1993), whereas

the effective dose equivalent for thoron is 3.4 mSv per

WLM (UNSCEAR, 1993).
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RESULTS AND DISCUSSION :

4. MEASUREMENT OF RADON, THORON

AND THEIR PROGENY CONCENTRATION

IN BOKAJAN SUBDIVISION.

The indoor radon, thoron and their progeny

concentration in the Bokajan town and the adjoining

areas were measured for one complete session in all

the four seasons. In the study area, mainly two types of

houses were selected viz. RCC type and Assam type.

The annual average values of radon concentration in

different RCC and Assam type of houses are shown in

the Fig.1which shows the variation of annual average

indoor radon concentration in different places of RCC

type of houses of Bokajan subdivision. The radon

concentration varies from 98.16 ± 7.38 Bq/m3 to

224.82 ± 11.15 Bq/m3 in RCC type of houses. Fig.2

shows the variation of annual average radon

concentration in different Assam type of houses in the

range of 84.93 ±6.84 Bq/m3 to 217.45 ± 10.99 Bq/

m3. It has been observed that average annual radon

concentration for RCC type of houses is 163.45 Bq/m3

and that for Assam type of houses is 129.05 Bq/m3.

Fig.1. Annual average radon concentration in RCC type of

buildings in different locations of Bokajan Sub division.

Fig. 2.  Annual average radon concentration in Assam type of

houses indifferent locations of Bokajan sub division.

Also, from the present investigation ,it it is

observed that the annual average thoron concentrations

for RCC type of houses varies from 33.80 ± 4.44

Bq/m3 to 78.13 ± 6.76 Bq/m3 whereas in Assam type

of houses it varies from 29.10±4.12 to 65.23±6.17

Bq/m3. The annual average values of thoron

concentration in RCC and Assam type of houses are

57.02 Bq/m3 and 43.48 Bq/m3 respectively. Thus,

higher values of radon and thoron concentrations are

observed in RCC type of houses compared to Assam

type. Fig. 3 and 4 shows the variation of indoor thoron

concentration in different RCC and Assam type of

houses respectively. The reason for higher values in

RCC type of houses may be due to the nature of the

building materials used for the construction purposes.

The higher levels of radon and thoron concentration

in the dwellings also depend upon the type of floor

area. Emanation of radon from soil surface is higher

than the cement plastered floor area (BARC report,

2003). Radon and thoron concentration in the

dwellings of the studied locations are within the

International Commission on Radiological Protection

action level of (200-600) Bq.m-3 [ICRP, 1993].

Fig. 3Variation of average thoron concentration in RCC type

of houses in different locations of Bokajan sub-division.
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Fig. 4 Variation of average thoron concentration in Assam

type of houses in different locations of Bokajan sub-division.

The progeny working level due to radon in RCC

type of houses varies from 10.8± 0.80 mWL to

24.73±1.22mWLwith a mean value of 17.98 ± 1.04

mWL. The annual exposure to the occupants due to

radon concentration varies from 0.44 ± 0.03 WLM to

1.02 ± 0.05 WLM with a mean value of 0.74 WLM

for the RCC type of houses. The variation of thoron

progeny level in the studied location ranges from 0.91

± 0.12 mWL to 2.10± 0.18 mWL with a mean value of

1.53 ± 0.15 mWL. The annual exposure to the

occupants due to thoron varies from 0.037 ± 0.004

WLM to 0.086 ± 0.007 WLM with a mean value of

0.062 WLM for the RCC type of houses. The total

annual effective dose received by the inhabitants due to

radon and thoron concentration from RCC type of

houses varies from 1.92 mSv to 4.20 mSv with a mean

value of 3.09 mSv.

The progeny working level due to radon

concentration in the Assam type of houses varies from

8.79±0.73 mWL to 23.91±1.20 mWL with a mean

value of 14.19± 0.92 mWL and that due to thoron

concentration, it varies from 0.78±0.11 mWL to

1.76±0.17 mWL with a mean value of 1.17 ± 0.13

mWL. The annual exposure due to radon in Assam type

of houses varies from 0.362 ± 0.03 WLM to 0.985 ±

0.04 WLM with a mean value of 0.0.584 WLM and

that due to thoron, it varies from 0.032 ± 0.004 WLM

to 0.072 ± 0.007 WLM with a mean value of 0.048

WLM. The total annual effective dose due to radon

and thoron concentration from Assam type of houses

varies from 1.52 mSv to 3.98 mSv with a mean value

2.44 mSv.

Fig.5 shows the seasonal variation of mean indoor

radon concentration in RCC and Assam type of houses.

As expected, the average radon values are found to be

maximum in winter and minimum in summer for both

the type of houses. Similar variations were reported by

S.D.Francesco et al., (2010); S.Singh et al.(2002,

2005); M.Manousakas et al., (2010); R.C.Ramola et

al., (1997).

 Fig. 5 Seasonal variation of mean indoor radon concentration

in RCC and Assam type of houses.

Again, for the observation of seasonal variation

due to thoron concentration for both RCC and Assam

type houses, a figure has been plotted.

Fig.6 shows the maximum value of thoron

concentration during winter and minimum during

summer. Similar variations were reported by P.C.Deka

et al., (2003); K.K.Dwivedi et al., (2001); R.C.Ramola

et al., (1989). Poor ventilation system is considered to

be the main cause of high radon or thoron concentration

during winter.

Fig. 6  Seasonal variation of mean thoron concentration

in RCC and Assam type of houses

For the comparison of level of radon and thoron

concentration in RCC and Assam type of houses, it can

be readily observed that RCC type of houses accumulate

more radiation exposure as compared to Assam type

being maximum during winter and minimum in summer.

From the data it is observed that the level of indoor

radon concentration is higher in Bokajan subdivision as

compared to other two subdivisions.
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All the dwellings have higher annual effective dose in

RCC type of dwellings as compared to Assam type.

Therefore, observing all the reports, it can now be placed

that Assam types of houses are more suitable from the

radiation exposure point of view.
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