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Bhabha Atomic Research Centre,

Bombay - 400 085, India.

ABSTRACT

Natural radioactivity due to radon and its progeny levels

indoors contributes significantly to the total radiation to man.

The main source of radon and its progeny in a dwelling is the

emanation of radon gas from soil. The temperature and ventilation

vary in a dwelling during the year. These parameters influence

the indoor radon levels. The seasonal variation of radon was

studied in a dwelling as well as in the outside air. The filter

paper method and alpha counting, and the solid state track detec-

tor technique and track counting were used to study the radon

levels. The geometric mean of radon daughters concentrations were

0.5 mWL and 0.8mWL measured by filter-paper method and SSNTD

method respectively. The geometric mean of radon concentrations

were 6.2 Bqm-3 and 10.0 Bqm-3 by filter-paper method and SSNTD

method respectively.



INTRODUCTION

It has been estimated that inhalation of short lived daugh-

ters of radon-5:22 amounts, on an average, to about one half of

the total effective dose equivalent to man from all natural

sources of radiation (1). Sometimes the dose due to radon and its

progeny reaches high values to be of concern to human health. The

awareness of the potential health hazard from radon progeny in

the indoor environment is steadily growing. The sources of indoor

radon are building material, water supplies and the soil underly-

ing the building. There are several papers describing the

measurements of radon in dwellings (2, 3, 4). t'e have initiated a

programme of country-wide indoor radon measurements in India. In

a preliminary survey of dwellings in the city of Bombay, we have

obtained an average value of 0.8 mWL of potential alpha energy

concentration vsrvinft from 0.2 to 2,0 mWL (5). One of these

houses was selected for studying the variation of radon and its

daughter concentrations during all the seasons of the year. It

was a bungalow type of dwelling located about 6 km from Bhabha

Atomic Research Centre.

METHODS AND MEASUREMENTS

We have used two methods namely the filter paper method for

spot sampling and the Solid State Nuclear Truck Detector (SSNTD)



method for time integrated measurements of radon and its progeny

levels. In the filter paper method radon daughters are measured

by collecting air borne particles on a filter paper inside the

dwelling by sucking air through a 2.5 cm dia Millipore filter

paper (type AA) at 20 lpm for a period ranging from 30 to 40 min.

After a delay of 1 min the alpha activity y of the filter paper

samples is counted using a ZnS(Ag) detector system coupled to

counting system. The counting is continued for 100 min with peri-

odic intervals (6) and the data is then processed by using a com-

puter program, which using the least squares fitting method, es-

timates the concentrations of RaA, RaB, RaC (7). The radon con-

centration in terms of Bqnr3 is obtained from the ratios of the

individual daughters and the known values of their decay

constants.

The time integrated method involves the exposure of small

strips of LR-115 type II detectors to the indoor environment for

a known period of time. It is exposed in a bare mode to measure

the Potential Alpha Energy Concentrations (PAEC) and within a

plastic cup whose mouth is covered by a semipermeable membrane to

obtain radon concentration. After exposing the detectors for a

known period of time, they are retrieved and chemically etched in

2.5 N NaOH solution at a constant temperature of 60°C for 2

hours. These detector configurations were calibrated in an ear-

lier set of controlled experiments where they were exposed to

known concentrations of radon and its daughters in a radon-



aerosol chamber (8). These detectors have also been recently

calibrated as a part of the Australasian Regional Intercomperrion

programme for radon,carried out by the Australian Radiation

Laboratory, Melborn, Autralia during 1987, and our results have

been found to be within ± 10% of the absolute values (9).

RESULTS AND DISCUSSION

SSNTDs were exposed in the dwelling for each month of the

year during 1988 to obtain monthly Ievel3 of radon and its

progeny. Every fortnight of the month filter paper samples were

also collected. About 200 outdoor samples were also taken to

study the annual variation.These data are plotted in figures 1

and 2. Fig. 1 shows the variation of radon daughter concentration

in milli working levels in the dwelling,obtained by both SSNTD

and filter-paper method. Figure 2 shows the variation of radon

concentration in Bqm-3 in the dwelling mesured by SSNTD and

filter-paper methods. Figure 3 shows the variation of radon

levels expressed in terms of Bqnr8 of the dwelling and is com-

pared with the outdoor radon levels at BARC campus throughout the

year. Table 1 gives the variation of the potential alpha energy

levels with the seasons of the year. Table 2 gives the variation

of the radon concentration with the seasons of the year. Table 3

gives the estimated annual effective dose equivalent for dif-

ferent seasons of the year.



The distribution of radon levels in dwellings is found to be

log-normal (1), hence for radon values geometric means are

calculated.

As given in Table 1, for the dwelling, SSNTD method has given

an annual geometric mean value for the potential alpha energy-

concentration (PAEC) of 0.8 mWL with geometric standard deviation

of 3.4. PAEC levels are minimum of 0.1 ruWL in April and July and

a maximum of 4.4 mWL in December. Filter-paper method has given

an annual geometric mean for PAEC of 0.5 mWL with geometric

standard deviation of 2.9. PAEC levels are minimum of 0.1 mWL in

April and July and maximum of 2.2 mWL in December. The authors

have also studied a ground floor small dwelling at Chembur Camp

during 1986-87 (10) and Airconditioned room in 1986 (11). PAEC

values measured at these places are compared with the values

measured at the present dwelling. During winter season, mWL has

maximum values of 2.0 mWL and 3.7 mWL measured by filter-paper

and SSNTD method respectively. During monsoon season, mWL has

minimum values of 0.2 mWL and 0.4 mWL measured by filter-paper

and SSNTD method respectively.

As given in Table 2 for the dwelling, filter-paper method

has given an annual geometric mean value for radon levels of 6 2

Bqm-3 with geometric standard deviation of 2.3. Radon levels have

minimum values of 1.1 Bq m-3 in April and maximum value of 28.6

Bqm-3 in December. SSNTD method has given an annual annual



geomfttric mean of 10.0 Bq ni-s with geometric 3tandard deviation

of 2.3 with minimum value of 1.9 Bqm-3 in April and maximum of

40.1 Bqm-3 in December. The radon levels measured at the dwelling

at Chembur Camp (10) are compared with the present dwelling in

Table 2.

The monthly variations of radon progeny levels in the dwelling

are shown in the figure 1. The milli-working levels measured by

SSNTD method are about 2 times higher than the levels measured by

filter paper method in winter season, while in the months of July

and August, the difference is not significant. By SSNTD method

mWL is measured,integrated over a period of about 30 days, while

by filter-paper method mWL is obtained by taking an hourly sample

twice in a month. The radon progeny levels depend on their build-

up, ventilation and the losses on the surfaces. These parameters

are probably not varying much during July to August for hourly

sample or monthly sample because of good ventilation. In winter

season, the windows are closed and hence there is more build-up

of radon daughters, which is reflected in the higher radon levels

by SSNTD method compared to filter-paper method. The monthly

variations of radon concentration in a dwelling are shown in

figure-2. The radon levels in Bqnr3 by SSNTD method is 1.6 times

higher than filter paper method in winter season, while in the

month of September the variations are not significant. The radon

level depend upon the ventilation. In winter season the windows

are closed and hence because of poor ventilation the radon levels



arp. a 1 gni f i rant. \y higher in winter. Thft monthly variations of

radon levels measured by filter paper method, in the dwelling are

compared with the outside air measured BARC campus are shown in

figure 3. The levels of radon in all the seasons in dwelling

about 4 to 5 times higher than the outside air except in monsoon.

The radon levels depend upon the emanation and ventilation.

During monsoon season, the radon emanated from the soil gets

dissolved in the rain water hence there is decrease in radon

level in outside air, while in the dwelling of ground floor the

emanation is more compared to outside, hence there is significant

increase during monsoon season. The summary of our earlier study

of radon levels of small room in 1966-87(10 ) and air conditioned

room in the basement during 1986(11) is compared with the present

work in tables 1 and 3. In winter season radon levels are higher

in dwelling at Chembur camp than that in the bungalow at

collector's colony measured by SSNTD as shown in table 2. Annual

geometric average of radon progeny levels is slightly higher in

Chembur camp than that of collector's colony as shown in table 1.

The house at camp was not ventilated and had cement flooring

while the bungalow at Collector's colony had good ventilation and

had mosaic flooring. The basement hall is surrounded one side by

soil and three sides by RCC walls. The radon progeny levels in AC

laboratory hall are comparable to the levels in the dwellings un-

der study during summer and monsoon, but in winter, the levels in

AC hall are lesser than the levels in both the dwellings of

colony and camp, because in dwelling, windows are closed for most



of thft time during winter, thus there is build up of radon

progeny.

From the measured values of radon progeny levels, dose to

the lung is estimated using a exposure to dose conversion factor

of 9 mSv per WLM (12). One working level month (WLM) ia an ex-

posure of one WL for 170 hours. Using this conversion factor,the

annual effective dose equivalent has been estimated for the resi-

dents of the bungalow and is given in table 3. As it is seen

from the table that annual effective dose equivalent He due to

radon progeny levels is maximum during winter. It is also seen

that SSNTD method gives higher value than the filter paper

method. This is because the time integrated SSNTD method

measures the radon levels which are averaged over the temperature

variation during days and nights. The filter paper method gives

the radon levels which are existing at the time of sampling.

In conclusion, the present study shows that in order to es-

timate annual effective dose equivalent it is necessary to

measure radon Ievel3 in dwelling for the entire year covering all

the seasons. It also shows that SSNTD method gives higher value

than the filter paper method, SSNTD is time integrated method,

while the filter paper method gives the radon levels at the tim•••:

of sampling.
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TABLE 1

VARIATION OF POTENTIAL ALPHA ENERGY CONCENTRATIONS (mWL) IN
SEASONS OF THE YEAR

Season*

Winter
Summer
Monsoon
Autumn

Ann. Geo.
Mean
GSD

Minimum
of the Year
Maximum
of the year

Ratio of
Winter to
Monsoon

* Winter
Summer
Monsoon
Autumn

Collector's
Colony Dwelling

FP

2.0
0.4
0.2
0.9

0.5
2.9

0.1

2.2

5.0

SSNTD

3.7
0.6
0.4
1.2

0.8
3.4

0.1

4.4

5.2

Chembur Camp
Dwelling (10)

FP

1.6
0.5
0.2
O.S

0.5
2.4

0.2

1.9

3.2

:Dec. Jan. F<tb.
:March. April. May.
:June. July. Au$.
••Sept. Oct. Nov.

SSNTD

3.3
0.9
0.4
1.6

1.0
2.5

0.3

4.2

3.7

Basement Room
(11)

FP

1.2
0.8
0.4
0.7

0.7
1.7

0.3

1.3

1.5

SSNTD

1.8
1.0
0.7
1.1

1.0
1.6

0.5

2.7

1.8
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TABLE 2

VARIATION OF RADON CONCENTRATION (Bq m-S) WITH SEASONS
OF THE YEAR

Season

Winter
Summer
Monsoon
Autumn

Ann. Qeo.
Mean
GSD

Minimum
of the Year
Maximum
of the year

Collector's
Colony Dwelling

FP

14.8
4.5
6.1
8.1

6.2
2.3

1.1

28.6

SSNTD

23.0
10.1
10.3
11.0

10.0
2.3

1.9

40.1

Outdoor

FP

4.0
0.9
0.6
2.2

1.4
2. 4

0.4

5.6

Chembur
Dwelling

FP

19.8
8.8
6.4
6.2

8.6
1.8

2.7

29.3

Camp
(10)

SSNTD

27.2
12.4
7.7
9.5

12.0
1.9

3.5

36.7

12



TABLE 3

ESTIMATED EFFECTIVE DOSE EQUIVALENT IN raSv/y

Collector's Chembur Camp

Colony Dwelling Dwelling

1988 1986-87

A/C Basement

Room

1986

Season FP SSNTD FP SSNTD FP SSNTD

Winter

Summer

Monsoon

Autumn

Average

Ann. Dose

0.62

0.11

0.06

0.28

0.28

1.

0.

0.

0.

0.

15

19

12

37

4

0.5

0.16

0.06

0.28

0.25

1.

0.

0.

0.

0.

02

28

12

5

47

0.37

0.24

0.12

0.22

0.22

0.

0.

0.

0.

0.

56

31

22

34

37

13
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FIGURE .1.MONTHLY VARIATION OF RADON PROGENY LEVELS IN mWL IN A DWELLING

AT COLLECTOR'S COLONY.
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FIGURE. 2.MONTHLY VARIATION OF RADON CONCENTRATION Bqm3 IN A DWELLING

AT COLLECTOR'S COLONY.
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(FILTER PAPER METHOD)
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FIGURE.3 .VARIATION OF RADON LEVELS IN A DWELLING AT COLLECTORS COLONY,

COMPARED WITH OUTDOOR ENVIRONMENT.
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