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Abstract: 

Radon mass exhalation rate in soil samples collected from different locations of South 

Bengaluru city were measured using scintillation based Smart radon thoron monitor (RnDuo). 

It has been observed that the mass exhalation rate estimated due to presence of radon 

concentration in soil samples ranges from 39.18 - 265.58 mBq/kg/h with an average value of 

115.64 mBq/kg/h. A graph of radon mass exhalation rate versus average radon concentration 

showed a positive correlation with R = 0.6.  
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Introduction: 

Radon is a decay product of Radium in the naturally occurring radioactive Uranium series 

and is ubiquitous in environment. When Radium decays in soil grains, the resulting atoms of 

Radon isotopes escape from the mineral grains to air-filled pores. The rate at which Radon 

escapes/emanates from soil into surrounding atmospheric air is known as Radon exhalation 

rate or Radon emanation rate of the soil and it is measured either by per mass unit or by per 

unit surface area of the soil. Radon mass exhalation rate from the soil in an important 

parameter for estimating the local environmental radon level. In this work, we have measured 

Radon mass exhalation rate in soil samples collected from different parts of south Bengaluru. 

Details about the study region: 

The Bengaluru district is located in the south 

eastern part of Karnataka. It is the capital 

city of Karnataka. It is having an area extent 

of 2190 sq.km and is located at 12.97° N 

north latitude and 77.56° E east longitude 

(between the North latitude 12˚39' 32’’: 

13˚14'13’’and East longitude 77˚19’44’’: 

77˚50'13’’.,) Bengaluru has a pleasant 

climate throughout the year. The warm 

season is from March to May .The monsoon 

is prevalent from June to September. It has a 

moderate winter in the month of December, 

January and February. The air masses during 

monsoon months arrive from southwest 

direction while in the post monsoon season it 

is in the north east direction. The Bengaluru 

district is divided into four blocks- 

Bengaluru south, Bengaluru north, Bengaluru west and Anekal. The South Bengaluru block 

has an uneven landscape with intermingling hills and valleys. The southern and western 



2 

 

portions of the city consist of a topology of granite and gneissic masses. The eastern portion 

is a plane, with rare minor undulations. Geomorphology of Bengaluru has a major 

physiographic units- flat topped hills and rocky upland plateau; its major drainages are 

cauvery and ponnaiyar basins while the major soils of Bengaluru consist of red laterite and 

red fine loamy to clayey soils. 

Materials and Methods: 

In the present investigation, estimation 

of Radon mass exhalation rate in soil 

samples has been carried out in the 

surroundings of south Bengaluru. 

Geographical location of the sampling 

sites ranges from 12   51     latitude to 

77   36   E longitude as shown in Figure 

1. The height of the ground level from 

sea level (elevation) varies from 767 to 

973 m as tabulated in Table 1. 

 

Radon Mass Exhalation rate in Soil: 

The soil samples (clayey, laterite and 

loamy soil) were collected from sub-soil 

layer of the locations. About 750-950 

grams of fine particulate soil samples 

were brought to lab in air-tight zip lock 

covers. During collection, care was 

taken to remove the unwanted particles 

(stones/rocks and grass etc.,) from the 

soil and were not kept for drying. 

Typically about 400-460 grams of soil 

sample is enclosed in a leak tight 

metallic chamber coupled to the Smart 

RnDuo monitor.  

Smart RnDuo was operated in 60 min 

cycle and measurement was continued 

for about 12 hours. Since the sampling 

was done by diffusion mode the detector 

probe was connected directly to mass 

exhalation chamber as shown in Figure 

2. The details of measurement principle 

and detection are discussed elsewhere [1-3] 

The radon concentration C (t) at time t since closing the chamber builds up according to the 

formula in linear approximation (i.e by restricting measurement time within 12 hrs) has been 

converted to the model equation 2. 

                                                                                                            (2)                                                                       
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where, C (t) is 
222

 Rn concentration (Bq/m
3
) at time‘t’, C0 is the 

222
Rn concentration (Bq/m

3
) 

present in the chamber volume at t = 0, M is the total mass of the soil sample (g), V is the 

effective volume (cm
3
), Jm is the radon mass exhalation rate of the sample (mBq/Kg/h).Upon 

least square fitting of the data of the samples to the above Equation (2), we obtained Jm value 

from fitted slope value (b) with the known mass M of the sample and Residual air volume V 

of the setup by using the equation 3. 

                                                                                                                      (3) 

Results and Discussion: 

Variation of Radon Mass 

Exhalation rate in soil samples 

along with average radon 

concentration measured for 

about 8-14 hours are tabulated in 

Table 2. According to the data, 

radon exhalation rate present in 

soil samples shows relatively 

average radon concentrations. 

The lowest reported radon mass 

exhalation rate is 39.18 

mBq/kg/h for Lalbagh (LBG 2) 

soil sample, whereas the  highest 

is  265.58 mBq/kg/h for JP nagar 

(JPN 1) soil sample. A positive 

correlation (R = 0.6) was found 

between radon mass exhalation 

rate and average radon 

concentration obtained from the 

soil samples as shown in Figure 

3. 

Based on the data obtained, 

comparision studies for radon 

mass exhalation rate were 

carried among different parts of 

India and represented in Table 3.  

 

Conclusions: 

In most of the sampling sites 

the Radon Mass Exhalation 

rate in soil samples are higher 

than average Radon 

exhalation rate in soil. 
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