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Note

                                                                                                                                                                   
Radon mass exhalation rate and radon flux from the soil are measured using Smart RnDuo 
detector in Saiha and Lawngtlai District of Mizoram, India during 2015-2016. Seasonal collection 
and analysis of soil samples were done from the study area under or near the dwellings. Inspite of 
being the region of highest lung cancer incidence area in India, the average mass exhalation rate 
and radon flux from the soil were found to be low, being 89.59 ± 1.83 mBq/kg/h and 66.66 ± 3.69 
Bq/m2/h respectively. Soil type and its grain size which are important factors in determining the 
radon mass exhalation rate were further analysed and it was found that the soil was sandy type 
where larger grain sizes (mesh number 60-120) were dominant. Mizoram has high percentage 
(67%) of tobacco user from the population. Large consumption of tobacco and its products along 
with the life style of the people rather than radon are attribute to the high cancer incidence in 
these areas. In spite of lower than global average radon flux in the study area, effect of inhalation 
of the gas to cause lung cancer cannot be ignored.

Key words: Radon Mass exhalation rate, radon flux, Smart RnDuo detector, High lung cancer 
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1.  Introduction

Soil is the main source of indoor radon concentration1). 
Radon came out from the soil to the environment 
through emanation and exhalation. The release of 
radon from the soil grain to the air-filled pores is called 
emanation and the transport process from air-filled 

pores to the environment is called exhalation. The rate 
of radon exhalation per unit mass of the sample is called 
radon mass exhalation rate. Radon mass exhalation 
rate and flux (emission per unit area of the surface of 
porous matrix like soil) from the soil is one of the most 
important factors for the evaluation of environmental 
radon levels, and it was already proved that indoor 
radon has some contribution in enhancing the lung 
cancer incidence. The fact that Mizoram has the 
highest lung cancer incidence rate (32.6 and 29.3 per 
100,000 in male and female respectively) in India as per 
the Population Based Cancer Registr2), Civil Hospital, 
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Aizawl, Mizoram 2010-2014 report urges the need to 
quantify radon mass exhalation rate and flux level in 
this area.

One of the most impor tant factors af fecting 
exhalation is the moisture content of the soil. Small 
amounts of moisture increase the radon exhalation 
but continual increase in moisture eventually reduces 
them3). The amount of moisture that produces the 
maximum level of exhalation is dependent on the type 
of soil, grain size and its porosity (ratio of empty space 
volume to the solid material volume)4). The continuous 
release of radon from the soil increases the outdoor 
radon concentration, which subsequently travels to the 
indoor environment via air exchange and accumulates 
in the houses. Hence, the estimation of radon flux from 
soil surfaces is an important parameter for determining 
the source term for indoor radon concentration.

In this paper, we are to determine the radon mass 
exhalation rate and flux from soil sample and their 
seasonal variation and also see the effect of different 
grain size in radioactivity of the soil.  If the mass 
exhalation rate and flux of radon are below the expected 
level in the region of interest, it would be interesting 
to suggest the main reason for being the highest lung 
cancer incidence area in India. 

The geographical location of the study area consists 
of Saiha and Lawngtlai Districts of Mizoram, India 
within Latitude - 220 29ʼ 28.3” to 220 36ʼ 59.4” and 
Longitude 920 59ʼ 14.3” to 920 52ʼ 22.0” with an altitude of 
569 ± 3 meter to 1160 ± 3 meter from the sea level. The 
study period was divided into three seasons, namely 
Rainy Season (July - October 2015), Winter Season 
(November 2015 - February 2016) and Summer Season 
(March - June 2016).

2.  Theory and methodology

2.1. Sample Collection 
Soil samples were collected from 40 different locations 
below/near the dwellings. These dwellings were 
selected based on environmental gamma concentration, 
type of constructions, etc. Bulk density (dr y) was 
measured at the site and the samples were then taken 
to Laboratory for measurement of mass exhalation rate 
and further subjected to soil type determination using 
Sieve shaker machine.

2.2.  Measurement of 222Rn Mass Exhalation Rate and 
Flux 
The radon mass exhalation rate was calculated using 
an active method with a portable scintillation-based 
radon/thoron monitor called SmartRn Duo developed 
by Bhabha Atomic Research Centre (BARC), Mumbai. 
The detailed description of the measurement of radon 

exhalation rate may be found in Manpreet, et al.5)

For exhalation measurement, the sample was 
enclosed in a leak proof Mass Exhalation Chamber. The 
buildup data were recorded every hour interval for 24 
hours. The buildup data was then least square fit to the 
equation6).

 (1)

Here C(t) JM, M, V, λ e, Co and t are radon concentration 
after time t (Bq/m3), the mass exhalation rate (Bq/kg/
h), mass of dry sample (kg), effective volume which is 
sum of detector volume, porous volume and residual 
air volume in the mass exhalation chamber (m3), 
initial radon concentration (Bq/m3), ef fective decay 
constant which is sum of contribution from leakage 
rate, back diffusion and radioactive decay constant (h-1) 
and measurement time (h). In the present study, the 
contribution of leakage rate and back dif fusion is 
negligible because the Photomultiplier tube (PMT) 
of the scintillation detector is directly mounted on the 
mass exhalation chamber and it was made air tight 
using rubber gasket.

We estimate the radon flux using the radon diffusion 
length in the soil as well as the ef fective dif fusion 
coefficient. If the thickness of the sample is far less 
(~ 10 times) than the radon dif fusion length in the 
soil matrix, then the radon mass exhalation rate may 
be considered as the radon production rate in the 
pore volume of the matrix due to emanation from 
the grain. Hence in all practical cases, we may write 
mathematically

 (2)

where R is the radium content (Bq/kg) in the soil (i.e. 
Radium activity in the soil grain / mass of the matrix), 
E is the radon emanation factor (ratio of radon atom 
that reach the pore volume to total number of atom 
produced in soil matrix) and λ e  the ef fective radon 
decay constant7). With this, the formula for radon flux 
density FS (Bq/m2/h) is

 (3)

where ρ  is the dry bulk density (kg/m3) of the soil 
sample and ls (m) is the radon diffusion length in soil.

2.3.  Grain size distribution
Sieve analysis has been performed to determine the 
grain size distribution, average grain size of the soil 
particles and the soil type as soil type also determines 
the amount of radioactivity content in the soil8). 
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This analysis provides us the grain size distribution, 
percentage of different grain sizes contained in the soil. 
The soil sample has been classified into five different 
grain sizes according to the sieve mesh number, 
namely, 60 (grain size 0.25 mm), 120 (grain size 0.125 
mm), 230 (grain size 0.0625 mm), 325 (grain size 0.044 
mm) and > 325 (grain size smaller than 0.044 mm). 
The naming of the different grain size is according to 
Udden-Wentworth size term9).

3.  Result and discussion

The annual radon mass exhalation rate ranges from 
17.83 mBq/kg/hr to 61.98 mBq/kg/hr (GSD = 1.24)  
with the average of 33.07 ± 1.83 mBq/kg/hr and annual 
radon flux value range from 34.11 Bq/m2/h to 114.43 
Bq/m2/h (GSD = 1.24) with the average of 66.66 ± 3.69 
Bq/m2/h. Meanwhile global average of radon flux is 
22 Bq/m2/s (=79.2 Bq/m2/h)10) which shows that the 
average of radon flux from our results is still less than 
the global average. 

Ternary contour plot (Fig. 1) from the sieve analysis 
of the soil samples (Table 1) shows that soil type of all 
the samples were of sandy type of soil. The grain size 
distribution shows that we have higher percentage 
of grain size at 60, 120 and 230 mesh numbers which 
leads to sandy types of soil as shown in Figure 1. The 
soil texture triangular plot shows that the values are 
concentrated at the lower left corner of the triangle. 
This shows that the soil samples are of sandy types. 
Consequently, the radioactivity content of sandy soil is 
expected not to be high8). 

Figure 2 shows seasonal variations of rainfall, radon 
mass exhalation rate and radon flux and we observed 
that both radon mass exhalation rate and radon flux 
have the highest values during winter and lowest during 
rainy season. The seasonal variation of mass exhalation 
rate may be due to variation in the diffusion length and 
emanation factor due to the moisture content of the 
soil. However, excess moisture in the soil can diminish 
the exhalation process. High moisture content as a 
result of heaviest rainfall during rainy season, which 
might exceed the maximum moisture content for 
peak exhalation, results in minimum value of the mass 
exhalation rate among the three seasons.

Inspite of low-level radon flux and mass exhalation 
rate in the areas of interest, we have the highest lung 
cancer incidence in India from these regions. The 
high consumption of tobacco in different form in these 
areas is mainly responsible for this incidence. Global 
Adult Tobacco Survey India, in its report 2009-201011) 

indicated that Mizoram has the highest percentage of 
tobacco user from the population which is 67% and also 
40% of current smokers are from the age 15 and above, 

which is the highest throughout India. Consequently, 
the dietar y habit12) and high-level consumption of 
tobacco and its products in the study areas has 
been found to increase the risk of stomach cancer13) 
incidence in the study area which directly indicated that 
it must also cause the high lung cancer incidence.

While smoking may be mainly responsible for 
this incidence, the effect of inhalation of radioactive 
gas cannot be discarded as the hazardous nature of 
radon gas and its progenies on human population has 
been well-established worldwide where this radiation 
damage to bronchial cells eventually can increase the 
incidence rate of lung cancer along with smoking. WHO 
publication14) on the ef fect of radioactive gas shows 
that even inhalation of a small amount of concentration 
of the gas can lead to lung cancer incidence.  Hence, 

Fig. 1.  Soil Texture Triangular plot, where % content of sand (grain 
size 0.25 – 0.0625 mm), Silt (grain size 0.044 mm) and Clay (grain size 
less than 0.044 mm) are plot. Soil samples are all sandy type of soil as 
seen from lower left corner.

Fig. 2.  Rainfall (in mm), Radon Mass Exhalation Rate (in mBq/kg/h) 
and Radon Flux (in Bq/m2/h) of the three seasons. Rainfall during Rainy 
and Summer seasons are reduced ten times for the sake of convenience 
of viewing.
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estimation of radon anomaly is important to give a 
useful reference against radiation ef fects as well as 
establishing its safety measures and to create a baseline 
for further case-control studies.    

4.  Conclusion

The following conclusions may be drawn from the 
above study:

4.1. The radon mass exhalation rate (89.59±1.83 
mBq/kg/h ) and radon flux (66.66±3.69 Bq/m2/h) 
from collected soil samples in the region of highest lung 

cancer incidence in India are low. If these two anomalies 
of radon are low, then one cannot expect to have high 
concentrations of indoor radon in the dwellings unless 
there are high contributions from other sources viz. 
building materials, ventilation rates, etc. Fur ther, 
seasonal variation of radon mass exhalation rate and 
flux shows that rainfall played an important role. Small 
amounts of moisture during winter season was found to 
increase the radon mass exhalation rate but continual 
increase in moisture during rainy season eventually 
reduces them (Fig. 2). 

4.2. The type of soil in these regions are sandy type 

Table 1.  Annual Average Mass Exhalation Rate (JM) and Radon Flux (Bq/m2/h ) and Grain Size Distribution of Soil Samples

JM Flux Grain Size Distribution
Sample mBq/kg/h Bq/m2/h 60 (%) 120 (%) 230 (%) 325 (%) >325 (%)

1 25.36 54.46 37.6 47.53 13.77 0.77 0.14
2 31 62.83 76.13 23.59 0.018 0 0
3 30.61 63.85 76.32 23.54 0 0 0
4 27.55 57.75 31.81 67.48 0.53 0.01 0
5 31.31 62.52 36.63 55.03 8.05 0.07 0.01
6 34.25 65.41 31.13 64.98 3.55 0.08 0.01
7 26.68 52.64 31.5 50.99 16.04 1.31 0.1
8 46.54 65.52 40.44 41.53 16.64 1.17 0.03
9 27.82 55.27 34.88 53.52 10.34 0.64 0.02
10 34.14 65.06 39.63 56.18 4.01 0.01 0
11 34.23 45.54 36.37 41.15 20.87 1.36 0.02
12 22.02 69.27 40.55 56.8 2.5 0.01 0
13 28.23 57.71 42.93 55.36 1.58 0.05 0
14 36.08 54.15 59.01 38.36 2.49 0.02 0
15 31.09 60.14 34.93 55.67 8.77 0.56 0.01
16 25.68 50.62 36.84 54.56 8.31 0.02 0
17 48.43 56.81 37.56 56.48 5.78 0.02 0
18 61.98 61.07 40.5 49.99 8.85 0.39 0.01
19 27.67 74.2 31.9 39.31 25.09 2.63 0.69
20 32.58 67.16 47.24 42.21 8.17 2.23 0
21 36.05 68.8 26.21 58.078 14.88 0.78 0.01
22 28.82 83.41 21.69 59.68 17.55 0.82 0.02
23 29.21 58.21 49.21 40.54 10.03 0.07 0
24 33.18 66.81 38.46 60.48 0.79 0.02 0
25 17.83 34.11 30.48 66.19 2.6 0.48 0
26 33.45 69.19 31.23 62.34 6.16 0.11 0
27 37.74 80.15 32.01 67.16 0.36 0.14 0
28 42.06 114.43 49.43 38.26 11.33 0.78 0
29 43.27 93.26 40.53 41.57 16.85 0.99 0.02
30 29.51 100.59 44.13 52.21 3.49 0.08 0.01
31 37.35 77.2 33.6 51.1 14.48 0.6 0.01
32 31.72 66.59 34.66 52.97 10.97 1.2 0.06
33 36.98 73.45 45.23 44.07 9.87 0.66 0.02
34 32.69 65.63 35.75 48.9 14.23 0.88 0.02
35 28.89 51.97 53 35.19 10.1 1.54 0.03
36 41.77 78.12 41.88 44.14 12.8 0.96 0.02
37 35.47 73.57 39.06 56.47 4.19 0.01 0
38 31.59 91.36 41.02 54.7 3.86 0.16 0.03
39 37.94 78.22 26.77 72.72 0.39 0.01 0
40 22.09 43.02 47.33 47.05 5.34 0.14 0.01
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where the activity content is usually low.

4.3. The high lung cancer incidence may be due to 
large consumption of tobacco and its products. The 
dietary habits and lifestyle of the people will also play 
important roles.

4.4. The actual contributions of radon and its daughter 
nuclei in causing high incidence of lung cancer in the 
study areas can be ascertained by case-control study 
which is beyond the scope of this paper. 
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