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The general diffusion equation for radon in a typical soil 
is given by equation (1)1, 2)
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Where S is the radon activity released into a unit volume 
of the pore space per unit time, Fp is the activity of radon 
crossing per unit pore area per unit time and Cp is the 
radon activity per unit pore space volume (radon 
concentration in pore space).
Being originated in the earth crust, radon has been 
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The study investigates the influence of meteorological factors on the count of 222Rn and 220Rn 
gases at the interest of observing them as a possible forecasting gas to geophysical phenomena. 
The study was carried out between May, 2018 and October, 2018 at the soil-air interface using a 
ZnS (Ag) scintillator counter (Model: SMARTRnDuo, BARC, India). Data’s were generated in-
situ online and was the first of its kind for the region. The backward multiple linear regression 
analysis shows that pressure was the most effecting variable on radon data, while no significant 
correlation was observed between thoron and meteorological data. The observed weak correlation 
between the isotope pair data and most of the meteorological factors reveals activeness of action 
taken against the factors, while acquiring data. Concentrations and fluxes of the isotope pair, 
content of 238U and 232Th and their comparison with the worldwide average were also presented. 
It is also observed that radon data of the continuous monitoring station (CMS) and Mat fault 
varies in proportion during geophysical process, while no geophysical properties of 220Rn were 
observed. The study reveals the reason behind radon anomaly was geophysical activity but not 
meteorological factors.
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1.  Introduction

Radon is a radioactive noble gas having three naturally 
occurring isotopes viz. radon (222Rn, T1/2 =3.825 days), 
thoron (220Rn, T1/2=55.6 s) and actinon (219Rn, T1/2=3.6 s). 
Actinon has been neglected in this study due to its 
extremely small half-life. 222Rn and 220Rn have a typical 
diffusion length of 1 m and 1 cm in the soil, respectively1). 
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measured as a tracer to fault system, uranium and 
thorium deposit and for estimating its radiological risks 
input to the atmosphere2, 3). A renaissance in radon 
monitoring occurs after observation of its anomaly before 
the Tashkent earthquake in 19664). The observation 
ignites optimistic motivation to many researchers and 
was instantly followed up by researchers from China, 
Japan and USA in the year 1973, 1975 and 1978, 
respectively4, 5). With successive positive result in soil and 
ground water, shortly measurement of  radon as a 
premonitory gas to earthquakes became a worldwide 
pheomena6-17). Radon anomaly due to seismic activity was 
not only observed in the soil and water but also in the 
atmosphere, hydrothermal system and mud-volcano18-24). 
Despite the tireless ef fort, radon monitoring for 
earthquake prediction was still with uncertainties and 
needs improvement in many ways. Among them was 
minimization of the meteorological influence, which must 
be identified and removed to avoid false prediction. In the 
present study it has been achieved by insulating the 
continuous monitoring station (CMS) from all sides at 
Mizoram University. The study area in particular 
northeast India was declared as one of the highest seismic 
zone (Zone V) by seismic hazard zonation map of India25). 
But it has a very limited and immature literature16, 26-33) on 
premonitory studies of geophysical phenomena base on 
radon data. Besides, the data were passive16, 26-31) in nature 

with large sampling interval and lack the real time nature 
of radon variation. To improve the measurement and for 
better understanding of the real time characteristics, 15 
minutes cycle radon data were generated between May, 
2018 and October, 2018 at Mizoram university. At the 
same time in-situ data of radon was generated at mat fault 
for comparative analysis (Fig. 1). The outline of the study 
may be listed as follows:
(i) Generating 15 minutes and 1 month frequency 

radon isotope pair (222Rn and 220Rn) data at Mizoram 
University and Mat fault, respectively for six month. 

(ii) Correlating the isotope pair data with meteorological 
data in order to observe meteorological influence on 
counts of the isotope pair.

(iii) Obtaining 222Rn and 220Rn flux and estimating 238U 
and 232Th content of the region from their respective 
daughter nuclei.

(iv) Observing the possibility of radon as a forecasting 
gas to geophysical phenomena by comparing data of 
the two locations.

The 222Rn and 220Rn data were collected using an 
indigenously developed and calibrated ZnS(Ag) 
scintillator counter (Model: SMARTRnDuo, BARC, 
India). The meteorological data on the other hand were 
obtained from the nearest meteorological station, IMD-
Regional Meteorological Centre, Guwahati, Assam 
(India). A backward multiple linear regression (MLR) 

Fig. 1.  Map of India and Northeast India, showing locations of the continuous monitoring station (CMS) 
and formation of rectangular grid at Mat Fault located at 57 km from the CMS.
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analysis was performed to observe the extent of 
meteorological influence on the isotope pair data and the 
most influencing factors. Possible response of radon 
count to geophysical phenomena, 238U and 232Th content 
of the region and their comparison to the global average 
and critical value given by UNSCEAR34) and IAEA35), 
respectively were presented in details.

2.  Geological Setup of the Region

Northeast India and specifically Mizoram was situated at 
the junction of Himalayan Arc to the north and Burmese 
Arc to the east (Fig. 1 & 2). The northeast region based 
on distribution of its epicentres, fault plane solutions and 
geotectonic features was divided into five seismotectonic 
zones28, 29, 36). They are as follows, (i) Eastern Himalayan 
collision zone (zone A) (ii) Indo-Myanmar subduction 
zone (zone B), (iii) Syntaxis zone of Himalayan arc and 
Burmese arc (Mishmi Hills, zone C) (iv) Plate boundary 
zone of the Shillong plateau and Assam valley (zone D) 
and (v) Bengal basin and plate boundary zone of Trpura-
Mizoram fold belt (zone E) (Fig. 1). The collision tectonic 
between Eurasian plate and Indian plate at the north and 
subduction tectonics at the east attributes seismicity of 
the region and is one of the most dynamic sectors of the 
present day crust37). The provinces were extended to the 
adjoining territories like Tibet, Baladesh, Myanmar and 

some even extended beyond the shorelines into the Bay 
of Bengal. In addition Mizoram belongs to the Surma 
basin which is part of the greater Bengal Basin. The basin 
is an area of folded sediment which is wider to the north 
and narrower to the south with many NE-SW and NW-SE 
trending lineaments/faults (Fig. 2). The NE-SW Syllhet 
fault running from near Dhaka (Bangladesh) demarcates 
the northwestern boundary of the Surma basin while the 
Gumti fault cut across the basin. Among the NW-SE 
trending faults, Mat fault and Tuipui fault lies within 
Mizoram at the southern part of the basin (Fig. 2). Mat 
fault is one of the most prominent faults in Mizoram 
which obliquely cut across the Indo-Burmese Arc (NS-
trend) and is traceable across the entire state from 
satellite and Google maps26, 27). According to seismic 
hazard zonation map of India, northeast India lies at zone 
V, the highest seismic activity and is one of the six most 
seismically active region of the world along with Taiwan, 
Japan, Mexico, California and Turkey38). In the present 
study Mat fault being the most prominent faults within 
the state was selected for generating in-situ data.

3.  Materials and Methods

3.1.  Continuous radon monitor-SMARTRnDuo
SMARTRnDuo is a ZnS(Ag) scintillator based counter 
developed and calibrated by Bhabha Atomic Research 

Fig. 2.  (a) Geological map of northeast India showing major lineaments/faults in Tripura-Mizoram 
fold belt (modified after Jaishi and group27)), (b) Geological map of the of the study region. 
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Centre, Mumbai, India. It has a dimension of 37 cm×20 
cm×12 cm and equipped with a scintillation cell of 
volume 153 cm3, an internal battery of 6 V, electronic 
system for recording, displaying and transferring data to 
a PC. The scintillation cell is internally coated with ZnS 
(Ag) scintillator and has a measurement range of 8 Bq m-3 

-50 MBq m-3 and 15 -50 MBq m-3 for 222Rn and 220Rn, 
respectively at 63% confidence level (1σ ) for 1-hour cycle. 
The cell has a sensitivity of 1.2 counts per hour (cph)/ 
(Bq m-3) and 0.8 cph/(Bq m-3) for 222Rn and 220Rn, 
respectively. The sampling flow rate into the instrument 
was 0.5-0.7 L/min (maintained by an inbuilt pump) and 
attains 95% of 222Rn/220Rn concentration in a response time 
of 15 minutes. The instrument is operable in three modes, 
radon mode, thoron mode and alpha mode with a 
selectable cycle of 15, 30 and 60 minutes for each of the 
mode. In the present study, the monitor was operated in 
thoron mode with 15 minutes cycle at the monitoring 
station as well as in the fault. In thoron mode, both alpha 
particles from 222Rn and 220Rn gases were counted for 
retrieving their concentrations32, 33, 39-41). 

3.2.  Technique for measurement using SMARTRnDuo
A continuous monitoring station (CMS) for 222Rn and 220Rn 
gases was set up at the Department of Physics, Mizoram 
University, Aizawl, Mizoram (India). It is a 4 m2 area 
station (taking care of the 1 m and 1 cm diffusion length 
of 222Rn and 220Rn gases from all sides when placed the 
accumulator chamber at the centre). Since it has been 
covered with insulating sheets from all sides, the effect of 
meteorological factors on the exhalation of the isotope 

pair was believed to reduce to great extend compare to 
that of an open space. Considering the advantage of rapid 
equilibrium in a small chamber in comparison to a large 
chamber, an accumulator having a volume of 3.1×10-5 m3 

was used at the centre of the CMS and connected to the 
SMARTRnDuo using a rubber tube forming a closed-loop 
system (Fig. 3a). The monitor was operated with 15 
minutes cycle continuously for 24 hours where the 
accumulated gases get circled after every 15 minutes. In 
this manner, any abnormal addition or reduction in 
concentrations of  the gases within the exhalation 
chamber can be easily noticed. During the first 5 minutes 
of the 15 minutes cycle, simultaneous sampling and 
counting of radon and thoron data was performed. The 
next 5 minutes was delayed to cut off the short-lived 
thoron (55.6 s), hence alpha counts of the last 5 minutes 
attributes to that of radon concentration. Then the thoron 
counts were obtained by subtracting the last 5 minutes 
counts from the first 5 minutes counts2).

At Mat fault, the 222Rn and 220Rn data were generated 
from a rectangular grid (1000 m×400 m) of 9 spots (Fig. 
1). The first six spots formed a square grid where three of 
them lies within the fault line and the other three at a 
distance of 200 m from the fault line adjacent to the first 
three spots within the fault. The last three spots were at a 
distance of 1000 m from the fault line adjacent to the first 
six spots within and near the fault line. An accumulator 
chamber of  volume 2.09×10-4 m3 was deployed for 
measuring the in-situ flux of the isotope pair. The 
operating manual of the instrument was the same as that 
of the CMS mention above except that it was in open loop 

Fig. 3.  Schematic diagram of the experimental setup of SMARTRnDuo for (a) Measurement at the CMS using 
accumulator chamber of 3.1×10-5 m3 (b) Measurement at the rectangular grid (Mat fault) using accumulator 
chamber of 2.1 × 10-4 m3 (c) Measurement of mass exhalation rate of soil sample. 
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and the counted gases were released into the atmosphere 
(Fig. 3b). After completing 15 minutes cycle in Spot 1 it 
was proceeded to spot 2 and so on according to their 
serial number till spot 9. In this manner, in-situ online 
222Rn and 220Rn data were generated between May, 2018 
and October, 2018 at Mat fault32, 33, 39-41).

To observe the influence of meteorological factors on 
222Rn and 220Rn counts, the generated data ’s were 
correlated with meteorological  parameters (air 
temperature, pressure, rainfall, humidity and wind speed) 
obtained from IMD-Regional Meteorological Centre, 
Guwahati, Assam (India). For statistical analyses (Pearson 
correlation and significant t-test) and result display, 
Microsof t  Excel  2013 and Origin 8 (OriginLab 
Corporation) and SPSS statistical package were used.

4.  Results and Discussion

4.1.  Influence of  meteorological factors on 222Rn and 220Rn 
Data
The meteorological effect on 222Rn and 220Rn data was 
analysed by a two-tail t-test at 95% confidence level. In the 
analysis, data’s of Mat fault were neglected due to small 
sample size, such that, it takes part only in inter-
comparison with the CMS data in depicting geophysical 

Fig. 4.  Plot of 222Rn and 220Rn data versus (a) air temperature, (b) 
pressure, (c) rainfall, (d) humidity and (e) wind speed.

phenomena. On the other hand, data’s of the CMS were 
used as a reference for Mat fault data and as well for 
correlating with meteorological data.

When correlated with meteorological data (air 
temperature, barometric pressure, rainfall, relative 
humidity and wind speed), thoron shows a negligible 
correlation with all the meteorological parameters (Fig. 
4(a-e), Table 1). The p-value of the correlation was greater 
than the significance level (0.05) in all the cases except 
for rainfall (p = 0.0008). Hence in general, it was confirmed 
that no significance meteorological influence was 
observed on 220Rn data during the study period. In other 
words, the extent of meteorological influence on 220Rn gas 
of the present location was not understood except for 
rainfall. Radon data, on the other hand, shows zero 
correlation with precipitation and wind speed. It also 
shows a weak direct and reverse correlation with 
humidity and air temperature, respectively and a 
moderate reverse correlation with pressure (Fig. 4(a-e), 
Table 1). When tested the significance of the correlation, 
the p-value of precipitation and wind speed was greater 
than the significance level, while that of relative humidity, 
air temperature and pressure were lower than the 
significance level. Hence the counts of 222Rn might be 
mildly affected by humidity, temperature and pressure. 
Now to observe the best predictor, a backward multiple 
linear regressions was performed through different 
model. In the first model the dependent variable (Radon) 
was regressed with all the predictor variables (air 
temperature, pressure, rainfall, humidity, wind speed). In 
the next model variables with the highest p-value was 
excluded to improve the model. The exclusion of the 
variables in the succeeded model was completely based 
on the p-value being the highest in the previous model 
regardless of whether it is significant or not. And the 
process was repeated until no candidate predictor was 
available. The raw score multiple linear regression was 
given by equation (2)16, 29) and facilitates the study of 
several independent variables for a given independent 
variable.

       Y’ = a + b1X1 + b2X2 + b3 + X3 +…… + bn + Xn (2)

Where Y’ is the predicted value of the dependent variable, 
a is the constant term, b1, b2, ..., bn are the regression 
coefficient and X1, X2, ...., Xn are the independent variables. 
But the regression coefficient of equation (2) depends on 
the unit of the independent variable; hence it was not 
appropriate to compare the independent variables 
amongst themselves to find out the most influencing 
independent variables on the dependent variables. To 
overcome this problem both the coefficient and variables 
were standardised using equation (3)29) which facilitate 
direct comparison among the predictors.
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        Z’Y = β 1ZX1 + β 2ZX2 +…… + β nZXn (3)

where β’ s and Z’ s are the standardised coefficient and 
Z-scores, respectively.

Using the backward regression analysis, barometric 
pressure was found to be the most significant influencing 
meteorological parameters on 222Rn data with an R-square 
value of 22% (Table 2). On the other hand, it must be 

noted that soil gas radon fluctuation does not only depend 
on meteorological factors but also on geophysical 
phenomena like seismic activity. Of the three significant 
variables, temperature and pressure have a reverse 
correlation with 222Rn flux while humidity has a positive 
one. In other words, temperature and pressures 
suppressed 222Rn counts while humidity enhanced it. Due 
to atmospheric pumping effect poor air radon was forced 

Table 1.  Details of correlation between 222Rn and 220Rn counts with meteorological parameters (air temperature, pressure, rainfall, humidity 
and wind speed) using two-tail t-test at significant level of 0.05

Temperature
 (°C)

Humidity
(%)

Rainfall
(mm)

Pressure
(Pa)

Wind speed 
(km h-1)

222Rn count 220Rn count

Temperature (°C) r 1 0.2 -0.3 0.3 -0.5 -0.3 0.1
Sig. 0.0009 0.0004 0.0001 7.4×10-12 2.2×10-6 0.2

Humidity (%) r 1 0.04 -0.3 -0.1 0.3 0.1
Sig. 0.6 0.0006 0.2 4.7×10-5 0.3

Rainfall (mm) r 1 -0.2 0.1 0.02 -0.2
Sig. 0.01 0.1 0.8 0.001

Pressure (Pa) r 1 -0.2 -0.5 0.1
Sig. 0.002 1.1×10-11 0.1

Wind speed (kmh-1) r 1 -0.02 -0.1
Sig. 0.8 0.1

222Rn count r 1 0.1
Sig. 0.1

No. of data points 180 180 180 180 180 180 180
220Rn count r 1

Table 2.   Different models of the backward multiple linear regression and its output using a two tail t-test

Model
Unstandardized coefficients Standardized 

coefficients beta t-value Sig. 
(p-value)B Std. Error

1 (Constant) 2900 460 6.3 2.3×10-9

Temperature (°C) -14 2.0 -0.50 -7.1 3.7×10-11

Humidity (%) 2.0 0.40 0.31 4.9 1.8×10-6

Rainfall (mm) -0.46 0.17 -0.16 -2.7 7.0×10-3

Pressure (Pa) -2.7 0.47 -0.36 -5.6 8.2×10-8

Wind speed (km h-1) -8.0 1.8 -0.29 -4.5 1.3×10-5

2 (Constant) 2800 460 5.9 1.5×10-8

Temperature (°C) -13 2.0 -0.46 -6.5 8.0×10-10

Humidity (%) 1.9 0.40 0.30 4.7 6.2×10-6

Pressure (Pa) -2.5 0.48 -0.34 -5.3 3.6×10-7

Wind speed (km h-1) -7.9 1.8 -0.29 -4.3 2.5×10-5

3 (Constant) 2400 480 5.0 1.1×10-6

Temperature (°C) -9.2 1.9 -0.33 -4.9 1.9×10-6

Humidity (%) 1.9 0.43 0.30 4.5 1.1×10-5

Pressure (Pa) -2.3 0.50 -0.31 -4.6 8.3×10-6

4 (Constant) 3300 460 7.1 3.2×10-11

Temperature (°C) -6.4 1.9 -0.22 -3.4 8.0×10-4

Pressure (Pa) -3.1 0.50 -0.42 -6.2 3.4×10-9

5 (Constant) 3600 470 7.7 9.7×10-13

Pressure (Pa) -3.6 0.49 -0.48 -7.3 1.1×10-11
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into the upper layer of the soil during rose in pressure 
hence diluting the radon concentration32, 42-46). While the 
reverse correlation of temperature with 222Rn might be 
explained as the masking effect of temperature by 
pressure as the two parameters were observed to have a 
significant positive correlation (r=0.3, p=0.0001) (Table 1). 
It has been reported44-48) that raised in air temperature 
caused soil-air radon to expanded and hence enhanced 
radon exhalation. Hence the observed reversed 
correlation leads us to nothing but the effect of air 
temperature was masked by pressure which has been 
observed in the previous study32). Now the independent 
predictors have been narrowed down to humidity and 
pressure. It has been also reported that presence of 
humidity up to 15-17% by weight (optimum level)49)  in the 
soil enhanced 222Rn emanation by absorbing its recoil 
energy which prevent it from burying in the adjacent soil 
grain50). Pressure being the most influential variable, it 
was unlikely to observe significant radon anomaly due to 
humidity hence we are left out with one potential 
candidate, that is, geophysical processes discuss in the 
following section. In general, it must also be noted that 
though a significant correlation was observed between 
radon and some meteorological data, the correlation 
coefficients were mostly weak except for pressure. All the 
above observation points toward geophysical phenomena 
especially seismic activity as the culprit behind radon 
anomaly but not meteorological factors in cent per cent.

4.2.  Estimation of  238U and 232Th from 222Rn and 220Rn 
respectively
The radon and thoron counts were converted into their 
respective concentrations using equation (4)1)

                        
C        CRn = ―――― (4)

                     3EVe-λt

Where C is the net count rate (count per second, s-1) of 
222Rn or 220Rn, E is the efficiency of counting, V is volume 
of the sampler (m3), λ is the decay constant of 222Rn or 
220Rn, t is the time delay post-sampling (s) and 3 represent 
the three alphas in the respective decay chain of 222Rn and 
220Rn.

For obtaining 222Rn flux the monitor was operated in 
closed loop manner (Fig. 3a) in radon mode with 15 
minutes cycle for 3 hours at each of the sampling spots. 
Least fitting of the built up radon concentration with 
elapse time was perform for each spot. Then average 
value of the built up rate C(t), of the 9 spot was taken and 
substitute to assessed 222Rn flux using equation (5)1). 
                             A
        C(t) = C0 + k― ft (5)
                               

V

Where C0 is the initial concentration (Bq m-3), k is the 
factor by which the initial flux drops while the gas inside 
the accumulator pass through state of uniform mixing 
prior to deployment to state of diffusive mixing post to 
deployment, A is the surface area of the opening of the 
accumulator (m2), V  is the effective volume of the 
sampling device (m3), f  is the flux of radon (Bq m-2 s-1) and 
t is the measurement time (s).

On the other hand the 220Rn flux was obtained using 
equation (6)1)

                 CeqVλ
        f = ―――― (6)
                    A

Where Ceq is the 220Rn equilibrium concentration (Bq m-3), 
V is the effective volume of the sampling device (m3), λ is 
the thoron decay constant and A is the surface opening 
area of the accumulator (m2).

To obtain the equilibrium 220Rn concentration, the 
monitor was operated in 220Rn mode with 15 minutes cycle 
for 1 hour in each of the sampling spot. Then average of 
the last three concentration value from the 9 spots was 
taken which represent the Ceq

1). The first reading was 
neglected as it could be corrupted by external factors.

Now to obtain 226Ra content of the soil which is in 
equilibrium with 238U1), the mass exhalation rate of the 
sampling region was obtained. For this soil sample from 
the 9 sampling spots were taken to the laboratory and put 
them in a mass exhalation chamber of volume 5×10-4 m3 
(Fig. 3c). The detector probe of the monitor was directly 
mounted on the mass exhalation chamber using the 
provided slight tight mechanism preventing leakage of 
sample gas. The monitor was operated in 222Rn mode with 
60 minutes cycle for 12 hours. In this mode only alpha 
particle of radon was counted, as thoron was protected 
from entering the scintillation cell by the thoron 
discriminator, placed at the entrance of the cell. The build 
up radon concentration with elapse time was least fitted 
to obtained the build up rate C(t) and substituted in 
equation (7)1) to obtained the mass exhalation rate.

                    ⎛ JmM  ⎞
        C(t) =｜―――｜t + C0 (7)
                    ⎝   V    ⎠

Where Jm is the mass exhalation rate (Bq kg-1 s-1), M is 
mass of the sample (kg), V is the effective volume of the 
detector (m3), t the measurement time and C0 the 222Rn 
concentration at time t = 0.

Using the value of Jm from equation (7), the 226Ra 
content which is equilibrium concentration with 238U may 
be estimated using equation (8)1, 2)
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        Jm = REλ (8)

Where R is 226Rn content of the soil in Bq kg-1, E is the 
emanation coefficient of 222Rn (0.1-0.3 in soil)1), λ is the 
radioactive decay constant of 222Rn.

The 232Th equivalent concentration of 224Ra content was 
obtained using the flux obtained in equation (6)1, 2) as 
follow

        f = λLRρE (9)

Where f  is the 220Rn flux at the soil-air interface, λ is the 
220Rn decay constant, L is the diffusion length of 220Rn in 
soil (0.013 m)1), R is the 224Ra content in the soil, ρ  is the 
density of  the soil matrix and E  is the emanation 
coefficient of 220Rn (0.14)1).

From equation (4) the average 222Rn and 220Rn 
concentration of the study area was found to be 8143.2  
Bq m-3 and 13822.9 Bq m-3, respectively. From equation (5) 
and (6) the flux of 222Rn and 220Rn at the soil-air interface 
within the grid was found to be 0.015 Bq m-2 s-1 and 2.7  
Bq m-2 s-1, respectively. Again from equation (7) the mass 
exhalation rate of the region was found to be 0.030 
Bq kg-1 h-1. Substituting this value and the other 
conventional parameters given in IAEA1) in equation (8) 
the 226Ra content of the soil was found to be 16.9 Bq kg-1. 
On the other hand, from equation (9) the 224Ra content of 
the study area was found to be 49.7 Bq kg-1. Since the 
concentration of 226Ra and 224Ra were in equilibrium with 
their respective parent nuclei 238U and 232Th in soil1). 
Hence the concentration of 238U and 232Th in soil of the 
study area may be expressed as 16.9 Bq kg-1 and 49.7 
Bq kg-1, respectively. The 220Rn to 222Rn concentration, 
220Rn flux to 222Rn flux and 232Th to 238U content has a ratio 
of 1.7, 180 and 2.9, respectively (Table 3). The observation 
clearly depicts that the higher 232Th content of the region 
reflects in higher concentrations and flux of its daughter 
nuclei (220Rn) to that of its isotope (222Rn) of 238U decay 
chain. When compared to that of the worldwide average, 
concentrations of the isotope pair falls within the given 
range (103 -105 Bq m-3 in soil) given by IAEA1). The 
obtained 222Rn flux was in close agreement with the 

worldwide average (15-20 mBq m-2 s -1) given by 
UNSCEAR51) while 220Rn flux surpass the reported range 
(1-1.9 Bq m-2 s-1)51). Also the obtained activity concentration 
of 238U and 232Th were found to be respectively lower and 
higher than their corresponding worldwide average of 35 
Bq kg-1 and 30 Bq kg-1 given in UNSCEAR34). At the same 
time both the activity concentration of 238U and 232Th were 
much lower than the critical value of 1000 Bq kg-1 set by 
IAEA35). Hence in terms of health hazard no radiological 
risk was observed at the study area.

4.3.  Comparative analysis of  soil-air inter face in-situ 
radon data with Continuous Data
Measurement of 222Rn and 220Rn counts data at Mat fault 
was carried out on the following dates: May 30, 2018; June 
27, 2018; July 26, 2018; August 28, 2018; September 25, 
2018 and October 9, 2018. To differentiate them into 
anomaly and non-anomaly period data, the negligibly 

Table 3.  Details of 222Rn, 220Rn, 238U and 232Th data’s obtained from the 
study area

222Rn 220Rn Ratio 
(220Rn/222Rn)

Bq m-3 8143.2 13822.9 1.7
Bq m-2 s-1 0.015 2.7 180

238U 232Th Ratio 

(232Th/238U)
Bq kg-1 16.9 49.7 2.9

Fig. 5.  Plot of (a) 15 minutes cycle 222Rn data of the CMS classifying 
in-situ 222Rn data of Mat fault into anomaly period and non-anomaly 
period data generated between April 15, 2018 and October 31, 2018. 
The dates of experiment were represented by vertical red and black 
lines, indicating anomaly period and non-anomaly period data’s, 
respectively, (b) 15 minutes cycle 220Rn data at the soil-air interface of 
the CMS between April 15, 2018 and October 31, 2018,  (c) Average 
of anomaly period and non-anomaly period 222Rn counts data for each 
of the nine spots from the rectangular grid at Mat fault between May, 
2018 and October, 2018.
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meteorological influence data of the CMS was adopted. 
The nature of radon data of the CMS has been discussed 
in section 3.2 and 4.1. There was no definite criterion for 
assigning radon anomalies; hence every author defines it 
appropriate to its own data11). For example, anomalies of 
atmospheric radon data 5 m above the ground surface at 
Kobe Pharmaceutical University was observed at 3σ (σ = 
standard deviation) from the mean18-21). On the other hand, 
several authors16, 27, 28, 30, 31, 52-55) monitoring soil radon data 
adopt the mean plus ‘n’ times standard deviation (SD) 
criterion (n = 1, 2, 3,......). All of  them including  
authors16, 27, 28, 30, 31) who had monitors at the present study 
area by passive sampling reports radon anomalies at 2σ, 
1.5σ as well as at 1σ prior to earthquakes. Recently, Sahoo 
and group56) reports fluctuation in the Instantaneous 
Energy of time series radon data above 2σ and 1σ before 
some local earthquakes at Kutch, Gujarat, India. All these 
reports, specifically of radon data at soil signify that 
accumulated strain at local distance from the monitoring 
station resulted in increase of radon concentration above 
1σ from its mean or more. The mean plus ‘n’ times 
standard deviation criterion was as well adopted by the 
authors and raise in radon data above 1σ(1SD) was 
considered as radon anomaly (Fig. 5a). The reason behind 
assigning radon anomaly at 1σ is to completely identify 
radon data with the slightest geophysical characteristic 
nature from the normal one based on the fact that 
anomalies above 1σ were associated with earthquakes16, 27, 

28, 30, 31, 52-55). Besides, the meteorological influence on the 
radon data was highly minimised as discussed in section 
3.2 and 4.1 above. Hence, any fluctuation above 1σ was 
confidently taken as radon anomaly due to local 
geophysical phenomena. Such that, if radon data were 
generated at Mat fault by the time radon data at the CMS 
cross 1σ, they were taken as anomaly period data 
otherwise a non-anomaly period data. By this criterion 
radon data of May 30, 2018; July 26, 2018; August 28, 2018 
and September 25, 2018 were considered anomaly period 
data while those of June 27, 2018 and October 9, 2018 
were taken as non-anomaly period data. In Fig. 5a the 1σ 
line was represented by a horizontal line and dates of the 
experiment by a vertical line. The vertical red and black 
lines represent  anomaly and non-anomaly data, 
respectively. Thoron data of the CMS within the said 
period was also given in Fig. 5b. Now radon counts during 
the anomaly and non-anomaly period from each sampling 
spots were compared. It has been observed that in 78% of 
the spots (7 out of 9 spots), the radon counts were higher 
during anomaly period (Fig. 5c). The observation reveals 
that majority of the sampling spot were able to show 
higher radon exhalation during geophysical activity 
which in turn indicates the fault was active16, 26-33). The 
observation was in agreement with the experimentally 
demonstrated analytical model of Sahoo and Gaware2). In 

their model they suggested that the radon concentration 
at the sub-soil was low as compare to that of deep soil. 
Hence perturbation of the radon concentration was more 
pronounce and easier to detect than that of deep soil 
during stress release. Hence it may be concluded during 
the study period the radon data response well to 
geophysical processes.

5.  Conclusion

The study shows presence of meteorological effect on 
222Rn and 220Rn data’s at the ground surface. Relative 
humidity and barometric pressure were found to be the 
enhancing and suppressing factors of  222Rn count, 
respectively while pressure was found to be the most 
influencing factors. The observed correlations were 
mostly weak except for pressure where it was found to be 
moderate. Hence radon anomaly under such condition 
was assumed as a result of geophysical activity. No strong 
correlation was observed between 220Rn data and 
meteorological factors, also the correlations were 
insignificant except for rainfall. The weak correlation 
between the isotope pair and most of the meteorological 
factors shows the effectiveness of the shading provided in 
the monitoring station. It also signifies the possibility of 
reducing the meteorological effect physically to a 
substantial amount. Results of the study also shows that 
the obtained 222Rn (concentration and flux) and 238U data 
were in agreement and lower than their corresponding 
worldwide average, respectively. The 220Rn concentration 
also agrees well with the worldwide average, while its 
flux and parent nuclei (232Th) content surpasses it. The 
higher 232Th content reflects the higher concentration and 
flux of 220Rn data to that of its isotope. Based on the 
critical value set by IAEA35), no radiological hazard was 
found from 238U and 232Th of the study area. Upon 
comparing the in-situ data at Mat fault with continuous 
data of the CMS, it was observed that both the location 
response well to geophysical activity of the region. This 
signifies the reason behind the unison variation of radon 
data 57 km apart from each other could be nothing but 
geophysical phenomena. Considering the limited studies 
and literature on radon monitoring, the authors hopes the 
present data (continuously generated till date) will serve 
as a vital role in future seismic precursory study. Direct 
correlation of the data with seismic data of the region was 
neglected as the authors find the data was only for a 
period of six months and immature for such prediction 
studies. Since this study suggest that radon anomaly of 
the region were due to geophysical phenomena especially 
seismic activity, upon accumulating a substantial amount 
of data its correlation with seismic activity will be 
followed up shortly.
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