CHAPTER 5

RADON CONCENTRATION IN
WATER
AND DOSE ESTIMATION
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In this chapter, the measurement of radon concentration in underground and surface
water has been done in the studied area using Smart RnDuo developed by BARC,
Mumbai. Further, the correlation between radon concentration in underground water
with depth (in meters) has been discussed. The inhalation and ingestion doses have been
calculated to study the radiological risk assessment for the residents of the studied area.
The detailed introduction about the topic, measurement procedure, formulae used for
calculations, results and discussion and conclusion have been discussed in this

following section.

5.1 INTRODUCTION

Exposure of humans to radon gas is a cause of concern. Many pooled as well as
individual studies have been carried out to find the radiation levels and so that the
radiological health risk to the general public can be assessed. The world is naturally
radioactive, with natural sources such as cosmic radiation, radon gas exposure and
terrestrial radiation accounting for over 90% of human radiation exposure (Kansal
et al., 2015). Among the various sources of natural ionizing radiations present on the
earth, radon alone contributes to more than 50% of the total dose received by the general
public (UNSCEAR 2000; Singh et al., 2015) and is known to be the second largest
cause of lung cancer after smoking (WHO, 2009; Al-Zabadi et al., 2015). Radon, a
progeny of uranium, is an inert, colourless and odourless gas found in numerous kinds
of rocks like granites, metamorphic rocks and sedimentary rocks containing phosphate
(Lowerence et al., 1991; Linda et al., 1992; Carvalho et al., 2007). Radon gas is fifteen
times more soluble in water than other noble gases like helium and neon, which gets
dissolved and transported with the water when underground water moves through
radium rich soil and rocks. The existence of natural radioactivity in water is based on
the local geological conditions of the source, soil or rocks (Fatima et al., 2007).
Dissolved radon in water may enter into indoor air through de-emanation when this
water is used for showering or laundry purposes (UNSCEAR, 2000).

A report by the National Research Council of the United States attributed 3,000
to 32,000 lung cancer deaths per year (with a mean of about 19,000 deaths annually) to
Rn-222 and its short-lived progeny in indoor air (NCBI, 1999). Furthermore, there is a
plethora of literature suggesting that there is no safe level for stochastic (probabilistic)
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effects to occur (Tsoulfanidis et al., 2015). Several studies on radon and its correlation
with geology have been attempted in different parts of the world (Tanner, 1986; Ramola
et al., 1989; Choubey et al., 1994). From various epidemiological combined
investigation of seven North American case-control studies, it was established that
radon in homes increases the risk of lung cancer to the local population (Lubin et al.,
1995, 1997; Krewski et al., 2005). In a study by Henshaw, it was revealed that indoor
radon concentration is related with leukaemia and certain different malignancies
(Henshaw et al., 1990). According to USEPA 1991, consumption of water causes
168 cancer deaths every year, 89% of lung cancer deaths were caused by breathing in
radon released to the indoor air from water and 11% of stomach cancer deaths were
caused by consuming water containing radon (USEPA, 1991). Radioactive
contamination can lead to various life-threatening diseases like cancer and renal failures
(Kurttio et al., 2006; Skeppstorm et al. 2007; Kansal et al., 2011). Radon progenies can
also stick to aerosol particles thereby exposing indoor occupants to elevated radon
exposure (Mishra and Mayya, 2008). These progenies deliver most of the dose to
tissues, thereby damaging the genetic material and leading to mutations. ICRP
recommends a threshold exposure limit of 1 mSv per year for general public and
20mSv per year for radiation workers for the total dose received for all sources (ICRP
2010). However, as per the United States Nuclear Regulatory Commission (US-NRC),
exposure levels to individuals must be kept ‘as low as reasonably achievable’ (principle
of ALARA). Besides acting as an indicator for uranium deposits, radon has some
unique properties due to which it finds its use as a geophysical tracer for locating faults
and geological structures (Tanner, 1986). However, the most important aspect of
studying radon is the radiological hazard it poses to general public.

Water, being a basic component of all life forms, is essential for the survival of
all living beings. It is therefore imperative to test water for such toxic and radiological
components. Keeping in view the significance of the adverse health effects of radon,
many studies have been carried out worldwide for quantifying radon in water. The
present study in Barnala and Moga districts of Punjab, India has been carried out for
the first time using Smart RnDuo to find the radiological risk assessment to the public.
The ingestion and inhalation doses for various age groups like infants (1-2 year),

children (8-12 year) and adults (above 17 year) have also been calculated. The data
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obtained in this study will add to the relevant scientific data pool for the radon mapping

of country.

5.2 METHODOLOGY

5.2.1 Field Work

The studied area is divided into grid pattern for uniform mapping. Total
200 underground water samples were procured from 50 different villages with four
samples (2 underground and 2 surface water) from each village. The underground water
samples were collected from different sources like handpump, submersible and
borewell while, the surface water samples were collected from different sources like
canal, water works tanks and ponds. The samples were collected in 60 mL airtight,
cleaned glass bottles. The samples were collected underwater by putting the sampling
water bottles in the water container/ bucket so that radon could not escape during the
sample collection (Figure 5.1). All sampling bottles were fully filled up to the top
ensuring no bubble formation in the sample. Glass bottles have been preferred over
other materials as they have more radon retention ability (Vesterbacka et al., 2010).

Bucket filled
with water

Connected to
source

Figure 5.1: A schematic representation of water sample collection from source

To measure radon concentration in the collected water samples in real time, a
scintillation-based radon monitor, Smart RnDuo developed by Radiation Protection
& Advisory Division (RP&AD) at Bhabha Atomic Research Centre (BARC), Mumbai,

India (Gaware et al., 2011), has been used. The inbuilt pump was made to turn on for
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5 minutes to flush out air from the detector, after that RnDuo monitor along with
bubbler attachment was connected to the sampling bottle using flexible tubing
(Figure 5.2). Then pump was turned on manually for 2-3 minutes by putting pump
setting “ON” in radon mode in closed setup. Then it was turned “OFF” in pump settings.
Measurement of radon was taken in 15minute cycle each for 1hour operation at constant
temperature. Gas was collected from the water sample into a scintillation cell (150 cc)
for radon measurement using a diffusion method. The gas is passed via a "progeny
filter" and a "thoron discriminator" during diffusive sampling, which removes
radon/thoron progenies and thoron. The radon measurements in RnDuo are based on
the continuous counting of alpha particles generated from radon and its decay products
formed inside a cell volume by the PMT and the associated counting electronics. The
collected alpha counts are processed by a microprocessor unit using a devised algorithm
to display the radon concentration. For the measurement of radon concentration in water

samples and radiological risk assessment following formulae has been used:

ﬁ

[N SMART RnDuo

AQTEK  Portable Radon Monitor
SYSTEMS

Figure 5.2: Set-up for measurement of radon in liquid sample

5.3 FORMULAE USED

5.3.1 To Calculate Radon in Water

The following formulae has been used to measure the radon concentration in liquid
(Ciig) from the measured concentration of radon in air (Cair) in water samples is given
by Smart RnDuo (Gaware et al., 2011):
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Where, Cair is concentration of radon in air (Bgqm™), Ciiq is concentration of radon in
water (Bqm),
Vair and Vy are the air and water volume and k (=0.25) is partition coefficient between

air and water.

5.3.2 To Calculate Annual Effective Dose Due to Ingestion and

Inhalation

The dose exposure due to ingestion and inhalation from the Radon in water has been
calculated by the parameters given in UNSCEAR report (2000).

5.3.2.1 To Calculate Ingestion Dose. The ingestion dose has been calculated Due to
Radon Concentration in Water given by UNSCEAR, 2000:

ID - Cliq > ADWl X365X DI: (2)

Where Ipis the ingestion dose per year (USvy™),

Ciiq is the radon concentration in water,

Abwi is the age-wise daily water intake (for infants (0-2 year) (0.8 L), for children
(8-12 year) (2.5 L) and for Adult (above 17 years) (3L)) (WHO, 2004).

and DF is the dose conversion factor for radon (3.5 nSvBq?) for adults, (5.9 nSvBq™?)
for children and (23 nSvBq?) for infants (UNSCEAR, 2000).

5.3.2.2 To Calculate Inhalation Dose. The inhalation dose due to consumption of
radon in drinking water is given by UNSCEAR, 2000:

Inhy =Cy;y xR xd, xoxDF 3)

lig
Where Inhp is the inhalation dose per year (uSvy™),

Ciiq is the radon concentration in water,

a

R is the ratio of radon in air and water/ transfer coefficient (10),

w

Brn,,, 1S the equilibrium factor between radon and its progeny (0.4) (equilibrium factor

is when radon is secular equilibrium with its progeny),
0 is the time of individual average indoor occupancy (7000 hy™?),

(ICRP assumes 80% annual indoor occupancy (ICRP, 1993),
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and DF is the dose conversion factor for inhalation of radon (33nSv (Bgq h m=)?) for
infants, (31.4 nSv (Bq h m2)™?) for children and (28.3 nSv (Bq h m3)™?) for adults
(Brudecki et al., 2014).

5.4 RESULTS AND DISCUSSION

5.4.1 Radon Concentration in Water

In Barnala district, Table 5.1 shows the measured radon concenration in all 100 water
samples. The concentration varies from a minimum value of 0.17 + 0.01 BgL™ (Sehra,
surface water) to maximum value of 9.84 + 0.59 BqL™ (Dhanula, surface water) with
an average value of 3.01 + 0.29 BgL™. The measured average values are lower than
11 BgL? as recommended by USEPA (1991), 100 BqL™* by WHO (2004) and 4-40
BqL™ by UNSCEAR (2008).

Table 5.1 also shows the annual effective dose due to ingestion and inhalation

of radon in drinking water for various age groups. The annual effective dose due to
ingestion for infants (0-2 year) lies in the range of 5.51 + 0.43 to 56.55 + 3.41 puSvy*
with a mean value of 21.93 + 1.36 puSvy?, for children (8-12 year) it lies in the range
of 4.41 + 0.35 t0 45.25 + 2.74 uSvy* with a mean value of 17.55 + 1.09 puSvy* and for
adults (above 17 years) it lies in the range of 3.14 + 0.25 to 32.21 + 1.95 uSvy* with a
mean value of 12.49 + 0.77 uSvy*. The annual inhalation dose varies from 7.57 + 0.60
to 77.67 + 4.70 uSvy* with a mean value of 30.11 + 1.87 puSvy for infants, 7.20 + 0.57
to 73.90 + 4.47 pSvy® with a mean value of 28.65 + 1.78 uSvy™ for children and
6.49 + 0.51 t0 66.60 * 4.03 uSvy* with a mean value of 25.82 + 1.60 puSvy* for adults.
The calculated dose values are well below the annual effective dose of 100 uSvy
recommended by WHO (2004, 2008).
In Moga district, Table 5.2 shows the measured radon concentration in all 100 water
samples of Moga district. The concentration varies from a minimum value of
0.82 + 0.06 BgL™ (Moga, surface water) to maximum value of 8.41 + 0.51 BqL™*
(Marhi, surface water) with an average value of 3.26 + 0.20 BgL™. The measured
average values are lower than 11 BgL™ as recommended by USEPA (1991), 100
BgL by WHO (2004) and 4-40 BqL* by UNSCEAR (2008).
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Table 5.2 also shows the annual effective dose due to ingestion and inhalation
of radon in drinking water for various age groups. The annual effective dose due to
ingestion for infants (0-2 year) lies in the range of 7.57 + 0.60 to 77.67 + 4.70 pSvy*
with a mean value of 30.11 + 1.87 puSvy?, for children (8-12 year) it lies in the range
of 7.20 + 0.57 to 73.90 + 4.47 uSvy* with a mean value of 30.11 + 1.87 uSvy* and for
adults (above 17 years) it lies in the range of 6.49 + 0.51 to 66.60 + 4.03 uSvy* with a
mean value of 25.82 + 1.60 uSvy*. The annual inhalation dose varies from 5.51 + 0.43
to 56.55 * 3.41 pSvy?! with a mean value of 21.93 + 1.36 uSvy? for infants,
4.41 +0.35t0 45.25 + 2.74 uSvy ! with a mean value of 17.55 + 1.09 uSvy* for children
and 3.14 + 0.25 to 32.21 + 1.95 puSvy* with a mean value of 12.49 + 0.77 puSvy* for
adults. The calculated dose values are well below the annual effective dose of 100
uSvy! recommended by WHO (2004, 2008).

5.4.2 Frequency Distribution

For Barnala district, Figure 5.3 shows a frequency distribution graph for radon
concentration. It has been observed that concentration in 31% of the samples lie
between 0-2 BgL™, in 32% samples it lies between 2-4 BgL™ and in 37% samples it
lies between 4-10 BqL™.
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Figure 5.3: Frequency distribution of radon concentration in Barnala district

For Moga district, Figure 5.4 shows a frequency distribution graph for radon

concentration. It has been observed that concentration in 25% of the samples lie

122



between 0-2 BgL™, in 41% samples it lies between 2-4 BqL™ and in 34% samples it
lies between 4-10 BalL™.
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Figure 5.4: Frequency distribution of radon concentration in Moga district

5.4.3 Correlation between Radon Concentration in Underground
Water with Depth (in Meters)

From the measured values, a weak correlation (R?= 0.01) has been found for the radon

concentration in groundwater samples with the depth of well (24-183 meter) as shown

in Figure 5.5.
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Figure 5.5: Correlation of radon concentration in under groundwater with depth

(in metres) in studied area
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Since the source of underground water in studied is mainly the unconfined aquifer, the
increase in concentration of dissolved radon with depth can be attributed to the higher
solubility under greater hydrostatic pressure and longer time spent by water in contact
with surrounding earth while seeping to the greater depths. The higher concentration of
radon in samples of groundwater from depths below 60 m may also be due to the greater
radioactivity in rocks of confined aquifers in the studied area.

A normality test using Origin Lab 8.5, at a significance level of 0.01, revealed
that the surface water data was not significantly drawn from a normally distributed
population although the groundwater data was significantly drawn from a normally
distributed population. Table 5.3 shows a comparative descriptive statistical analysis of
drinking water from surface and underground water (100 samples each) using
IBM-SPSS.

5.4.4 Comparison between Radon Concentration in Surface Water

with Underground Water

The minimum and maximum radon concentration in surface water and groundwater
ranged from 0.17 — 9.84 BgL™ and 1.40 — 9.54 BqgL™, respectively with a standard
deviation of 1.62 Bqm™ and 1.66 BgL™, respectively. The mean radon concentration
(+ SE) for surface and groundwater were found to be 2.23 +0.16 BqL™* and 4.37 + 0.29
BqL* respectively. Table 5.3 shows the descriptive statistics using SPSS, from which
it has been found that the underground water sources have higher levels for radon than
surface water sources and the same has been shown in Figure 5.6. This may be because
of the reason that underground water directly encounters U-238 rich rocks that release
radon in water and cannot escape to atmosphere (Skeppstorm et al., 2007; VVoronov et
al., 2004). Also, radon levels are generally higher in underground water as compared to
surface water because of presence of granite, sand and gravels in the bedrock (Stojkovic
etal., 2015). In contrast, radon in surface water samples can easily escape to atmosphere
due to aeration and agitation in water. The variation in radon concentration in surface
water and underground water depends upon geological factors and topography
(Fonollosa et al., 2016; Parshad et al., 2018). The results show that the average radon
concentration in underground water samples is 4.37 + 0.29 BgL™ which is higher than

the average concentration of radon in surface water sources is 2.23 + 0.16 BgL™.
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For surface water, a positive value of 2.06 for skewness shows that the distribution is
highly skewed and a high kurtosis value of 6.53 shows that the distribution is
leptokurtic. Compared to a normal distribution, its tails are longer and fatter and often
its central peak is higher and sharper. Similarly, for groundwater, a value of 0.73 for

skewness shows that the data is moderately skewed while a negative value of kurtosis

indicate that a distribution is platykurtic that is, the distribution is flat and has thin tails.
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Figure 5.6: Inter comparison for radon concentration between surface water and

underground water in studied area

It has been found that the borewell water samples have higher radon concentration
than submersible and handpump samples for both the districts (Figure 5.7).

T ot T ' T

6

. T x
I Barnala District
Moga District

[}
|

W
1

4.33

4.16 4.22 4.26

N
1

N
1

Radon concentration in water (Bql™)
w
1

Handpump Submersible Borewell Surface Water

Sources of Water
Figure 5.7: Comparison between radon concentration in water samples collected

from different sources of underground water sources in studied area
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Table 5.4 shows the comparison of measured radon concentration in water samples in
the studied area with worldwide values and has been found to be lesser than these
values. The average value in the studied area is slightly more than the 2.72 BgL? in
Bathinda district, (Mehra et al., 2015) but less than 3.63 BqL™ in Faridkot district,
4.7 BgLin Mansa and Muktsar district, Punjab, India (Mehra et al., 2015). The
measured radon concentration (0.17 to 9.84 BgL™) in the studied area are lower than
that of Cyprus (0.3 to 20 BqL™) (Nikolpoulos et al., 2008), Greece (0.8 to 20 BqL™)
(Nikolpoulos et al., 2008), Brazil (0.95 to 36) (Marques et al., 2004), Turkey (1.46 to
53.64 BgL™) (Tarim et al., 2010), South Korea (300 BgL™?) (Cho et al., 2014), Iran
(0.064 to 49.1 BqgL?) (Banish et al., 2011), Sweden (5 to 3470 BqlL?)
(Salih et al., 2004).

5.4 CONCLUSION

e The measured values of radon concentration in all the samples have been found
to be below the recommended limit of 100 BgL™* by WHO (2004), 11 BqL by
USEPA, 1991 and within the range of 4-40 BgL™ by UNSCEAR, 2008.

e The annual effective dose due to ingestion and inhalation for infants has been
found to be higher than the dose received by children and adults, while overall
dose is well below the safe limit of 100 pSvy recommended by WHO (2008).

e The underground water samples have slightly higher values of radon
concentration than in surface water is because the radon easily escapes from
surfaces while as underground water retains.

e A weak positive correlation has been observed between radon concentration in
underground water with depth. Since the source of underground water in studied
is mainly the unconfined aquifer, the increase in concentration of dissolved
radon with depth can be attributed to the higher solubility under greater
hydrostatic pressure and longer time spent by water in contact with surrounding
earth while seeping to the greater depths. The higher concentration of radon in
samples of groundwater from depths below 60 m may also be due to the greater
radioactivity in rocks of confined aquifers in the studied area.

e As the measured values in the studied area are below the recommended safe
limits, so it can be concluded that radon in water may not pose any significant
radiological risk to the public.
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Table 5.1: Radon concentration and Annual effective dose due to ingestion and inhalation for various age groups in Barnala district.

Annual effective dose due to inhalation Annual effective dose due to ingestion
> Place Source Clq i-f Svy™) R
No. (BqL=) Infants Children Adults Infants Children Adults
(0-2 yr) (8-12yr) | (above 17 yr) (0-2 yr) (8-12yr) | (above 17yr)
1 SW 294+031 |2719+284 | 2587+2.7 | 23.32+2.43 | 198+2.06 | 1584+165| 11.28+1.18
2 uG 8.17+0.21 |7549+194|71.82+1.72 | 64.74+1.66 |5496+141|4399+1.13| 31.13+0.8
3 Dhanula UG 439+037 |4059+3.38(38.62+3.22| 3481+29 |2955+246|2365+197| 16.83+1.4
4 SW 9.84+0.56 |90.89+5.14|86.48+4.89| 77.94+4.41 |66.17+3.74 |5295+2.99 | 37.7+2.13
5 UG 954+055 | 88.16+51 [83.89+485| 756+4.37 |64.19+3.71|51.37+297| 36.57+£2.11
6 Bhaduar UG 9.27+0.47 |8565+4.34| 81.5+4.13 | 73.46+3.72 | 62.36 £3.16 | 49.91+253 | 3553+1.8
7 SW 565+0.44 |5219+4.02|49.66+3.82| 44.76+3.45 | 38+292 |3041+234| 21.65+1.67
8 SW 409+037 |37.81+342(3598+3.26| 32.42+294 |2753+2.49|2203+199 | 15.68+1.42
9 UG 6.05+0.43 559+4 |53.19+381| 47.94+3.43 | 40.7+291 |3257+233| 23.19+1.66
10 Jangiana UG 545+0.34 |50.36+3.14 | 47.92+299 | 43.19+2.69 |36.66+2.28 |29.34+1.83| 20.89+1.3
11 SW 7.47+049 | 69.05+45 | 65.7+4.28 | 59.22+3.86 |50.27 +3.27 | 40.23 +2.62 | 28.64 + 1.87
12 SW 1.63+0.22 |15.07+2.07|1434+197 | 12.92+1.77 | 1097+15 | 878+1.2 | 6.25+0.86
13 UG 7.17+048 |66.28+4.44|63.06+4.23| 56.84+3.81 |48.25+3.23 |38.62+259 | 27.49+1.84
14 | Channa UG 6.14+0.39 | 56.73+3.6 |53.98+3.43| 48.65+3.09 |41.31+2.62| 33.06+2.1 | 23.53+1.49
15 SW 498+0.42 |46.04+3.89| 43.81+3.7 | 39.49+3.33 |3352+2.82|26.83+£2.26| 19.1+1.61
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Annual effective dose due to inhalation

Annual effective dose due to ingestion

> Place Source Clq i-f Svy™) R
No. (Y Infants | Children |  Adults Infants | Children |  Adults
(0-2 yr) (8-12yr) | (above 17 yr) (0-2 yr) (8-12yr) | (above 17yr)
1o SW 2.39+041 |22.06+3.82|20.99+3.64| 18.92+3.28 |16.06+2.78 | 12.85+2.23 | 9.15+1.59
17 SW 275+03 |2542+277|2419+263| 21.8+237 |1851+2.01|14.81+1.61| 10.54+1.15
18 | Nainewal UG 7.25+0.47 |66.98+4.36 | 63.74+4.15| 57.44+3.74 | 48.77+3.17 | 39.03+2.54 | 27.78 + 1.81
19 UG 7.11+042 | 65.7+£3.88 | 62.51+3.69 | 56.34 +3.33 | 47.83+2.82|38.26+2.26| 27.25+1.61
20 SwW 141+035 |13.05+3.21|1241+£3.05| 11.19+2.75 9.5+233 7.6 +£1.87 5.41+1.33
21 UG 766+049 |70.74+4.49 |67.31+4.27 | 60.66+3.85 | 51.5+3.27 | 41.22+2.62 | 29.34+1.86
22 | saina UG 7.38+0.37 |68.19+3.42|64.88+3.25| 54.48+2.93 |49.65+2.48|39.73+£1.99 | 28.28+1.42
23 SW 585+0.45 |54.08+4.17 | 51.46 +3.97 | 46.38+3.58 |39.38+3.03 | 31.51+243 | 22.43+1.73
24 SW 222+032 |2049+296|19.49+282| 1757+254 |14.92+2.15|1194+173| 85+1.23
25 UG 248+0.28 |2293+259|21.82+246| 19.67+2.22 | 16.7+1.88 | 13.36+1.51 | 9.51+1.07
26 Tapa UG 237+031 | 21.9+286 |20.84+2.73| 18.78+2.46 |15.94+2.08 | 12.76 +1.67 | 9.08 +1.19
27 SW 129+021 | 1194+19 [11.36+1.81 | 10.24+1.63 | 8.69+1.38 | 6.95+1.11 | 495+0.79
28 SW 092+0.16 | 854+148 | 813+1.41 | 7.33+1.27 | 6.22+1.08 | 498+0.86 | 3.54+0.61
29 UG 3.8+0.34 |3512+3.18|33.41+3.02| 30.11+2.72 | 2557+2.31 |20.46+1.85| 1457 +1.32
30 | Draj UG 412+048 |38.07+4.44|36.22+4.22| 32.65+3.8 |27.72+3.22|22.18+258 | 15.79 + 1.84
31 SW 144+0.25 | 13.26+23 |1262+2.19 | 11.37+1.97 | 9.66+1.67 | 7.73+1.34 | 55+0.96
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Annual effective dose due to inhalation

Annual effective dose due to ingestion

> Place Source Clq i-f Svy™) R
No. (Y Infants | Children |  Adults Infants | Children |  Adults
(0-2 yr) (8-12yr) | (above 17 yr) (0-2 yr) (8-12yr) | (above 17yr)
3 SW 1.07£0.23 | 9.89+212 | 941+2.01 | 8.48+1.82 72+154 | 576+1.23 | 4.1+0.88
33 UG 1.88+0.22 |17.36 £2.07 | 16.52+1.97 | 1489+1.77 | 1264+15 | 10.12+12 | 7.2+0.86
34 | Mehta UG 1.74+0.17 [16.08+157| 153+1.49 | 13.79+1.35 [11.71+1.14 | 9.37+0.92 | 6.67+0.65
35 SW 3.19+03 |2946+279|28.03+2.65| 25.27+2.39 |21.45+2.02 | 17.17 £1.62 | 12.22 +1.16
36 SW 097+0.11 | 897+1.06 | 854+1.01 7.7+0.91 6.53+0.77 | 523+0.62 | 3.72+0.44
37 uG 141+0.2 13.07+1.81 |1243+1.72 | 11.2+155 951+132 | 761+1.05 | 542+0.75
38 Dhurkot UG 1.57+0.36 |1451+3.33| 13.8+3.17 | 1244+2.85 | 1056+242 | 845+194 | 6.02+1.38
39 SW 025+0.08 | 228+0.73 | 2.17+0.69 | 1.96+0.63 | 1.66+0.53 | 1.33+0.43 0.95+0.3
40 SW 0.34+0.1 314+093 | 298+0.88 | 2.69+0.79 | 228+0.67 | 1.83+054 | 1.3+0.38
41 SW 0.24 +0.07 22+0.69 | 209+0.66 | 1.89+0.59 1.6+05 1.28+04 | 091+0.29
42 | Sanghere SW 315+0.32 |29.14+294 | 27.73+28 | 2499+252 |21.22+2.14|16.98+1.71| 12.09+1.22
43 UG 498+0.46 |46.02+4.25|43.78+4.04| 39.46+3.65 | 33.5+3.09 | 26.81+2.48 | 19.09+1.76
44 uG 5572059 |5144+541|48.95+5.15| 4411+4.64 |37.45+3.93|29.97+3.15| 21.34+2.24
45 SW 0.28+0.08 | 256 +0.78 | 2.44 +0.74 2.2+0.67 1.86+0.57 | 1.49+0.46 | 1.06+0.32
46 Wajidke UG 523+0.49 |48.33+453|45.98+4.31| 41.44+3.88 |35.18+3.29 |28.16+2.64 | 20.04 +1.88
47 UG 434+037 |40.07+3.41|38.13+3.25| 34.36+293 | 29.18+2.48 | 23.35+1.99 | 16.62 +£1.42
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Annual effective dose due to inhalation

Annual effective dose due to ingestion

> Place Source Clq i-f Svy™) R
No. (Y Infants | Children |  Adults Infants | Children |  Adults
(0-2 yr) (8-12yr) | (above 17 yr) (0-2 yr) (8-12yr) | (above 17yr)
48 SW 473+0.38 | 43.7+354 | 41.58+3.36 | 37.48+3.03 | 31.82+2.57 | 25.46+2.06 | 18.13+1.47
49 UG 146+0.23 | 13.45+21 | 12.79+2 1153+18 | 9.79+152 | 7.83+1.22 | 558+0.87
50 | Sehra UG 14+021 |1394+194|1231+1.85| 11.09+1.66 | 9.42+1.41 | 754+1.13 | 537+0.8
51 SW 0.32+0.07 | 295+0.68 | 281+0.65 | 253+058 | 2.15+049 | 1.72+04 | 1.22+0.28
52 SW 0.17+0.08 | 1.54+0.71 | 1.47+067 | 1.32+£061 | 1.12+052 | 09+0.41 | 0.64+0.29
53 SW 3.39+0.32 | 31.29+2.97 | 29.78 £2.83 | 26.84+2.55 |22.78+2.16 | 18.23+1.73 | 12.98 +1.23
54 | Chuhanke UG 235+0.29 |21.71+2.68|20.66+255| 18.62+2.3 |15.81+1.95|1265+156| 9.01+1.11
55 UG 215+0.26 |19.87+2.38|18.91+227| 17.04+2.05 |14.47+1.73 | 11.58+1.39 | 8.24+0.99
56 SW 0.75+0.07 | 6.96+0.66 | 6.62+0.63 | 597+0.56 | 507+0.48 | 4.06+0.38 | 2.89+0.27
57 SW 1.34+0.18 |12.36+1.68 | 11.76+159 | 10.6+1.44 9+1.22 7.2+0.98 5.13+0.7
58 | Barnala UG 1.82+0.22 | 16.8+2.05 {1598+195| 1441+1.75 |1223+149| 9.79+1.19 | 6.97+0.85
59 UG 2.2+0.26 20.33+2.4 | 1934+229 | 1743+2.06 | 148+1.75 | 1184+14 843+1
60 SW 235+0.21 |21.71+1.97 | 20.66+1.88| 18.62+1.69 |15.81+1.43|12.65+1.15| 9.01+0.82
61 SW 0.23+0.1 2.16+0.97 | 205+0.92 | 1.85+0.83 1.57+0.7 | 1.26 £0.56 09+04
62 | Kurar SW 0.27+0.1 254+088 | 242+0.84 | 218+0.76 | 1.85+0.64 | 1.48+0.52 | 1.05+0.37
63 UG 2.36+0.38 |21.81+351|20.75+3.34| 18.7+3.01 |15.88+255|12.71+2.05| 9.04 +1.46
64 UG 242+026 | 224+238 |21.31+227| 19.21+2.05 |16.31+1.73 | 13.05+1.39 | 9.29+0.99
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Annual effective dose due to inhalation

Annual effective dose due to ingestion

> Place Source Ciq i-f (HSvy™) oy
No. (BaL™) Infants | Children Adults Infants | Children | Adults
(0-2 yr) (8-12yr) | (above 17 yr) (0-2 yr) (8-12yr) | (above 17yr)
85 |\ bl SW 02+008 | 1.87+0.77 | 1.78+0.73 | 16+0.66 | 1.36+0.56 | 1.09+0.45 | 0.78+0.32
66 SW | 4.02+0.16 |37.15+1.48|3535+141| 31.86+1.27 | 27.05+1.08 | 21.65+ 0.86 | 15.41 + 0.61
67 Kalan UG 556 +0.42 |51.37+3.88 |48.88+3.69| 44.06+333 | 37.4+2.82 |29.93+2.26 | 21.31 + 161
68 UG 541+038 | 50+355 |47.58+3.37| 42.88+3.04 | 36.41+258 | 29.13+2.07 | 20.74 + 1.47
69 UG 358+0.33 |33.09+3.09|31.49+294 | 28.38+265 | 24.09+225| 19.28+1.8 | 13.73+1.28
70 | BheniDesa UG 3.89+0.42 |3594+3.88| 34.2+3.69 | 30.82+3.33 |26.17+2.82|20.94+2.26 | 14.91+161
71 SW 215+022 |19.87+1.99| 1891+19 | 17.04+1.71 |14.47+145|1158+1.16 | 8.24+0.83
72 SW 055+0.11 | 509+1.04 | 484+099 | 436+089 | 3.7+075 | 296+0.6 | 2.11+0.43
73 UG 33+032 |3045+298|2897+2.84| 26.11+256 |2217+2.17 |17.74+174 | 12.63+1.24
74 Dangarh UG 352+0.36 |3252+3.33[30.95+3.17 | 27.89+2.85 | 23.68+2.42 |18.95+1.94 | 13.49 + 1.38
75 SW 225+0.19 |20.81+179| 198+17 | 17.84+153 | 1515+13 |12.12+1.04 | 8.63+0.74
76 SW 056+0.06 | 52+059 | 495+056 | 4.46+05 | 3.79+0.43 | 3.03+0.34 | 2.16+0.24
77 UG 4.08+0.35 |37.69+3.26| 35.86+3.1 | 32.32+2.79 | 27.44+237| 2196+ 1.9 | 15.63+1.35
78 UG 4014032 |37.05+2.96|3526+2.81| 31.78+254 | 26.98+2.15 | 2159+ 1.72 | 15.37 +1.23
79 | AspalKala SW | 1.13+023 |1047+217| 996206 | 897+1.86 | 7.62+158 | 6.1+1.26 | 434%09
80 SW 291+0.16 |2691+1.51|2561+1.44| 23.08+13 | 1959+1.1 |15.68+0.88 | 11.16 +0.63
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Annual effective dose due to inhalation

Annual effective dose due to ingestion

> Place Source Ciq i-f (HSvy™) oy
No. (BaL™) Infants | Children Adults Infants | Children | Adults
(0-2 yr) (8-12yr) | (above 17 yr) (0-2 yr) (8-12yr) | (above 17yr)
81 UG 3.88+0.23 |35.81+2.13|34.07+2.02| 30.71+1.82 | 26.07+1.54 | 20.86 + 1.24 | 14.85+0.88
82 | Attar Singh Wala | UG 3.96 +0.25 |3659+231| 34.82+22 | 31.38+1.98 | 26.64+1.68 | 21.32+1.35 | 15.18 * 0.96
83 SW | 259+0.32 | 239+293 [2274+279| 205+251 | 17.4+213 [1393+1.71| 9.91+1.22
84 SW 158+047 | 1458+4.37 [1387+4.16 | 125+3.75 |10.61+3.18| 8.49+2.55 | 6.05+1.81
85 UG 435+0.37 |40.18+3.42|38.24+3.26| 34.46+2.94 |29.26+2.49 | 23.41+1.99 | 16.67 + 1.42
86 | Handiaya UG 442+039 | 40.84+3.6 |38.86+3.43| 3502+3.09 |29.74+262| 23.8+2.1 | 16.94+1.49
87 SW 275+05 | 2544+46 |2421+437| 21.82+3.94 |1852+3.34|14.82+2.68 | 1055+ 1.91
88 SW 137+03 |1266+281|12.05+2.67 | 10.86+2.41 | 9.22+2.04 | 7.38+164 | 525+1.16
89 SW | 412+036 |38.07+3.31|3622+3.15| 32.65+2.84 |27.72+2.41|2218+1.93 | 15.79+1.37
90 Harigarh UG 4.66+0.38 |43.08+3.54 | 40.99+3.36| 36.95+3.03 | 31.37 +257 | 25.1+2.06 | 17.87 + 1.47
91 UG 475+04 | 4389+37 |41.76+352| 37.64+3.17 |31.96+2.69 | 2557 +2.15| 18.2+153
92 SW | 2.01+0.28 |[1859+258|17.69+2.46 | 15.94+221 |1353+1.88| 10.83+15 | 7.71+1.07
93 UG 439+0.1 |40.54+0.04|3858+0.04| 34.77+0.03 | 29.52+0.03 | 23.62 +0.02 | 16.82 + 0.02
94 | Kattu UG 432+0.01 [39.92+0.09|37.98+0.09| 34.23+0.08 | 29.06 +0.07 | 23.26 + 0.05 | 16.56 + 0.04
95 SW | 3.67+001 | 33.9+0.03 |32.26+0.03| 29.07+0.03 | 24.68 +0.02 | 19.75 + 0.02 | 14.06 + 0.01
% SW 2.17£001 |20.02+0.02|19.04+0.02 | 17.16+0.02 | 1457 +0.01 | 11.66 +0.01 | 8.3+0.01
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Annual effective dose due to inhalation Annual effective dose due to ingestion
> Place Source Clq i.f Svy™) R
No. (Y Infants | Children |  Adults Infants | Children |  Adults

(0-2 yr) (8-12yr) | (above 17 yr) (0-2 yr) (8-12yr) | (above 17yr)

97 uG 496+0.01 |45.86+0.05|43.64+0.04 | 39.33+£0.04 |33.39+0.03 | 26.72+0.03 | 19.02 +0.02
98 | Diwana uG 5.05+0.31 |46.66+2.86| 444+273 | 40.02+2.46 |33.97+£208|27.19+1.67| 19.35+1.19
99 SW 3.63+0.01 |3358+0.03|31.96+0.03| 28.8+0.03 |24.45+0.02|19.57+0.02 | 13.93+0.01
100 SwW 1.97+0.01 |18.24+0.02|17.35+0.02 | 15.64+0.02 | 13.28+0.01 | 10.63+0.01 | 7.56 £ 0.01
Minimum 0.17+0.01 1.54+0.09 | 1.47+009 | 132+0.08 | 1.12+0.07 | 0.9+0.05 0.64 +0.04
Maximum 9.84+059 |90.89+541|86.48+515| 77.94+4.64 |66.17+3.93|5295+3.15| 37.7+2.24
Average 3.37+£0.29 |31.13+2.68|29.62+253| 26.69+23 |2266+195|18.14+156| 1291+1.11
Standard Deviation 2.27 20.92 19.91 17.94 15.23 12.18 8.67
Kurtosis 0.22+-0.82 | 0.22+-0.82 | 0.22+-082 | 0.22+-0.82 | 0.22+-0.82 | 0.22+-0.82 | 0.22 +-0.82
Skewness 0.75+-0.04 | 0.75+-0.04 | 0.75+-0.01 | 0.75+-0.04 | 0.75+-0.04 | 0.75%+-0.04 | 0.75+-0.04
1% Quartile 1.57+019 |1452+1.79|1382+162| 1246+154 | 1057+1.3 | 846+1.05 | 6.02+0.74
2" Quartile 3.05+031 |2817+282| 26.8+2.66 | 2416+242 | 20.51+2.05|16.41+1.64 | 11.68+1.17
3" Quartile 471+0.38 |4355+354|41.43+3.37| 37.34+£3.04 | 31.71+2.58 | 25.37 +2.06 | 18.06 = 1.47
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Table 5.2: Radon concentration and Annual effective dose due to ingestion and inhalation for various age groups in Moga district

_ Annual Effective Dose due to Inhalation Annual effective dose due to ingestion
S. Cigto 1 -1
e Place Types (HSvy™) (HSvy™)
(BgL™?) Infants Children Adults Infants Children Adults

1 UG 3.11+£0.29 | 28.70+2.65 | 27.31+2.00 24.61+2.27 | 2090+1.93 | 16.72+155| 11.90+1.10
2 Bhagapurana SW | 194+0.15 | 1791+135 | 17.04+146 | 1536+1.15 | 13.04+0.98 | 10.43+0.78 | 7.43+0.56
3 SW | 0.88+0.09 | 8.11+0.87 7.72 £0.83 6.96 + 0.75 591+064 | 473+051 3.36 £0.36
4 UG 268+0.26 | 2481+£236 | 23.60+2.25 | 21.27+2.03 | 18.06 +1.72 | 14.45+1.38| 10.29+0.98
5 UG 8.39+0.51 | 77.56 £4.70 73.80 £4.47 66.52 +4.03 | 56.47 +£3.41 | 4519+2.74 | 32.17+1.95
6 Marhi SW | 841+049 | 77.67+4.49 | 73.90+4.27 | 66.60+3.85 | 56.55+3.27 | 45.25+2.62 | 32.21+1.86
7 SW 5.07 £0.38 | 46.87 +3.56 | 4459+3.38 | 40.19+3.05 | 34.12+259 | 27.31+2.07| 19.44+1.48
8 UG 7.03+045 | 6492+4.19 | 61.77+399 | 55.67+3.60 | 47.27+3.05 |37.82+2.44 | 26.93+1.74
9 UG 3.72+031 | 3435+288 | 32.68+2.74 | 29.45+247 | 25.01+£2.09 | 20.01+1.68| 14.25+1.19
10 Rode SW | 195+0.18 | 18.03+1.63 | 17.16+156 | 1546+1.40 | 13.13+1.19 | 1051+095| 7.48+0.68
11 SW | 1.08+0.20 | 10.02 +1.87 9.54+1.78 8.60 +1.60 730+1.36 | 584+1.09 4.16 +0.78
12 UG 418+0.15 | 3860+143 | 36.73+1.36 | 33.10+1.23 | 28.11+1.04 |2249+0.83| 16.01+0.59
13 UG 457+045 | 4219+4.15 | 40.14+395 | 36.18+3.56 | 30.72+3.02 |2458+2.42 | 1750+1.72
14 Khokhrana SW | 270+0.30 | 2491 +2.76 | 23.70+262 | 21.36+2.36 | 18.14+2.00 | 1451 +161| 10.33+1.14
15 SW | 153+0.11 | 14.11+1.02 13.43+0.97 | 12.10+0.87 | 10.28+0.74 | 8.22 +0.59 5.85+0.42
16 uG 411+0.25 | 37.95+2.29 36.11 +2.18 3255+1.97 | 27.63+1.67 |2211+1.34| 15.74+0.95
17 UG 495+0.34 | 45.70+3.17 43.49+301 | 39.20+2.72 | 33.28+2.30 | 26.63+1.84| 18.96+1.31
18 Nathuwala SW | 293+0.15 | 27.11+1.37 25.79+1.30 | 23.25+1.17 | 19.74+0.99 | 15.79+0.80 | 11.24 +0.57
19 SW | 147+0.18 | 1354+168 | 1288+159 | 1161+144 | 986+1.22 | 7.89+0.98 5.62 +0.70
20 UG 462+030 | 42.72+281 | 40.65+2.67 | 36.64+241 | 31.11+2.04 |2489+1.64 | 17.72+1.16
21 Samalsar UG 6.41+048 | 59.22+443 | 56.35+4.22 | 50.79+3.80 | 43.12+3.22 | 3451+258 | 2456+1.84
22 SW | 3.71+0.33 | 34.31+3.03 | 3265+289 | 29.43+2.60 | 2498+2.20 |19.99+1.77 | 14.23+1.26

134




Annual Effective Dose due to Inhalation

Annual effective dose due to ingestion

Iﬁ(.) Place Types ETE=G (uSvy) (USvy™h)
(BgL™?) Infants Children Adults Infants Children Adults

23 SW | 262+0.25 | 2421+235 | 23.04+224 | 20.76+£2.02 | 1763+1.71 |1411+137| 10.04+0.98
24 UG | 6.01+0.27 | 5550+251 | 52.81+239 | 4760+2.15 | 4041+182 |32.34+146| 23.02+1.04
25 UG | 439+0.28 | 40.61+2.60 | 38.64+247 | 34.82+223 | 2956+ 1.89 |23.66+1.52| 16.84+1.08
26 | smadh Bhai SW | 272+0.20 | 25.13+1.83 | 2392+1.74 | 2155+157 | 18.30+1.33 |14.64+1.07| 10.43+0.76
27 SW | 1.09+0.09 | 10.06 £+ 0.86 9.58 £ 0.82 8.63+£0.74 7.33+£0.63 | 5.86+0.50 | 4.17+0.36
28 UG | 406+0.16 | 37.47+1.45 | 35.65+138 | 32.13+1.24 | 27.28+1.05 | 21.83+0.84 | 15.54+0.60
29 UG | 380+0.31 | 35.10+2.88 | 33.39+2.74 | 30.10+2.47 | 2555+2.09 |20.45+1.68 | 14.56+1.19
30 Chrik SW 276 £0.22 | 25.47 +£2.00 24.24 +1.91 21.85+1.72 | 1855+1.46 | 14.84+1.17 | 10.57 £0.83
31 SW | 201+0.21 | 1861+1.97 | 17.70+£1.88 | 1596+1.69 | 1355+1.43 |10.84+1.15| 7.72+0.82
32 UG 32+023 | 29.81+2.13 | 28.37+2.02 | 2557+1.82 | 21.71+1.55 |17.37+1.24| 12.37+0.88
33 UG | 579+0.19 | 5352+1.75 | 50.92+166 | 45.90+150 | 38.97+1.27 |31.18+1.02| 22.20+0.72
34 | Nihal SW | 330+0.23 | 3049+215 | 29.01+2.04 | 26.15+1.84 | 2220+1.56 | 17.77+1.25 | 12.65 + 0.89
35 | Singhwala SW 1.98+0.14 | 18.27+1.30 17.38 £1.23 1567+1.11 | 13.30+0.94 | 10.64 £0.75 7.58 £ 0.54
36 UG | 5.09+0.23 | 47.04+2.10 | 4476+2.00 | 40.34+1.80 | 3425+152 |27.41+1.22 | 19.51+0.87
37 UG | 491+0.17 | 4539+153 | 4319+146 | 38.92+131 | 33.04+1.11 | 26.44+0.89 | 18.82+0.64
38 SW 24+012 | 22.88+1.07 | 21.77+£1.02 | 19.62+0.92 | 16.66+0.78 | 13.33+0.62 | 9.49+0.44
39 | Himatpura SW | 1.39+0.10 | 12.83+£0.97 | 1221+0.92 | 11.00£0.83 | 9.34+0.70 | 7.48+0.56 5.32£0.40
40 UG | 481+0.13 | 4445+124 | 4230+1.18 | 38.12+1.07 | 32.36+0.90 | 2590+0.72 | 18.44+0.52
41 UG | 464+0.18 | 4290+1.68 | 40.82+159 | 36.79+1.44 | 31.23+1.22 |2500+£0.98| 17.79+0.70
42 | Dharamkot SW | 298+0.29 | 27.52+2.64 | 26.19+251 | 23.60+2.27 | 20.04+1.92 |16.03+154 | 11.41+1.10
43 SW | 1.70+0.12 | 1571+1.10 | 1495+1.05 | 13.47+0.94 | 11.44+0.80 | 9.15+0.64 6.52 £ 0.46
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Annual Effective Dose due to Inhalation

Annual effective dose due to ingestion

Iﬁ(.) Place Types ETE=G (uSvy) (USvy™h)
(BgL™?) Infants Children Adults Infants Children Adults

44 UG | 408+0.11 | 37.74+1.04 | 3591+0.99 | 32.36+0.89 | 27.48+0.75 | 21.99+0.60 | 15.65+0.43
45 UG 3.72+£0.20 | 3442+182 | 3275+1.73 | 2952+156 | 25.06 +£1.32 | 20.05+1.06 | 14.28+0.75
46 | Chotian SW | 216+0.10 | 19.94+0.95 | 18.98+0.90 | 17.10+0.81 | 1452+0.69 | 11.62+0.55| 8.27+0.39
47 | Kalan SW | 141+0.13 | 13.01+1.17 | 1238+1.12 | 11.16+1.01 | 9.48+0.85 | 7.58 +0.68 5.40 £ 0.49
48 UG 3.71+£0.12 | 3431+£1.08 | 3265+1.03 | 29.43+0.93 | 2498+0.78 | 19.99+0.63 | 14.23+0.45
49 UG 3.07+£0.15 | 28.38+1.35 | 27.01+1.28 | 2434+1.15 | 20.67+0.98 | 16.54+0.78 | 11.77 £0.56
50 Badhni SW | 159+0.18 | 14.71+169 | 1400+1.60 | 12.62+1.45 | 10.71+1.23 | 857+0.98 6.10 £ 0.70
51 SW | 098+0.14 | 9.07+1.28 8.63+1.22 7.78 +1.10 6.60+0.93 | 528+0.75 3.76 £ 0.53
52 UG 3.16+0.11 | 29.24+0.99 | 27.82+0.94 | 25.07+0.85 | 21.29+0.72 | 17.03+£0.58 | 12.13+0.41
53 UG 360+£0.29 | 33.24+£270 | 31.62+257 | 2850+232 | 2420+£1.97 |19.36+1.58| 13.79+1.12
54 Buttar SW | 269+0.14 | 2482+1.34 | 23.61+1.27 | 21.28+1.15 | 18.07+0.97 | 1446+0.78 | 10.29 £0.55
55 SW 1.11+£0.09 | 10.24+0.81 9.74 £ 0.77 8.78 £ 0.70 7.45 +0.59 5.97 £ 0.47 4.25+0.34
56 UG 329+0.12 | 3044+1.15 | 2896+1.10 | 26.10+0.99 | 22.16 £0.84 | 17.74+0.67 | 12.63+0.48
57 UG 546+0.19 | 5050+1.78 | 48.05+1.69 | 43.30+153 | 36.76 £1.29 | 29.42+1.04 | 20.94+0.74
58 Moga SW | 289+0.23 | 26.72+2.09 | 2542+199 | 2291+£1.79 | 19.45+152 |1557+1.22 | 11.08 +0.87
59 SW | 0.82+0.08 | 7.57+0.72 7.20 £0.68 6.49 + 0.62 551+052 | 441+0.42 3.14+£0.30
60 UG 585+0.15 | 54.02+1.35 | 51.40+1.28 | 46.33+1.15 | 39.33+£0.98 | 31.48+0.78 | 22.41+0.56
61 UG 3.71+£0.48 | 3429+4.40 | 3263+4.19 | 29.41+3.77 | 2497 +£3.20 | 19.98+2.56 | 14.22+1.82
62 Badoowal SW | 212+0.14 | 19.6+1.26 18.65+1.2 16.81+1.08 | 14.27+0.92 | 11.42+0.74| 8.13+0.52
63 SW 1.2+0.10 | 11.36+0.96 | 10.81+0.91 9.74 £ 0.82 8.27+£0.69 | 6.62+0.56 471+04
64 UG | 402+0.16 | 37.18+1.49 | 3538+1.42 | 31.89+1.28 | 27.07+1.08 | 21.66 +0.87 | 15.42 +0.62
65 Mehna UG 3.04+£0.07 | 28.11+0.62 | 26.74+0.59 24.1+053 | 20.46+0.45 | 16.38+0.36 | 11.66 +0.26
66 SW | 2.18+0.07 | 20.17+0.65 | 19.19+0.62 17.3+056 | 1468+0.47 | 11.75+0.38| 8.37+0.27

136




Annual Effective Dose due to Inhalation

Annual effective dose due to ingestion

Iﬁ(.) Place Types ETE=G (uSvy) (USvy™h)
(BgL™?) Infants Children Adults Infants Children Adults

67 SW | 1.12+0.09 | 10.35+0.86 9.85+0.82 8.88 £ 0.74 7.54 +0.63 6.03+ 0.5 4.29 +0.36
68 UG 299+£0.10 | 27.62+0.89 | 26.28+0.85 | 23.69+0.77 | 20.11+£0.65 | 16.09+0.52 | 11.46 £0.37
69 UG 501+£0.36 | 46.27+3.34 | 44.03+3.18 | 39.68+2.87 | 33.69+2.43 | 2696+1.95| 19.19+1.39
70 Ajitwal SW | 272+0.14 | 2513+1.27 | 2392+1.21 | 2155+1.09 | 183+0.93 |14.64+0.74| 10.43+0.53
71 SW | 1.30+0.08 12+0.76 1142+£0.72 | 10.29+0.65 | 8.73+0.55 | 6.99+0.44 4,98 £0.32
72 UG 261+£013 | 241+1.24 2293+1.18 | 2066+1.07 | 1754+09 |14.04+0.72| 9.99+0.52
73 UG 341+£0.30 | 31.49+278 | 29.96 + 2.64 27 +2.38 2293+202 |18.35+1.62| 13.06+1.15
74 Dina SW | 260+0.19 | 2398+1.75 | 22.82+1.66 2057+15 | 1746+1.27 |1397+1.02| 9.95+0.72
75 SW | 1.07+£0.06 9.89+0.6 9.41£0.57 8.48 £0.51 7.2+0.43 5.76 £ 0.35 41+0.25
76 UG 366+0.15 | 33.78+1.41 | 3214+1.34 | 2897+1.21 | 2459+1.02 | 19.68+0.82 | 14.01+0.58
77 UG 40+0.37 | 37.17 +3.46 35.37+3.3 31.88+297 | 27.06 £2.52 | 21.66+2.02| 15.42+1.44
78 Kokri kokri SW | 244+0.20 | 2252+1.88 | 21.43+1.79 | 1932+161 | 16.4+137 | 13.12+1.1 9.34+0.78
79 SW | 155+0.12 | 14.29+1.09 13.6 +1.04 1225+093 | 104+£0.79 | 8.33+0.63 5.93+0.45
80 UG | 408+0.11 | 37.74+1.03 | 3591+0.98 | 32.36+0.88 | 27.48+0.75 | 21.99+0.6 | 15.65+0.43
81 UG 6.03+0.23 | 55.7+2.11 53+2.01 4776 +1.81 | 4055+153 |3245+1.23| 23.1+0.87
82 Rajiana SW | 277+0.29 | 25.61+2.68 | 24.37+ 255 21.96+23 | 18.64+195 |1492+156| 10.62+1.11
83 SW 1.66+0.20 | 15.31+1.83 1456 +1.74 13.13+157 | 11.14+1.33 | 8.92+1.07 6.35+0.76
84 UG 27+022 | 25.31+2.05 | 24.08+1.95 21.7+1.75 | 1843+1.49 |1475+1.19| 105+0.85
85 UG | 462+0.35 | 42.7+3.27 40.63 +3.11 36.62+2.8 | 31.09+238 | 2488+19 | 17.71+1.36
86 Karyal SW 22+0.14 20.88+1.3 19.87+1.23 | 1791+1.11 | 152+0.94 |1217+£0.75| 8.66+0.54
87 SW | 129+0.11 | 11.92+1.01 | 11.35+0.96 | 10.23+0.86 | 8.68+0.73 | 6.95+0.59 4.95+0.42
88 UG | 477+0.23 | 44.04+2.17 41.9 + 2.06 37.77+1.86 | 32.06+1.58 |2566+1.26| 18.27+0.9
89 UG | 482+0.26 | 4453+238 | 42.37+227 | 38.19+2.05 | 3242+1.73 | 25.95+1.39| 18.47+0.99
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_ Annual Effective Dose due to Inhalation Annual effective dose due to ingestion
S. Cigto Syy-L Svy)
e Place Types (u-vy ) (u. y
(BgL™?) Infants Children Adults Infants Children Adults
90 . SW 25+0.23 23.43+2.16 22.29 + 2.05 20.09+1.85 | 17.06 +1.57 | 13.65+1.26 9.72+0.9
01 gﬁg:ﬂg SW | 120+0.11 | 11.08+098 | 1054+093 | 95+084 | 807+0.71 | 6.46+057 | 46+041
92 uG 46+0.21 4261+19 40.54 +1.81 36.54+1.63 | 31.02+1.38 | 2483+1.11| 17.67+£0.79
93 uG 441 +£0.28 | 40.76 £ 2.56 38.78 £ 2.44 3495+2.2 29.68+1.86 |23.75+1.49| 16.91+1.06
94 Gill SW 2.39+£0.12 | 22.08 +£1.15 21.01+£1.1 1894 +£0.99 | 16.08+0.84 | 12.87 £0.67 9.16 £ 0.48
95 SW 1.40+0.10 | 12.89+0.94 12.27 +0.89 11.06 £ 0.8 9.39 + 0.68 7.51 £ 0.55 5.35+0.39
96 UG 410+0.18 | 3785+ 1.71 36.02 £ 1.62 3246 +1.46 | 27.56 +1.24 | 22.05+0.99 15.7+0.71
97 uG 403+0.18 | 37.25+1.69 3545+1.6 3195+1.45 | 27.12+1.23 | 21.71 £0.98 15.45+ 0.7
98 Ludhai Ke SW 262+0.13 | 24.17+1.21 23+1.15 20.73£1.04 176 £0.88 | 14.08 +0.71 10.02+0.5
99 SW 158+0.12 | 1463+1.14 13.92 £ 1.09 1254 +£0.98 | 10.65+0.83 | 8.52+0.66 6.07 £ 0.47
100 uG 428+0.16 | 39.54+1.51 37.62+1.44 3391+1.3 28.79+1.1 |23.04+0.88 16.4 + 0.63
Minimum 0.82 +0.06 7.57 £0.60 7.20 £ 0.57 6.49 £ 0.51 551+0.43 441 +0.35 3.14+0.25
Maximum 8.41+051 | 77.67 +4.70 73.90 + 4.47 66.60 +4.03 | 56.55+3.41 | 4525+2.74 | 32.21+1.95
Average 3.26 +0.20 | 30.11+1.87 28.65+1.78 2582+1.60 | 21.93+1.36 |17.55+1.09 | 12.49+0.77
Standard Deviation 1.61 14.91 14.19 12.79 10.86 8.69 6.19
Kurtosis 0.65+0.88 | 0.65+0.88 0.65 +0.88 0.65 +0.88 0.65 +0.88 0.65+0.88 0.65+0.88
Skewness 0.75+1.14 0.75+1.14 0.75+1.14 0.75+1.14 0.75+1.14 0.75+1.14 0.75+1.14
Mode 3.71+0.15 | 34.31+1.35 32.65+1.46 29.43+1.15 | 2498+0.98 [19.99+0.78 | 14.23+0.56
1%t Quartile 1.98+0.12 | 18.27+1.14 17.38 £ 1.09 1567 +£0.98 | 13.30+0.83 | 10.64 £ 0.66 7.58 £0.47
2" Quartile 299+0.18 | 27.62 +1.68 26.28 + 1.59 23.69+1.44 | 2011 +1.22 {16.09+098 | 11.46+0.70
3 Quartile 428+0.26 | 39.54 +2.36 37.62 £ 2.25 33.91+£203 | 28.79+1.72 | 23.04+1.38 | 16.40+0.98
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Table 5.3: Radon concentration in water samples of different sources of water in studied area

Radon concentration in water (BqL?)
Sources of water Barnala District Moga District

Range + ¢ Average = ¢ Range + ¢ Average + ¢
Surface water 0.17 £ 0.01 t0 9.84 £ 0.56 2.23+0.56 0.82 +0.06 to 8.41 £ 0.49 2.17+£0.17
Underground water 1.40 £ 0.01 t0 9.54 £ 0.59 4.35+0.29 2.61 +0.07t08.39 £ 0.51 428 £0.24
Handpump 1.40to 7.66 3.47 3.16 t0 5.09 4.16
Submersible 1.57 to 5.56 4.22 2.611t06.41 4.26
Borewell 3.30t09.27 6 2.68108.39 4.33
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Table 5.4: Worldwide comparison of radon concentration in water samples

Radon in water (BgL"
S. D)
Area Reference
No. Mean
Range
Value
1. |lIran 0.064 - 49.1 16.2 Banish et al., 2011
2. | Cyprus 0.3-20 5.9 Nikolopoulos et al., 2008
3. | Greece 0.8-24 54 Nikolopoulos et al., 2008
4. | Brazil 0.95- 36 36 Marques et al., 2004
5. | Turkey 1.46-53.64 - Tarim et al., 2012
6. | South Korea 0-300 - Choetal., 2014
7. | China 0.71- 3735 - Zhuo et al., 2001
8. | Sweden 5-3470 - Salih et al. 2004
9. | Saudi Arabia 0.04-67.44 - Alabudula’aly et al. 2014
Barnala district
10. ) 0.17 -9.84 3.01
Punjab Present study
11. | Moga district Punjab 0.82-8.41 3.26
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