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The current study evaluated the radon content in drinking water from several sources in the Moga district of Punjab,
India, using a scintillation-based detector (groundwater and surface water). The average radon content in water was 3.48 Bq L™,
with a standard deviation of 2 Bq L™, and a range from 0.88 Bq L™ to 8.82 Bq L™ The health risk for newborn
(1-2 years), children (8-12 years), and adults have also been calculated using the ingestion and inhalation doses (above 17
years). The average annual effective dose that resulted was found to be much lower than the WHO-recommended safe level
of 0.1 mSvy-1%. Therefore, it can be stated that the population of the examined area is not significantly at danger for

radiological health due to radon in water.
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1 Introduction

Water is a necessity for all living things to survive.
In nature, radon is found in all water sources,
including lakes, rivers, groundwater, springs, and
even rainfall, in addition to the air, soil, and rock?.
The study region's uranium level and the kind of soil
affect how much radon is released from the soil,
therefore, outdoor radon quantification can help
atmospheric scientists to track air masses. Being a
gas, radon quickly escapes to the atmosphere. In
hydrologic research that examines the interplay
between groundwater and streams, this property of
radon gas is employed. A rivulet's high radon content
is a reliable indicator of the area's groundwater
supplies. Because concentrations are typically higher
above the geological faults, Richon has proposed an
experimental method to map these faults that are
buried near to the surface.’Same way, Semprini and
Kruger has discovered some limited application in
geothermal gradient mining®. For the purpose of
predicting earthquakes, several researchers have
looked into variations in groundwater radon
concentrations but any scientific conclusion that
suggests a strong relation between radon emanation
and earthquakes is yet to be found. The kind of soil,
bedrock, faults present, porosity/permeability,
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physiochemical composition, and geological aquifer
characteristics are all connected to the level of radon
in the water®,

Temperature changes in the atmosphere cause
radon to quickly escape from them into the air
because they are exposed and dissolved, Radon is
often not present in great amounts in surface water.
Despite the fact that groundwater contains substantial
amounts, especially when it passes through granite
rocks’. However, radon serves a dual purpose,
benefiting humans while also posing certain risks to
their health and the environment®*°. According to
Fakhri, radon's alpha-particle and its progenies are
radioactive and could harm DNA and cause cell
concertation in human tissues and organs'2. Even
though the amount of radon in drinking water is less
than what may be inhaled directly, excessive radon
consumption through drinking water can raise certain
people's chance of developing stomach cancer and
gastric cancer-colon cancer in addition to lung
cancer’®'®. With 168 deaths annually from cancer
brought on by radon in drinking water after smoking,
it is the second most frequent cancer-causing factor in
the United States®'"'®. Water is essential for living
and is also crucial for maintaining public health. Fresh
water resources are becoming increasingly precious
due to the rapid rise in world population®®. According
to the National Academy of Science, radon that has
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leaked from contaminated water is responsible for
89% of lung cancer cases and 11% of stomach cancer
cases®?. In people who have never smoked, lung
cancer is currently the seventh most prevalent cause of
cancer-related mortality, and the incidence is increasing.

India has lately published a number of studies
evaluating the quantity of radon in drinking water®**’.
The statistics are still rare, though, given the breadth
of the nation and the wide variety of topographical,
geological, atmospheric, anthropogenic, and other
physical factors. For the district of Moga in the Indian
state of Punjab, several groundwater and surface
water sources were used to calculate the radon
concentrations in the water used for drinking. By
using a greater number of places for sample that are
dispersed around the district, the current study aims to
cover the area thoroughly. This study's approach of
measuring radon levels in drinking water is more
accurate. Additionally, practically all recent research
on radon in water conducted in India strictly followed
the guidelines suggested by the Bhabha Atomic
Research Centre (BARC), Mumbai®, enabling precise
direct comparisons.

2 Study Area

The research area is the Moga district in the Malwa
area of Punjab, India, with latitudes from 75°32°55” E
to 75°10°15.71” E and longitudes from 30°22°24” N
to 30°48°44.19” N, respectively Fig. 1. It is primarily
an alluvial plain, according to Central Government
Water Board®. In some areas of the district, the soils
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vary in texture from sand to sandy loam and from
loam to heavy loam. For crops like wheat, grains,
vegetables, etc., soil is suitable since it is nutrient-
rich. The majority of the district's land is sustained in
a few isolated areas by loamy sand and sandy loam
kaller sand. The Indus basin's Sutlej sub-basin and the
Indo-Gangetic plain both include the district area. The
two main types of soil discovered are siozerem soil and
desert soil. In comparison, desert soils are only present
in a small area close to the district's western border,
while siozorem soils are present in the majority of the
district. Except for the region along the Satluj River, the
alluvial deposits are covered in aeolian sands. Aside
from being utilised for building construction, soil is also
used in agriculture to raise crops.

3 Methodology

3.1 Sample collection

For the current investigation, 50 water samples
from diverse locations in the Moga district were
gathered. The water was sampled from a variety of
drinking water sources, comprising faucets, hand
pumps, tube wells, and other devices that were
utilised to draw water from the surface or the ground.
Each sampling location's GPS coordinates were
found using a GPS device (GPSMAP 78S, Garmin
Inc.). Additionally, the intensity of the surface
contamination caused by the gamma radiation field
was determined by (PM1405 Survey Meter,
Polimaster Inc.). The depth of underground sources
was recorded in the case of groundwater samples.
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Fig. 1 — Map of study area.
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Bhaba Atomic Research Centre’s (BARC)“Radon
Handbook™ recommended the sample collection
technique”®. During sampling and storage, every
precaution was taken to prevent the tested water from
coming into contact with the atmosphere. The 60 ml
glass sampling bottle was held submerged in a
container while samples were delicately transferred
by inserting the sample tube's open end into the tap's
(or other source's) opening and its closed end into the
sampling bottle held as indicated in Fig. 2(a). The
liquid sample was added to the bottle's capacity
roughly 5-7 times before being completely filled,
leaving no room for air, and being tightly sealed while
submerged in water to prevent leaks.

Radon levels in water samples were measured in-
situ to reduce the amount of radon lost due to
radioactive decay. Using the SMART RnDuo a
scintillation-based radon monitors from (AQTEK
Systems, India) and adhering to the measurement
technique outlined in the BARC Radon Handbook,
radon levels in a water sample were measured.
The SMART RnDuo is an autonomous continuous
radon metre based on ZnS:Ag scintillation cells. The
detector has a better sensitivity compared to other
commercial radon monitors thanks to the scintillation
cell-based technology, which also renders it immune
to the effect of humidity on measurement, a crucial
factor in monitoring radon in water.

The measuring setup included a sealed closed loop
connection between a SMART RnDuo monitor and a
water bubbler affixed to a sample bottle. A diffusion
method was used to extract the gas from the water
sample into a scintillation cell (150 cc) for radon
measurement. During diffusive sampling, the gas is
passed through a "progeny filter" and a "thoron
discriminator,”  which  eliminate  radon/thoron
progenies and thoron. based on the continuous PMT
counting of the alpha particles generated inside a cell
volume by radon and its decay products and
accompanying counting electronics, RnDuo's radon
measurements. An algorithm was developed to
analyse the acquired alpha counts and display the
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Fig. 2 — (a) Setup diagram for obtaining water samples from
several sources, (b) Installation for radon measurement in liquid
samples.

radon concentration on a microprocessor device.
Fig. 2(b) displays the schematic representation for the
same system.

Following setup, the monitor's internal pump,
activated for five minutes so that bubbling air through
the water sample would remove any dissolved radon
and transfer it to the detecting volume. After stopping
the pump, a further delay of 5 minutes was added to
ensure that any remaining thoron gas (ty, = 55.65)
totally decayed. Then, radon levels in the air were
continually counted over a 15-minute measurement
cycle. Cair (Bq®) is the average of three subsequent
measurements.

The radon concentration in water (Cy.) (Bg/m®)
was then calculated from the value of C,, using
equation 1 (BARC Radon Handbook).

Cuar = Cair (K + 725) ()
wat

where K represents the radon’s partition coefficient in

water with respect to air (= 0.25),

Var (M%) is (Bubbler + tubings + detector) volume
of air enclosed in the closed loop and V, is liquid in
sampling bottle (m®) volume.

The radon monitor was routinely calibrated at
BARC, Mumbai, using a standard radon source to
assure quality assurance in functioning. Using
standard radon-thoron sources (Model RN-1025 &
TH-1025) purchased from Pylon Electronics Inc.,
Ottawa, Canada, the device was calibrated in a 0.5 m®
calibration chamber at the Bhabha Atomic Research
Centre (BARC) in Mumbai, India®. According to the
BARC's handbook, the equipment has a radon
effectiveness of 95% after 15 minutes of operation.

Radon levels in water will expose people to
radiation doses through ingestion after drinking the
water, as well as through inhaling the radon that is
released from the water into the interior environment.
For newborns, kids, and adults, the radon in water's
annual effective dose was calculated to examine how
dose differs among them. This was done taking into
account the various ages of the population members.

Equation 2 (UNSCEAR), used to get the yearly
effective dose, Ding (USV/y) from ingestion of radon
contaminated water is given below:

Ding = Cyar X1 X Fyyg ... (2)

where | (m*/y) is the subject's annual water intake
and Ca (Bq/m3) is the amount of radon in the water.
The dosage conversion factor for radon exposure is
Fing (USV/BQ). The 150 I, 350 I, and 500 | are yearly
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water intake values. Consequently, with the necessary
unit conversions, the ingestion dosage parameter
estimates of 23 nSv/Bq, 5.9 nSv/Bq, and 3.5 nSv/Bq
were utilised for newborns, children, and adults,
respectively®®. The water intake levels utilised are
just those that are advised for water consumption by
drinking, not through other food sources.

The yearly effective dose due to inhalation of
radon, D, (USV/Y) was evaluated by using equation 3
(UNSCEAR) as:

Dinh = Cwat X Ryjw X EF X T X Fyypy ...(3)

where Rn-222 level in water samples is Cyg
(Bg/m®),The ratio of radon in water to radon in the air
is Ryw (=10%)%, Equation of equilibrium between
radon and its progeny is EF (= 0.4), T is the typical
yearly exposure period for radon produced from water
into the atmosphere(350 h), For the individual to
breathe in radon (a decay product), Fimn
(nSv/(Bg/m®.h)) is the dose conversion factor.
Inhaling radon at doses of 33.0 nSv/(Bg/m*.h) for
newborns, 31.4 nSv/(Bg/m>.h) for children, and 28.3
nSv/(Bg/m>.h) Brudecki® used the phrase for adults
with the necessary unit conversions. The ICRP bio-
kinetic models and suggested parameters for patients
of concern were used to generate these dose
conversion factors using the dosimetric method
recommended by the ICRP, 137. (ICRP, 66)*"*°.

4 Results and discussion

All 50 water samples from the Moga district are
shown in Table 1 with their measured radon
concentrations. The concentration ranges from a low
of 0.88+ 0.09 BgL™ (Moga, surface water) to max
value of 8.82 + 0.51 BqL™ (Gill, underground water)
with a mean value of 3.48 * 0.23 BgL™ These
numbers fall below the 11BqL *safe limitas suggested
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by USEPA®, 100 BgL™ by WHO®" and 4-40 BqL™ by
UNSCEAR?.

The annual effective dosage of radon from drinking
water owing to eating and inhalation for different age
groups is also shown in Table 1. The yearly effective
dose due to ingestion for newborns (0-2 year) lies in
the range of 5.91 + 0.63 to 59.34 + 3.41 pSvy™ with
average value of 23.43 = 1.54 pSvy™, for kids (8-12
year) it lies in the range of 4.73 £ 0.50 to 47.48 £ 2.74
uSvy ™ with an average value of 18.75 + 1.23 uSvy™
and for grownups (above 17 years) it lies in the range
of 3.36 + 0.36 to 33.80 + 1.95 pSvy™ with an average
value of 13.35 + 0.88 pSvy™. The yearly inhalation
dose varies from 8.11 + 0.86 to 81.50 + 4.70 pSvy™
with an average value of 32.19 + 2.12 uSvy™ for
newborns, 7.72 + 0.82 to 77.55 + 4.47 pSvy™ with
average value of 30.63 + 2.01 pSvy™ for kids and
6.96 + 0.74 to 69.89 + 4.03 pSvy™ with average of
27.60 + 1.82 pSvy™ for grownups. The computed
dosage values are well below the recommended
yearly effective dose of 100 pSvy™ by the WHO
(2004, 2008)*%.

A frequency distribution graph for radon
concentrations is shown in Fig. 3. It has been noted
that 30% of the specimens have concentrations
between 0-2 BgL™, 34% have concentrations between
2-4 BgL™, and 36% have concentrations between 4-10
BqL™. From the calculated values, As demonstrated
in Fig. 4, there is only a weak connection (R? = 0.002)
between the radon concentration in groundwater
samples and the depth of the well (24183 metres).
Since the unconfined aquifer is the primary source of
the studied underground water, the increase in
dissolved radon concentration with complexity can be
attributed to the water's higher solubility at higher
hydrostatic pressure and the longer contact time it has
with the earth as it seeps to greater depths. The greater

Table 1 — Radon concentration, doses due to inhalation and ingestion in the studied area.

Swat Yearly Effective Dose due to Inhalation (uSvy™) Yearly effective dose due to ingestion (uSvy™)

Statistics Cuat

(BqL™ Newborns  Children/Kids
Minimum 088 009 811 086 772 0.82
Maximum 882 051 8150 470 7755 4.47
Average 348 023 3219 212 3063 201
Kurtosis 021 032 021 032 021 042
Skewness 085 099 08 099 085 1.03
Mode 235 015 2171 135 2066 2.00
Quartile 1* 169 014 1562 133 1486 127
Quartile 2™ 321 020 2966 1.85 2822 1.76
Quartile 3" 477 029 4407 268 4194 254
Standard deviation 2.00 0.11 1852 1.02 1762 0.97

Grownups Newborns Children/Kids Grownups
6.96 074 591 063 4.73 050 3.36 0.36
69.89 4.03 5934 341 4748 274 3380 1.95
2760 182 2343 154 18.75 1.23 1335 0.88
021 032 021 0.32 0.21 0.32 0.21 0.32
085 099 085 099 0.85 099 085 0.99
18.62 1.15 1581 098 12.65 0.78 9.01 0.56
13.39 1.14 1137 0.97 9.10 0.78 6.48 0.55
2544 159 2160 134 17.28 1.08 1230 0.77
3780 230 3209 195 2568 156 18.28 1.11
15.88 0.88 1348 0.74 10.79 0.60 768 0.42
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Fig. 4 — Correlation between radon concentration in underground
water with depth.

radioactivity in rocks of limited aquifers in the
examined area may also be the cause of the higher
radon content in specimens of groundwater from
depth below 60 m.

The lowest and highest levels of radon in surface
water and groundwater ranged from 0.88 — 3.53 BqL™
and 3.19 — 8.82 BqL™, respectively with a standard
deviation of 0.66 BgL™ and 1.55 BqL™, respectively.
The mean radon concentration (x SE) for surface
and groundwater were found to be 1.88BgL™ and
5.08 BgL™ respectively. Using SPSS, Table 1 also
displays the descriptive statistics, which revealed that
the subterranean water sources contain greater radon
concentrations than surface water sources and the
same has been shown in Fig. 5. This may be because
of the reason that underground water directly
encounters U-238 rich rocks which release radon in
water and cannot escape to atmosphere®*. Also,
because the bedrock contains granite, sand, and
gravel, radon levels in underground water are
typically higher than in surface water®. In contrast,
aeration and agitation in the water allow radon in
surface water samples to quickly escape to the
atmosphere. Topography and geological variables

5.08

0

»

w

N

1.88

Average radon concentration (Bq L")

e

Underground Water
Sources of Water

Fig. 5 — Comparison between different sources of water.

RO Water

affect how much radon is present in surface water and
subsurface water**2. As can be seen in Fig. 5, the
findings indicate that the average radon concentration
in samples of underground water (5.08 BgL™) is
greater than the typical concentration in sources of
surface water, which is 1.88 BqL™.

Radon concentrations in water samples from the
examined location have been compared to values
from throughout the world, and it was discovered that
these values are lower. The average value in the
investigated area is slightly higher than the 2.72 BqL™
in Bathinda district, but less than 3.63 BqL™ i
Faridkot district, 4.7 BgL'in Mansa and Muktsar
district, Punjab, India®. The measured radon
concentration (0.17 to 9.84 BqgL™) in the study area
are lower than that of Cyprus (0.3 to 20 BgL™).
Greece (0.8 to 20 BqL™)*, Brazil (0.95 to 36)*,
Turkey (1.46 to 53.64 BgL™)® South Korea
(300 BgL™)*, Iran (0.064 to 49.1 BgL™)*, Sweden
(5 to 3470 BgL™)*.

5 Conclusions

1 The calculated values of radon concentration have
been observed to be below the recommended
limit of 100 BqL™ by WHO, 11 BgL™ by USEPA,
and 4-40 BqL™ by UNSCEAR.

2 It has been determined that newborns receive a
larger yearly effective dose via ingestion and
inhalation than do children and adults. While
the aggregate dose is significantly below the
100 uSvy™* WHO-recommended safe level.

3 Because radon rapidly escapes from surfaces
whereas underground water holds, samples of
underground water have slightly greater radon
concentration values than surface water samples.

4 Radon levels in underground water have been

found to have a tenuous positive correlation
with depth.
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It may be concluded that because the detected
levels in the studied area are within the advised
safe limits, radon in water may not constitute a
considerable radiological risk to the general
public.
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