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a b s t r a c t

Radon is a naturally occurring carcinogenic agent, poses a serious health hazard when inhaled or
ingested in significant amounts. The water of the Padma river will be used as a tertiary coolant for the
soon-to-be-commissioned ‘Rooppur Nuclear Power Plant’. Hence, it is important to assess the radio-
logical status of the river prior to the commission of this power plant. Therefore, for the first time, 25
samples of water were collected from various locations of the Padma River and analyzed for radon
concentration using the RAD H2O (DURRIDGE) radon monitoring device. The radon concentrations were
found in the range from 0.077 ± 0.036 to 0.494 ± 0.211 Bq/L with a mean of 0.250 ± 0.093 Bq/L. All the
concentrations were found to be below the recommended limits of WHO (100 Bq/L) and USEPA (11.1 Bq/
L). The mean annual effective dose due to the radon exposure via inhalation and ingestion pathways
were 0.638 mSv/y and 0.629 mSv/y, respectively, which were all well below the annual effective dose
recommended by WHO (0.1 mSv/y). Since Bangladesh lacks a national safety limit of radon in water, this
pioneering study provides baseline data on radon levels for the environment around Rooppur Nuclear
Power Plant.
© 2023 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Radon (222Rn), a progeny of uranium (238U) decay series with a
half-life of 3.82 days, is a colorless and odorless noble gas found in
higher amounts in rocks such as granites, metamorphic rocks,
sedimentary rocks containing phosphate, and soils of the earth's
crust [1e3]. According to United Nations Environment Programme
(UNEP), 222Rn alone contributes to more than (50%) of the natural
radiological dosage to the general public [4,5]. Because of its ca-
pacity to generate a variety of biological consequences, radon gas is
considered a hazardous agent for human health. Radon may enter
.M. Siraz).

by Elsevier Korea LLC. This is an op
the human body via two processes, inhalation through the respi-
ratory system and ingestion (drinking water) through the gastro-
intestinal tract. Radium behaves chemically like calcium and is
deposited on bone surfaces. Radon being inert gas does not deposit.
Only small proportion of it gets absorbed in the inner lining of
respiratory tract. It is the decay products of radon that deposit on
the surfaces of respiratory tract and give dose, so studies on radon
concentration are essential from the radiological point of view
[6,7]. Being a noble gas with a short half-life, 222Rn does not react
with the environment and do not accumulate for long. The health
risk from radon inhalation is caused by its short-lived progenies
218Po, 214Pb, 214Bi, and 214Po, rather than the radon gas itself. Once
inhaled, decay products of radon being particulates will deposit in
the respiratory tract and irradiate the lung tissues, contributing
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Fig. 1. Location map showing the study area and the radon measuring points.
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significantly to the internal radiation dose [8,9]. Meanwhile, some
progeny are moved to bodily fluids and carried to organs other than
the respiratory organs, causing harm to those organs via radiation
exposure. High amounts of radon in drinking water can cause
cancer in the stomach, digestive system, and respiratory system
[10]. The International Agency for Research on Cancer (IARC), a
branch of the World Health Organization (WHO), has classified
radon as a group 1 carcinogen [4,5], and theWHO has named radon
as the second leading cause of lung cancer after tobacco smoke, as
well as a severe risk to non-smokers [11,12]. Recent epidemiological
studies in the United States estimate that radon exposure kills
roughly 20,000 people yearly [13].

The occurrences of natural radionuclides are influenced by
various parameters, including lithology and the presence or
absence of faults and fractures [14e16]; hence the concentration of
natural radionuclides varies significantly over the earth's surface.
Radon may be present in the soil, air, and water in the lakes, rivers,
springs, groundwater, and even precipitation [11,17]. The unique
properties of naturally occurring radioactive radon gas have led to
its use as a geophysical tracer for identifying the geological struc-
ture and hidden faults, measuring and monitoring groundwater
movement into the lake and sea water along the shore, in earth-
quake prediction and uranium deposit exploration, and as a tracer
in the study of atmospheric transfer processes [18e22]. However, in
the absence of aeration, 222Rn may quickly diffuse from solid ob-
jects into the water when various natural water resources come
into contact with soil and rocks [23e25]. It is highly volatile and
easily dissolved and released from water.

Water from the Padma River will be used as the tertiary coolant
for the Rooppur Nuclear Power Plant during its operation, which is
scheduled to commission in 2023. In addition, the Padma River
water is used by thousands of people residing on the river banks for
drinking, washing, cooking, bathing, etc. The world's two largest
drinking water sources are surface water and groundwater [14].
Chemical, microbiological, and radioactive pollution should be
avoided in drinking water [26,27]. Due to the enormous volume of
radioactivity-bearing excavation debris that remains after minerals
are extracted from their ores in mining sites, 222Rn is one of the
principal pollutants in surface and groundwater resources in min-
ing locations [28e30]. When these fluids are used in showering,
washing clothes, cleaning dishes, humidifiers, flushing toilets,
cooking, etc, the radon in the water becomes accessible for
breathing via degassing [31,32]. According to the USEPA, radon in
drinking water causes approximately 168 cancer deaths per year,
with 89% of these deaths due to lung cancer caused by breathing
radon released into the indoor air from water and 11% due to
stomach cancer caused by consuming radon-contaminated water
[4,33].

The primary goals of this study are a) to measure the radon in
the Padma river water for the first time and evaluate the associated
radiological hazards, and b) to provide factual baseline data for safe
guideline limits for radon in water at the national level. It is ex-
pected that the obtained data of radon in the Padma river water
may help to assess the scenario of radon in water in both regular
operations and any accidental case of the Rooppur Nuclear Power
Plant.

2. Study area

The current study concentrates on the Padma River, one of the
major rivers in Bangladesh. The Ganges River originates from
Himalaya flows through India, and enters Bangladesh as the Padma
River, which then meets with Jamuna and Meghna River in its
course to the final destination the Bay of Bengal, and carries
enormous terrestrial sediments. The annual sediment load is about
3047
16 million metric tons. The average annual discharge of the river is
about 35,000 m3s-1 and the width varies from 4 to 8 km. The
average current velocity fluctuates from 4 to 5 ms�1 and depth
varies from 20 to 21m [34]. Themean annual rainfall received by its
catchment is about 12,00 mm, of which about 70% happens during
the monsoon period. The temperature range varies from 8 �C
(winter) to 39�C (summer), with an annual average temperature
from 23.5 �C to 25 �C. The annual average evaporation varies from
18 to 140.2 mm, and the humidity fluctuates from 62.3 to 87.8%
[35].

The study area lies between the latitude 23�50' - 24�100N and
longitude 88�45' - 89�250E. It passes through the Kumarkhali,
Kushtia sadar, Mirpur, and Daulatpur Upazilas of Kushtia district,
Pabna sadar, Bheramara, and Ishwardi Upazilas of Pabna district,
Lalpur Upazila of Natore district and Bagha Upazila of Rajshahi
district (Fig. 1). Geologically, the Padma River in the study area
consists of mainly riverine alluvial clay, silt, very fine to coarse sand
and gravels of Holocene age (Fig. 2) [36,37]. Except for some
intermixing, the grain size increases from clay to gravel with depth.
The subsurface strata were more consolidated with depth from
dense sand to very dense sand with gravel at the base from about
60 to 100 m depth, probably due to high energy compaction from
lithification and seismic activity. Moreover, the less dense materials
above the dense layer can occur a liquefaction effect during seismic
phenomena. The basal gravel layermay be related to the past glacial
period [37]. The present geomorphological setting of Padma River is
favourable for transportation and deposition of fine sediments of
alluvium clay, silt and fine sand. The erosion and deposition of the
Padma river bank are influenced by the unstable water flow during
themonsoon and dry season and also by the yearly flood. Due to the



Fig. 2. (a) Geological cross section along the A-A' (Bheramara-Ishwardi) line [41]. (b)
3-D view of subsurface geology along the cross-section line at Bheramara to Ishwardi
[36].
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erosion and depositional phenomenon, numerous bars and islands
(locally called chars) formed in their course [38]. The mineralogical
study of the sediments of Padma River includes quartz, feldspar,
mica, ilmenite, magnetite, garnet, rutile, hornblende, and
corundum [39]. The geochemical study of Padma River sediments
in the Rajshahi district suggests that the sediments were derived
from the source area containing mostly felsic to intermediate
igneous rock, possibly from the Himalayan belt and catchment
areas of the Ganges [40].
3. Sampling strategy

An environmental monitoring program's primary goal is quickly
identifying a radioactive threat to safeguard the population and the
environment [42]. The primary goal of sampling is to ascertain
background levels or the type of contamination at a given location.
The sampling approach must also guarantee that the samples
represent the region under inquiry. Simple random sampling, two-
stage sampling, stratified sampling, systematic grid sampling, sys-
tematic random sampling, cluster sampling, double sampling,
search sampling, and transect sampling are several sampling
methodologies [38e40]. Depending on the kind and location of
pollutants, a representative sample strategy may incorporate two
or more of these sampling methodologies.

We adopted a stratified systematic sampling strategy in our
research, which divides the population into groups (strata). Strat-
ified sampling is more complicated than random sampling and
needs more previous knowledge. The benefit of stratified sampling
is that it divides the population into smaller groups, each of which
is predicted to be more homogeneous than the total population.
According to prior information or analytical data, the individual
strata are chosen based on features that set them apart from other
3048
strata and are known to have an impact on themeasured parameter
of interest (such as sampling depth, soil horizon, contaminant
concentration, and source. Because the Hardinge Bridge is so close
to the RNPP, we have considered its location and obtained different
samples near it (Fig. 1). Another two sub-divisions ran along with
Rajshahi and Kustia, which are upstream and downstream side of
the Padma river, respectively, and in these areas, we have per-
formed systematic sampling by regularly obtaining samples on
both sides of the river during the study period.

4. Measurement technique

Several techniques such as Gamma Spectroscopy (GS), Lucas Cell
(LC), and Liquid Scintillation (LS) can be used for measuring radon
in water. Gamma spectroscopy detects gamma rays emitted from
radon decay products in a sealed container of radon-bearing water.
The LC technique is labor-intensive, requiring a sophisticated
glassware system and a vacuum pump to empty a Lucas (scintilla-
tion) cell, followed by the bubble of gas through the water sample
until the cell fills. The Liquid Scintillation technique was developed
in the 1970s. In a 25 mL glass vial, a liquid scintillation cocktail is
introduced to the sample. The cocktail sucks the radon out of the
water, causing the alpha particles to scintillate as it decays. How-
ever, it is difficult to transport the scintillation cocktail (organic
solvent) used in the LS method, which limits its applications in
various areas. Compared to the LS, the RAD H2O provides tech-
nology as precise as the LS, and RAD7 is more portable, less labor-
intensive, and less costly. It also gets rid of the necessity for harmful
chemicals [43].

The RAD H2O is an attachment for the RAD7 that allows
measuring radon in water at concentrations above the minimum
detectable activity (MDA). The MDA concentration of this instru-
ment is 0.004 BqL�1 [24,43]. The RAD7 with printer, the water vial
with aerator cap, and the desiccant tube attached to the aerator cap
and held by a clamp on the retort stand make up the setup. The
term “background” in a radon detector describes erroneous counts
that take place even when there is no radon present. Background
can be caused by an instrument's characteristics or its parts, or
presence of other types of radiation in the area around the in-
strument, or their interference with the instrument. The radon that
was measured will remain in the RAD7's internal sample cell after
making a water or air measurement. This radon will incorrectly
affect the subsequent measurement if it is still present when begin
a new measurement. This is especially concerning when the pre-
vious measurement's radon concentration was high in comparison
to the subsequent measurement. In such a situation it is a must to
fully remove the radon from the RAD7 and its air-conducting ac-
cessories, such as the aerator head, tubes, and desiccant, in order to
get ready for the subsequent water measurement. This procedure is
known as “purging the system.” For this reason, the RAD7 detector
must be put into purge mode for at least 10 min to eliminate
excessive humidity and radon from the system. The intrinsic
background of the RAD7 is less than 1 count per hour, which cor-
responds to a concentration of less than 2 pCi/L in a 40 mL water
sample (even lower for the 250 mL sample). So the background of
RAD7 is low enough and negligible, especially, after the device has
been purged from radon for 10 min. The desiccant (CaSO4, Drierite,
WA Hammond, USA) must be used to dry the air stream before it
reaches the RAD7 in the RAD H2O. The RAD7 may report inaccurate
radon concentrations or become damaged owing to condensation
on sensitive internal components if the desiccant is not used
correctly. The relative humidity has a significant influence on the
measurement. The relative humidity within the RAD7 will remain
below 10% for the measurement duration if it is thoroughly dried
off before use [44]. If not, the humidity will grow while the RAD7 is



Fig. 3. The schematic diagram of RAD H2O.
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in counting mode, and the pump is turned off and may climb by
more than 10% before the measurement period ends. Very low
relative humidity (6e8%) was recorded during the current inves-
tigation measurement.

A solid-state alpha detector is used in the DURRIDGE RAD7 [45].
Using a semiconductor material, a solid-state detector converts
alpha radiation directly into an electrical signal. A solid-state, Ion-
implanted, Planar, Silicon alpha detector is at the hemisphere's
core. Concerning the detector, the high voltage power circuit
charges the inner conductor to a potential of 2000e2500 V,
generating an electric field across the cell volume. Care and expe-
rience are required to obtain a quality sample. When assessing the
radon content of water, sampling technique-or lack thereof-is
typically the main source of mistake. The water sampled needs to
be both a) an accurate representation of the water being tested, and
b) such that it has never been in contact with air. The water sample
in the current experiment was taken with extreme care so that it
didn't come into contact with the outside air. On the RAD7, two
protocols (Wat-40 andWat-250) are available for radon assessment
of water samples, depending on the vial size (40 or 250 mL). Before
radonmeasurement, it is critical to choose the proper methodology
since it regulates the pumping and counting cycle and the calcu-
lation based on the sample vial size. Since larger sample size or bulk
sampling offers more counts per minute above the background,
therefore to increase the sensitivity and accuracy at low radon
concentrations, the RAD7 radon detector was operated according to
the Wat 250 procedure.

The RAD H2O approach uses a closed-loop aeration strategy in
which the air and water volumes are constant and independent of
flow rate. The radon is constantly extracted as the air cycles through
thewater until a state of equilibrium is reached. After around 5min,
the RAD H2O system has reached equilibrium, and no additional
radon can be extracted from the water. The extraction efficiency, or
the proportion of radon extracted from thewater to the air loop as a
percentage of the equilibrium value, is generally 99% for a 40 mL
sample and 94% for a 250 mL sample. By multiplying the air loop
concentration by a predetermined conversion coefficient that de-
pends on the sample size, the RAD7 estimates the sample water
concentration. The volume of the air loop, the volume of the
sample, and the equilibrium radon partition coefficient at room
temperature were used to calculate this conversion coefficient. In a
nutshell, this device works on the following principles: (1) radon is
expelled from a water sample using a bubbling kit, (2) expelled
radon enters a hemisphere chamber via air circulation, (3) polo-
nium decayed from radon is collected onto a silicon solid-state
detector via an electric field, and (4) radon concentration is esti-
mated from the polonium count rate [7,46]. The schematic diagram
of RAD H2O is shown in Fig. 3.

The results of the sample were adjusted from the time of the
sample when it was collected to the time when it was counted.
Although analytical accuracy will decrease as the sample gets
weaker and weaker, decay correction can be employed for samples
counted up to 10 days after sampling. Decay correction is the
exponential function with a time constant of 222Rn, which is
132.4 h, and the formula for decay correction factor (DCF) [43] is

DCF¼ eT=132:4 (1)
5. Dosimetry calculation

Internal radon exposure comes primarily from inhalation and
ingestion, which is harmful to the respiratory organs. When water
is collected and used, radon is inhaled, and radon is ingested when
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radon-contaminated water is consumed. Therefore, by using
Equations (1) and (2), the annual effective dose due to radon
inhalation and ingestion is calculated from the experimentally
measured values of the radon concentration for adult population
[6e9].

Wig ðmSv = yÞ¼ CRnW �CW � EDC � 10�3 (2)

Win ðmSv = yÞ¼CRnW �RAW � F �O�DCF � 10�3 (3)

Where, Wig andWin represents effective doses due to ingestion and
inhalation (mSv/y), respectively, CRnW ¼ measured radon concen-
tration (Bq/L), Cw ¼ daily water consumption for adult people (2 L/
day) [6], EDC (Effective Dose Coefficient for adult people) ¼ 3.5nSv/
Bq for radon ingestion [47], 10�3 is used for the conversion of nano-
to-micro unit, RAW ¼ ratio of radon in the air to water (10�4) [47], F
(equilibrium factor between radon and its progeny) ¼ 0.4 [47], O
(mean indoor occupancy factor) ¼ 7000 h/y [47], DCF (dose con-
version factor) ¼ 9 nSv/h per Bq/m3 [47], here T is the duration
between sample collection and sample measurement.

6. Results and discussion

Table 1 represents geographical coordinates, 222Rn concentra-
tion (Bq/L), the annual effective dose due to ingestion and inhala-
tion of radon of the twenty-five surface water samples collected
from the Padma river. Sample no. RNPP-01 to RNPP-07, RAJ-08 to
RAJ-16, and KUS-17 to KUS-25 were collected near the Hardinge
Bridge& Lalon Shah bridge (close to RNPP), alongwith Rajshahi and
Kushtia respectively. The radon concentration in river water sam-
ples ranged from 0.077 ± 0.036 to 0.494 ± 0.211 Bq/L with an
average of 0.250 ± 0.093 Bq/L. The maximum concentration of
radon (0.494 ± 0.211 Bq/L) was found in RNPP-02, and the mini-
mum concentration of radon (0.077± 0.036 Bq/L) was found in RAJ-
10. These values are lower than the maximum concentration level
of 11 Bq/L as recommended by USEPA,100 Bq/L byWHO [1,4,33,45].
Some natural and anthropogenic activities, such as radium con-
centration in aquifer rock, temperature, pressure, geological
structure, inputs from streams, degree of water turbulence, bottom
sediments, and human activities such as mining, milling, air
effluent, industrial solid and liquid wastes, fertilizer leaching,
mineral mining, etc., influence radon concentration in groundwater
and surface water [30,31,47e50]. Because Rn-222 in surface water
samples can quickly escape to the atmosphere due to aeration and
movement in the water, as well as the lack of significant interaction



Table 1
Radon concentration in and the annual effective dose (Ingestion and inhalation) in surface river water samples from the studied area.

Sample
ID

Latitude (N) Longitude
(E)

Mean Radon Concentration
(Bq/L)

Annual Effective Dose of Ingestion
(mSv/y)

Annual Effective Dose of Inhalation
(mSv/y)

Total Annual Effective Dose
(mSv/y)

RNPP01 24� 40 3.500 N 89� 20 4.300 E 0.359 ± 0.153 0.917 0.904 1.821
RNPP02 24� 30 59.100

N
89� 10 47.500

E
0.494 ± 0.211 1.262 1.244 2.506

RNPP03 24� 030 90.900 89� 010

39.000 E
0.448 ± 0.212 1.144 1.128 2.272

RNPP04 24� 30 51.900

N
89� 10 22.800

E
0.300 ± 0.071 0.767 0.757 1.524

RNPP05 24� 030

07.300N
89� 010

33.000 E
0.322 ± 0.124 0.822 0.811 1.632

RNPP06 24� 50 35.700

N
89� 10 19.300

E
0.204 ± 0.000 0.522 0.515 1.037

RNPP07 24� 50 45.900

N
89� 00 25.900

E
0.209 ± 0.098 0.394 0.389 0.783

RAJ08 24� 070 4900

N
88� 560

71.400 E
0.408 ± 0.165 1.042 1.027 2.069

RAJ09 24� 50 33.200

N
88� 540

24.300 E
0.188 ± 0.030 0.481 0.474 0.955

RAJ10 24� 50 31.900

N
88� 480

46.600 E
0.077 ± 0.036 0.196 0.194 0.390

RAJ11 24� 80 33.6800

N
88� 450

32.200 E
0.159 ± 0.150 0.406 0.401 0.807

RAJ12 24� 90 46.200

N
88� 480 3.300

E
0.179 ± 0.036 0.458 0.452 0.910

RAJ13 24� 100 39.300

N
88� 460

20.800 E
0.206 ± 0.072 0.526 0.519 1.044

RAJ14 24� 60 58.900

N
88� 500

26.100 E
0.106 ± 0.000 0.270 0.266 0.537

RAJ15 24� 70 29.100

N
88� 590 2.900

E
0.103 ± 0.049 0.264 0.261 0.525

RAJ16 24�060 54.400

N
88�530 50.500

E
0.154 ± 0.073 0.268 0.526 0.269

KUS17 24�00048.100

N
89�01043.900

E
0.128 ± 0.036 0.328 0.323 0.651

KUS18 23�58003.500

N
89�03046.800

E
0.256 ± 0.146 0.654 0.645 1.298

KUS19 23�56077.700

N
89�07019.700

E
0.284 ± 0.109 0.727 0.717 1.443

KUS20 23� 550 46.400

N
89� 100

12.100 E
0.233 ± 0.036 0.594 0.586 1.180

KUS21 23�55037.500

N
89�14049.400

E
0.104 ± 0.074 0.266 0.262 0.529

KUS22 23�55010.400

N
89�16041.700

E
0.367 ± 0.148 0.938 0.925 1.862

KUS23 23� 560 36.500

N
89� 170

49.100 E
0.319 ± 0.076 0.815 0.804 1.619

KUS24 23� 560 49.500

N
89� 130

53.700 E
0.319 ± 0.075 0.815 0.804 1.619

KUS25 23�59021.600

N
89�05003.700

E
0.314 ± 0.148 0.803 0.792 1.595

AVERAGE 0.250 ± 0.093 0.638 0.629 1.267
MIN 0.077 ± 0.036 0.196 0.194 0.390
MAX 0.494 ± 0.211 1.262 1.244 2.506
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with radon emitting mineral elements, lower radon concentration
values in surface water are predicted [24,51]. The total annual
effective dose for river water ranged from 0.390 mSv/y to 2.506 mSv/
y with an average of 1.267 mSv/y. The calculated dose values arewell
below the annual effective dose of 100 mSv/y recommended by
WHO [1,4,18,45]. The spatial variation of radon concentration in the
study area is shown in Fig. 4.

A comparative analysis of the activity concentration of 222Rn in
this study with similar literature across the world is given in
Table 2. The radon level was found very high in some river water,
such as in Sharavathi River [32] located in Karnataka, India
(Maximum radon level 9.92 Bq/L), in Balakot and Mansehra Cities
[52], Northern Pakistan (Maximum radon level 11.79 Bq/L) and in
Gold and Bismuth mining area [28], Kwara State, Nigeria
(Maximum radon level 24.71 Bq/L). K.M. Rajashekara [32]
3050
explained that the reason for higher radon concentration in Shar-
avathi river in Karnataka, India, may be attributed to the geology of
the region, which consists of gneisses complex, which forms the
basement full of relicts of high-grade metamorphic rocks, Archean
granitic gneisses which contain higher concentrations of 226Ra and
other radionuclides belonging to the uranium and thorium series.
High radon concentration was found in the earthquake-affected
areas of northern Pakistan [52], and surface water samples were
collected from the fault zone of the Balakot and Mansehra regions.
From the geology of the studied area, it was clear that the area was
rich with metamorphic and sedimentary rocks, which consist of
gneiss, gneissose schist, and granitoid schist; shales and some
limestone also occur occasionally in the pine zone of the study
areas. These rocks contain uranium-bearing minerals, a source of
radon emanation. The Gold and Bismuth mining sites situated in



Fig. 4. Spatial variation of radon concentration in the study area.
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Kwara state, Nigeria are underlain by basement complex rocks
represented by phyllites, gneisses, granodiorites, granites, schists
and pegmatite [28], which was the main reason for the high radon
Table 2
Worldwide comparison of radon (Rn-222) concentration in river surface water samples.

Sl. Region of study Radon Concentration (Bq/l) Methodology

Range Mean

1 Karnataka,
India

Hemavathi
River

0.20e1.60 0.67 RADH2O

Kali River 0.16 to 1.79 0.63 Alpha Guard

Sharavathi
River

1.19 to 9.92 5.11 Alpha Guard

2 Khasa River in Kirkuk
city, NE Iraq

0.035e0.359 0.1575 RADH2O

3 Yesihrmak River,
Amasya city, Turkey

0.28 to 1.08 0.52 Vacuum Water Degassing
System and Radiation Mon

4 Santos
region,
Brazil

Cubatao
river

0.43 to 0.56 0.50 Nuclear track detectors

Jurubatuba
river

e 2.4

Quilombola
river

e 1.48

5 NorthTransylvania,
Romania

0.9e4.5 2.0 LUK-VR (Lucas cell)

6 The western part of
Egypt

0.13e3.90 1.74 nuclear track detectors

7 The north-eastern region
of Poland

Max-9.968 3.39 Liquid scintillation counter

8 Southwest Coastal
Region of Peninsular
Malaysia

1.2e9.63 5.04 RADH2O

9 Balakot and Mansehra
Cities, Northern Pakistan

4.99e11.79 8.31 LUK-WG- 1001 system (Luc
cell)

10 Gold and Bismuth
Mining area, Kwara
State, Nigeria

16.23 ± 3.45
e24.71 ± 4.51

19.14 ± 3.98 RAD-H2O

11 Padma river, Bangladesh
(Current Study)

0.077 ± .036
e0.494 ± .211

0.25 ± 0.093 RAD-H2O

3051
level. Nevertheless, the geological map of the Padma river shows
that there are no volcanic areas or mountains around this river, and
neither any mining site nor the study area was rich with meta-
morphic and sedimentary rocks. Geologically, the Padma River in
the study area consists of mainly riverine alluvial clay, silt, very fine
to coarse sand, and gravels of Holocene age. These were the sig-
nificant reasons for the low radon level in this Padma river water.
Additionally, because of the close geological coherence, the result of
this study is in close agreement with the previous research carried
out in the different river surface waters of the world, such as in
Hemavathi river (average radon level 0.67 Bq/L), Kali river (average
radon level 0.63 Bq/L) located in Karnataka, India [32,53]; Khasa
river (average radon level 0.1575 Bq/L) in Kirkuk City, NE Iraq [54];
Yesihrmak river (average radon level 0.52 Bq/L) in Amasya city,
Turkey [53]; Cubatao river (average radon level 0.5 Bq/L) in Santos
region, Brazil [55].
7. Conclusion

The present study determined, for the first time, the concen-
trations of radon in the Padma River water samples collected from
the nearby region of the Rooppur Nuclear Power Plant, and then
evaluated the associated effective doses via ingestion and inhala-
tion pathways. Radon in all water samples was below the recom-
mended limits of USEPA and WHO, and the associated effective
doses were also below the recommended limit by WHO. Although
the radiological hazard due to radon in the Padma River water is
within safety limits, it cannot be neglected because according to
Linear No Threshold Model (LNT) model, there is no threshold for
cancer occurrence-even for low doses, there is risk of cancer.
Characteristics of the studied area Ref

Granitic gneisses and schists. [56]

Pre-Cambrian gneisses, granites, granite, gneisses, schists, and
charnockite.

[32]

Greywacke, dolomite, quartzite, metavolcanics, laterites, tonalitic
gneisses and local ferruginous cherts

[32]

Khasa River mixed with the sewage that comes from Kirkuk City- the
richest city with crude oil in the world.

[54]

itor
Yesihrmak River water (surface) in the center of the city of Amasya in
Turkey

[53]

The Santos region hosts the largest fertilizer plants in Brazil. [55]

North Transylvania mainly corresponds to a post-tectonic depression
surrounded by the Alpine chain of the Carpathians.

[57]

Desert [58]

Low-Triassic, low-Jurassic, and middle Devonian levels. [59]

Triassic, dominated by sedimentary rocks. [24]

as Metamorphic and sedimentary rocks consist of gneiss, schist and
granitoid schist.

[52]

Basement complex rocks are represented by phyllites, gneisses,
granodiorites, granites, schists and pegmatites

[28]

Riverine alluvial clay, silt, very fine to coarse sand and gravels of the
Holocene age
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Besides this, Bangladesh has no national safety limit for the radon
in water. Therefore, the measured data is useful for future
perspective, especially in the post-commissioning era of the RNPP.

A few recommendations are proposed to mitigate the health
hazards arising from radon.

� The river water should be treated before consumption. The
easiest, economical, and most effective method is to simply
agitate the water from one container to another, removing most
of the radon in the water.

� Storing water in standard lidless containers before consumption
releases radon gas into the air by natural decay.

� Frequent radon monitoring should be carried out after the
Rooppur Nuclear Power Plant starts its operation to ensure
radiological protection of the nearby population.
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[50] S. Şahin Bal, E. Tanrıverdi, S. Yalçın, M. Do�gru, F. €Ozbey, The radon concen-
trations of some waters in Bitlis (Turkey) and their dose estimates, Environ.
Dev. Sustain. 23 (12) (2021) 17650e17667, https://doi.org/10.1007/s10668-
021-01404-1.

[51] G.M. Shilpa, B.N. Anandaram, T.L. Mohankumari, Measurement of 222Rn
concentration in drinking water in the environs of Thirthahalli taluk, Karna-
taka, India, J. Radiat. Res. Appl. Sci. 10 (3) (2017) 262e268, https://doi.org/
10.1016/j.jrras.2017.05.007.
3053
[52] F. Khan, N. Ali, E.U. Khan, N.U. Khattak, K. Khan, Radon monitoring in water
sources of Balakot and Mansehra cities lying on a geological fault line, Radiat.
Protect. Dosim. 138 (2) (2009) 174e179, https://doi.org/10.1093/rpd/ncp214.

[53] F. Oner, H.A. Yalim, A. Akkurt, M. Orbay, The measurements of radon con-
centrations in drinking water and the Yeşilirmak River water in the area of
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