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Abstract. The paper presents an overview of the radioecological monitoring programme of aquatic ecosystems in
the vicinity of nuclear power plants and presents the results of its implementation in the 30-km zone of the Rooppur
NPP in the People’s Republic of Bangladesh. The environmental survey has shown that the content of radionuclides in
different components of observed freshwater ecosystems is low and that the radiation situation of the region is safe.
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1. INTRODUCTION

On the basis of an agreement signed in 2011
between Russia and the People's Republic of
Bangladesh, in 2017 the State Atomic Energy
Corporation Rosatom began construction of the
nuclear power plant (NPP) Rooppur with two VVER-
1200 power units. The NPP project is being
implemented as a part of the development of
Bangladesh’s nuclear power program in accordance
with recommendations and under the supervision of
the TAEA [1].

The use of nuclear technologies is associated with
the release of a strictly controlled amount of
radionuclides into the environment and their
subsequent inclusion into biological chains of
migration, which causes exposure of living organisms,
including humans, to radiation, in addition to natural
background radiation. Radionuclides enter the human
body through food and water, as well as through
inhalation, which determines the formation of internal
doses for the population living in the areas adjacent to
nuclear power plants and other nuclear fuel cycle
objects.

Carrying out the radiation and environmental
monitoring before the start of NPP construction of a
makes it possible to assess the state of all ecosystems,
as well as radiation doses to humans and biota at the
background level. This is an important stage since it
creates an information basis for further analysis of the
impact of nuclear power plants on the environment
and humans during the construction of the facility and
its operation. It should be noted that in assessing this
impact, it is necessary to take into account the
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environmental pollution from industrial enterprises
already existing at the moment and in the vicinity of
NPP construction site [2].

Radioecological monitoring is a complex of long-
term systemic observations of changes in the
environment, which allows for the assessment of the
possible influence of NPPs’ normal operation and to
assess the current level of ecological safety. Data
obtained during monitoring should be sufficient for
making management decisions regarding the exclusion
or the decrease of a possible negative influence of NPPs
on the environment in compliance with the standards
set by regulations. Radioecological monitoring must be
carried out in the NPP site and its observation zone.
The size of the observation zone should be determined
for normal operating conditions from the conditions of
statistical significance of measurements of the
parameters of the radiation situation, caused by the
natural background and the design parameters of
radioactive emissions [3]. Based on this approach, a
30-km observation zone approximately satisfies the
condition according to which the dose rate due to
permissible emissions from NPP outside the
observation zone will be less than 10% of the standard
deviation of the natural background (at the level of 0.01
uSv/h).

The monitored objects are surface air, terrestrial
(natural and agricultural) and aquatic ecosystems,
which characterise the region as a whole and are
representative in terms of the NPP’s impact.

The current paper presents the experience of
developing the programme and conducting
radioecological monitoring of aquatic ecosystems using
the example of Rooppur NPP (People’s Republic of
Bangladesh).
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2. METHODOLOGY

The complexity of observations, the timing of their
conduction with the representative hydrological and
hydrobiological phases, the determination of indicators
characterising the water quality, the composition of
bottom sediments, and the state of hydrobiocenosis
represent the basis of environmental monitoring of
aquatic ecosystems in the NPP vicinity.

The selection of observation points within the
framework of environmental monitoring of water
ecosystems was carried out with consideration for the
results of the reconnaissance survey of the state of
water bodies in the NPP’s area, the analysis of data on
the physicogeographical, morphometric features of
water bodies and the analysis of stock data on pollution
(including radionuclides) of surface waters, bottom
sediments and aquatic organisms, sanitary and
hygienic indicators of water quality.

The programme for the study of spatial and
temporal features of the hydrological and
hydrochemical regime of water bodies in the NPP
vicinity is based on IAEA recommendations and
Russian legislation in the field of radiation safety [4-
10].

The Rooppur NPP site is located on the east bank of
the Padma River, 160 km north-west of Dhaka. In the
2014-2017 period, the system of radioecological
monitoring of the freshwater ecosystems was
developed based on a comprehensive survey of the 30-
km zone of the Rooppur NPP.

There are significant seasonal differences in
climatic characteristics in the vicinity of Rooppur NPP
(May-September rainy season and December-March
dry season), which significantly affect the water regime
of the Padma River, the primary source of water in the
region. During the monsoon season, the water in the
Padma River rises by 6-8 m, and in winter its level
drops to a minimum. Therefore, radioecological
monitoring of the observation zone of the Rooppur
NPP was conducted in different periods of the year:
August (2014), April (2015), December (2016) and
June (2017). The investigation of aquatic ecosystems
was carried out in the riparian waters of the Padma
River, with its streams and canals also examined. A
total of 20 observation stations upstream and
downstream from the Rooppur NPP site were selected
and surveyed. Samples of surface water, sediments and
aquatic vegetation (sampled during the growing
season) were collected at the control stations.
Additionally, samples of drinking (well and tap) water
in the 30-km zone were taken.

2.1. Sampling points of radiation monitoring of
water bodies

The sampling points included observation sites
located within a radius of 30 km from the location of
the Rooppur NPP. The selected territory was
conditionally divided into three zones with varying
degrees of spatial availability. The density of
observation sites was higher in an area with a radius of
5 km from a nuclear power plant. A smaller number of
observation sites was chosen in the territory with a
radius of up to 10 km, taking into account the available
anthropogenic sources of pollutants. Background
sections (for NPPs) were installed along the edges of
the 30 km zone (fig. 1). If necessary, the locations and
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number of sampling points were adjusted during the
studies. The sampling points for bottom sediments,
higher aquatic vegetation, and surface waters coincided
in order to compare the content of the studied
pollutant in the components of aquatic ecosystems.
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Figure 1. Sampling scheme for water bodies in the vicinity of
the Rooppur NPP.

2.2. Studied indicators

The samples of the aquatic ecosystem’s components
were studied to determine the content of natural and
artificial radionuclides: 4°K, 226Ra, 232Th, 137Cs, 9°Sr, 3H.

2.3. Water sampling

Water sampling was carried out using a
bathometer. Suspended matter present in the water
was separated by a filtering device. Sample analysis
was carried out separately for suspended matter and
filtrate. The volume of the samples used in the analysis
of gamma-emitting radionuclides was determined by
the sensitivity of the used spectrometric equipment
and was at least 100 litres.

Samples of groundwaters used by the Ilocal
population for drinking and household needs were
taken in the settlements within the 30-km zone at
different distances and directions from the NPP from
columns, wells, water supply and wells (fig. 2).

2.4. Sampling of sediments

Bottom sediment sampling was carried out using a
benthic bottom grab DCh-0.025. Samples of bottom
sediments were taken from the surface layer of the
water body bed at sampling points: one sample per
each point with mass (air-dry mass) of at least 0.3 kg.
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Figure 2. Sampling scheme for groundwaters in the vicinity of
the Rooppur NPP.

2.5. Sampling of hydrobionts

Higher aquatic vegetation and fish were sampled
using species descriptions. The air-dry weight of the
selected samples of higher aquatic vegetation was at
least 0.2 kg, with wet weight for ichthyofauna being at
least 0.5-1.0 kg.

2.6. Measuring equipment

The radioactivity measurements were performed in
RIRAE Radiation Control and Testing laboratories
certified according to the requirements of Rosatom
State Corporation and IAEA. The following equipment
was used to analyse the concentrations of radionuclides
in the components of freshwater ecosystems:

- a low-background gamma-spectrometric complex
designed to measure the specific activity of gamma-
emitting radionuclides in samples of various
environmental objects, including industrial samples
and food products;

- a low background liquid scintillation system
detector, Perkin Elmer - Wallac Quantulus™ 1220;

- liquid scintillation counter TriCarb 3100TR;

- gamma-spectrometer GAMMA-1P by RPC
“ASPEKT”, Russia;

- Sample Oxidizer PerkinElmer 307;

- Multi-Channel Analyzer DeskTop InSpector 1270
by Canberra Industries;

- gamma-spectrometer AccuSpec by Canberra
Industries;

- Universal spectrometric complexes "PROGRESS"
by Russian LLC "STC Amplituda".

3. RESULTS OF THE MEASUREMENTS

The results obtained during the radioecological
studies of the freshwater ecosystem’s components
allows for the obtaining data about the content of
natural and artificial radionuclides in the aquatic
environment and the evaluation of radiation doses that
water users and aquatic organisms experience due to

the technogenic changes of background radiation in the
region.

The entry of radionuclides into the water of surface
water bodies in the absence of nuclear power plants
occurs by direct deposition from the air for artificial
radionuclides and leaching from the rocks in case of
natural ones. Radionuclides that reach large water
bodies are rapidly redistributed and usually
accumulate in bottom sediments, benthos, aquatic
plants and fish. Table 1 presents the results of the
radioecological monitoring of aquatic ecosystems in the
vicinity of the Rooppur NPP, obtained from 2014 to
2017 [11-14]. It shows maximal and minimal values
measured after sampling.

Table 1. The content of radionuclides in the components of
freshwater ecosystems (minimum and maximum values),
Bq/kg(L)

Component | 40K [ 226Ra [ 232Th [ 9Sr [ 137Cs | 3H

August, 2014

\s/vl'fllifeicsf <15 | <05 | <05 |0:0027| 0:02° 0.8-
Padma 3.75 0.84 1.29
Bottom 570- _ B 1.5- 0.5-
sediments 8op | 42751 | 4471 2.19 4.2 <3
Aquatic < <o <0 2.51- | 18- <
flora 5 5 5 3.54 2.6 3
Drinking 0.019- | 0.03- | 0.42-
water <L5 | <0.5 | <05 0.16 0.08 | 118
April, 2015
Surface 0.003- 0.77-
water of <1.0 | <0.4 | <0.5 | <0.05 :
Padma 0.05 2.05
Bottom 369- | 14.9- | 34.5- | 0.82- | 0.6- <
sediments 721 121 136 1.98 3.2 3
Aquatic 253- | 19.2- | 31.5- | 0.91-
flora 1090 | 24.6 | 68.3 | 2.18 <90 <3
December, 2016

Surface 0.48- | 0.1- | 0.1- | 0.01-
water of B o o o.21 | <007| <3
Padma 77 3 -3 ’
Bottom 340- | 21.4- | 24,7- | 0.09- | 0.25-

. <3
sediments 710 82 137 3.53 1.4
Fish (fresh |102.6- 0.03-
weight) 120 <12 | <12 1.55 <0.4 -
Aquatic
flora 134.5 | <12 | <14 9.7 <0.3 <3
Drinking 0.87- | 0.11- | 0.2- | 0.01- 0.27 <3
water 1.1 0.71 | 0.33 | 0.07

June, 2017
Surface
water of 16'19_ <0.5 | <0.5 %'%131_ 0(;01%;9_ <3
Padma 99 04 114
Bottom 350- | 24.8- | 21.5- | 0.2- 0.5- | 12.21-
sediments 852 122 211 0.99 | 2.83 |30.84
Fish 777 | <14 | <24 | 00% 0.26- -
124.1 0.24 0.3

Aquatic 347- | 8.7- | 17.1- | 0.38- _
flora 1431 | 417 | 70.3 | 3.89 0.4-1 <3
Drinking 0.041- | 0.033-
water 1.02 | <0.2 | <0.11 0.043 | 0.06 <3

Studies on the content of radionuclides in drinking
water were conducted in 1998 [15]. In the Kushtia and
Rajahi regions, sampling at that time showed 232Th
content in drinking water in the range 0.25-0.27 Bq/L,
40K content ranged from 7.95 to 8.52 Bq/L. The results
obtained during the radioecological monitoring of
2014-2017 correlate with data obtained previously. The
content of radionuclides in drinking water and fish
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does not exceed the requirements of the Russian
sanitary and hygienic standards and international
standards [9, 10, 16].

The work on determining radiation levels at the site
and in the area of the proposed Rooppur NPP location,
conducted by Bangladesh’s Atomic Energy Commission
specialists presented the results of measuring the
content of natural radionuclides in water samples [17].
In the framework of this study, specialists determined
the content of 238U, 232Th, and 4°K in water samples.
The concentrations of these radionuclides varied from
0.11 to 0.21 Bq/L for 238U, from 0.13 to 0.30 Bq/L for
232Th, and from 0.30 to 0.47 Bq/L for 4°K.
Measurements of 2014-2017 showed that there were no
significant changes in the background contents of
natural radionuclides, except 4°K. The average 4°K
content in December 2016 was 1.05 Bq/L, and in June
2017 it increased to 2.54 Bq/L. The global natural
background of tritium is assumed to be (2.2+0.7) Bq/L
while the technogenic background is 5 Bq/L. Thus, the
tritium content in the surface waters of the Padma
River in the vicinity of the Rooppur NPP is below the
average global value and several orders of magnitude
below the level demanding intervention, according to
the Russian radiation safety legislation. The same
situation was observed for other technogenic
radionuclides (9°Sr and 37Cs). The content of 9°Sr and
137Cs was relatively low and averaged 0.06 and
0.07 Bq/L, respectively.

No studies were conducted on the content of
radionuclides in bottom sediments in the area of the
Rooppur NPP, but in 2017, there was published a
paper on the content of natural radionuclides in the
bottom sediments of the Brahmaputra River [18]. The
average content of 232Th and 4°K was 113 and 1002
Bq/kg, respectively. The values of the content of
natural radionuclides in bottom sediments in the
Padma river basin obtained during radioecological
monitoring are comparable with the results of Khalil et
al. It should also be noted that changes in the
radionuclide content in bottom sediments and higher
aquatic vegetation are seasonal. During the dry season,
the concentration of natural radionuclides in these
samples decreased, and during the rainy period, it
increased due to the flushing of soil and rock particles
into water bodies.

4. CONCLUSION

According to the results of the radioecological
monitoring of water ecosystems in the 30-km zone of
the Rooppur NPP conducted in 2014-2017, it can be
concluded that the environmental situation in this
region is safe. The established monitoring network will
allow the observation of changes in the 30-km zone of
the Rooppur NPP and the identification of the impact
caused by NPP’s operation on the environmental
situation in the region.
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