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POSSIBILITIES OF REGIONAL MONITORING USING THE BASIN APPROACH

Abstract. The evolution of views on measures to protect the environment from the effects of human development of the subsoil
and terrestrial natural environment is reflected in the tasks and methods of environmental control. The current nature of change,
especially climate change, requires a shift to regional and global research and forecasting. However, the local and departmental
differentiation of the monitoring network do not allow to make assessments of the regional level, and conclusions and forecasts —
of the global. Water is the component of the environment that connects all spheres of the Earth, it is a universal solvent, transporter
and accumulator of matter and energy. In order to ensure regional and global levels of monitoring, assessments should be carried
out on a basin basis, and the subject of research should be the ways, processes and factors of migration of substances, which are
based on the peculiarities of moisture balance formation. These principles are fully justified in the performance of various tasks:
the definition of barrier functions of the environment in relation to different pollutants; determining the response of the pool
hydraulic system to economic activity, assessment of the resistance of soil-plant complexes to the accumulation of toxic substances;
assessment of the resistance of basins to hydrological and hydrogeological drought depending on landscape conditions, etc.
The paper considers the general methodology and some results obtained through the application of landscape-basin approach
to determining the barrier resistance of basins to radio strontium in the Chernobyl Exclusion Zone. For this purpose, the data
of 20 years of observations on the removal of *’Sr from catchments were analyzed. It was possible to assess the degree of dependence
of *’Sr removal and barrier stability on landscape factors, and to establish the time of active transition of *’Sr to mobile forms,
the sequence of dominance of the processes of secondary pollution of surface waters and much more. The use of the obtained regression
dependences helped to fulfil retrospective and prognostic tasks, as well as to model more favourable conditions in the catchments to
reduce *’Sr removal by adjusting certain factors.

Key words: monitoring, catchments, radionuclides, groundwater, landscape, the barrier stability of basins, radioecological
assessment.

Introduction scientific returns from the data obtained. Traditional

The imposition of different types of anthropogenic  methods of observation do not allow to establish regional
pressure leads to diversification and deepening patterns. According to the results of monitoring, itis possible
of environmental reactions. These reactions are getting to identify foci of a certain impact [12], but it is difficult to
closer to irreversible. The growth of levels of environmental ~ draw generalized conclusions about the effect of various
impact from local to regional and continental leads to  factors on a particular component of the environment
the fact that the responses of the natural environment are  (groundwater or surface water, air, soil, vegetation).
combined in space and become global [8]. The main role ~ Sometimes, for example, it is difficult or impossible to
in this is played by the most mobile sphere of the Earth -  establish the actual cause of quantitative and qualitative
the atmosphere. Indeed, irreversible changes in the upper part ~ changes in the aquatic environment. However, approaches
of the earth's crust and the transformation of the noosphere  are being integrated in the world that can significantly
into the technosphere with the disruption of the carbon cycle  increase the level of results and conclusions.
initially led to changes in circulation in the atmosphere, Analysis of recent research and publications
and then to climate change. Abnormal changes in the aquatic Thus, the Gravity Recovery and Climate Experiment
environment are already well visible, landscape and climatic =~ (GRACE) mission has emerged as a valuable tool for
zonation is disturbed. In this regard, approaches and methods ~ monitoring global and regional water resource [ 14] changes,
of environmental monitoring are constantly being reviewed  including groundwater data for data-scarce regions, where
and improved as the main means of timely detection groundwater modeling has become a central issue [4,6,7].
and response to various natural and man-made threats. Therefore, it is necessary to look for a unifying paradigm

Departmental and territorial division, sometimes that can combine observations of the state of the related
excessive locality of monitoring in Ukraine led to low  components of the environment and provide an opportunity
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to draw regional and global conclusions. To get a complete
picture of the state of water resources, trends in its changes
and make a correct forecast, it is necessary to take into
account not only hydrological changes but also climate
change, water exchange between surface and groundwater,
hydraulic design, water extraction and human systems in
a single integrated structure [13].

The world is beginning to realize that surface water
resources in the context of global warming and wide use
are becoming vulnerable to depletion [2,3]. In addition,
open water sources suffer from various types of pollution,
depleting their quality.

In our opinion, water and water resources of Earth are
the base component and object of ecological monitoring
research, which combines all layers of the biosphere
and embodies integrated indicators of its state.

In developed countries, global environmental
approaches to the state of the environment are beginning to
evolve rapidly. Because the automation of production is so
high that it does not require a significant amount of labour,
large enterprises, thermal power plants, nuclear power
plants are located far outside the city. That is, it is obvious
that a safer way for a person is to find ways to localize
and dispose of pollution near its sources and if possible, to
prevent emissions. The tasks of environmental monitoring
are narrowed to /ocal ones.

Re-equipping old observation posts with more modern
means of observation, while all research remains within
the framework of regulations developed in the last century, does
not give us an explanation of the complex and very dynamic
phenomena that have occurred over the past two decades.

The aim of the study: to create a conceptual framework
for modern integrated environmental monitoring,
expanding its powers in terms of scientific processing
and presentation of information, which will enable it to
perform regional and global generalizations.

Research methods

Analysis of modern monitoring systems and
the effectiveness of the information received. Substantiation
of the methodology of regional monitoring on the example
of radioecological monitoring of catchment basins
of the exclusion zone.

Presentation of the main material of the study

To localize the bulk of pollutants in uninhabited areas near
enterprises, it is advisable to assess in advance the acceptability
of the location of these enterprises according to geochemical
criteria. If it is possible to change the location of the object, it
should be moved to an area that has a geochemical background
that is least conducive to the migration of pollutants. In other
words, the terrain must have high barrier capabilities that
ensure the deposition of pollutants. It is clear that in order
to make an informed decision, it is necessary to conduct
not one-time research, but long-term monitoring, or rely
on observations made in similar biogeochemical areas.
Therefore, a monitoring program should include the study
of regional geochemical patterns of pollutant migration [11].

The main way or mechanism of migration of pollutants,
including radionuclides, is water migration. Therefore,
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the barrier capacity of the environment is assessed by its
ability to reduce water removal of pollutants.

At the regional level, the choice between geoecosystem
approaches: basin and aquatic is strategically important in
terms of the significance and representation of the results
obtained. The choice of basins as the main objects
of radiohydrogeochemical assessment (Fig. 1) allows to
functionally combine a much wider range of components
and thus close the migration cycle of the pollutant. It also
allows you to take into account economic or environmental
activities in the catchment and its impact on the flow
of matter due to changes in the state of natural landscapes.

The concentration of certain, migratory active
components of the chemical composition of open streams
reflects the result of a wide range of hydrogeochemical
andbiogeochemical processesthatoccurwiththedistribution
of these substances unevenly on catchment. Estimation
of the potential for water removal of radionuclides from
their contaminated area can be performed by rigorous
quantitative description (digitization in GIS) of typical
landscape features for watersheds, the set of which may
differ for each of the radionuclides [10].

The catchment surface of small rivers is flat
and low-gradient, which determines the dominant role
of precipitation infiltration over planar surface runoff,
and hence the decisive role of groundwater among
other sources of secondary inflow of radionuclides to
rivers. It is obvious that the landscape-geochemical
characteristics of the catchment area, where groundwater
is fed and discharged, determine the degree of involvement
of radionuclides in water migration and their general
removal to water intakes (or retention in the geological
environment). Comparing the prevalence of landscape
features and the values of annual water removal
of radionuclides between different basins over a long
period of time allows to differentiate catchments by barrier
capacity —the main criterion for radioecological assessment
of areas around radiation-hazardous objects [9].

According to the results of statistical analysis
and comparison of long-term dynamics of water removal
of *°Sr from different basins of the ChEZ, it follows that
natural landscape and geochemical characteristics, not
water protection measures and structures, are responsible
for the formation of stable barrier functions. Various man-
made facilities mostly only worsen the barrier capacity
ofthe catchment in the long term, for example, the additional
artificial drainage network due to the possibility of its
regulation helps to reduce the removal of radionuclides
in low-water years, but in high-water — significantly
weakens the barrier functions. The constructed water
protection dams also have an ambiguous effect: protecting
the floodplains from flooding the contaminated areas, they
create backwater of groundwater and surface water coming
from the catchment area.

The aim of radioecological assessment of river
catchmentsistodetermine their barrier stability by landscape
and geochemical characteristics. The barrier stability
index, which characterizes the retention of radionuclides
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in catchments, expresses the ability of the catchment,
as a hydrodynamically isolated part of the geological
environment, to resist water removal of radionuclides
due to the predominance of landscape-geochemical
features (elements) with holding capacity. The high
barrier resistance will also be evidenced by the minimum,
compared to other catchments with a similar density
of pollution, amount of radionuclides removed during
high floods, without taking into account the consequences
for the ecosystem-holder. The values of annual water
removal of radionuclides from the catchment for decades,
including cycles of different water content and stages
of different ratios of migratory, active and passive forms
of radionuclides, integrally reflect the action of various
landscape-geochemical factors and barrier features of water
catchment under different hydrometeorological conditions.
The generalized set of landscape characteristics that have

the greatest impact on the migration and removal of man-
made radionuclides with water determines the ultimate
required indicators of barrier stability and groundwater
protection. In accordance with these indicators, the choice
of the site for the location of a nuclear facility — a potential
source of radioactive contamination should be justified.
The procedure for selecting factors influencing
the mobilization (or remobilization) and removal of *°Sr
with water is basic in the methodological approach to
forecasting the concentrations and water removal
of radionuclides. It is based on the use of stable landscape-
geochemical and dynamic hydrometeorological factors.
The direct indicator of pollution, namely — radionuclide
reserves in the catchment, in 10-15 years after precipitation, has
no decisive effect on removal volumes [10], which indicates
the emergence of dominant natural factors, among which are
important geochemical features of the catchment area.
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Fig. 1. Radioecological monitoring (RM) structure at object, local and regional levels (RAW,
NPP, Chornobyl Exclusion Zone, etc.) with the selection of objects and tasks of production and

scientific monitoring
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In the first years after the Chornobyl disaster
(until ~ 1989), solid-phase, weak-moving forms
of °Sr predominated. At that time, the most important
role in the formation of *°Sr and '’Cs removal from
water catchment was played by the water level in canals
and rivers (direct dependence) and the share of unpolluted
groundwater in the total runoff (inverse dependence).
The following stable landscape features contributed
most to the increase in water removal of *°Sr: the area
of acid soils (pH <6), the density of the hydro network,
the relative area of the leading depressions. At the same
time, the number of dry depressions and the relative
area of waterlogged depressions and organogenic soils
in the watershed contributed to the reduction of *°Sr
removal. For the period 1991-1995, there was an inverse
relationship between the flow rate (at low levels)
and the concentration of *°Sr in surface waters, as well as
between the relative area of depressions on the catchment
and the removal of *°Sr. During the high-water cycle
of 1997-2001, elevated concentrations of *°Sr coincided
with high values of permanganate oxidation and water
levels in canals and rivers. In contrast, the inverse
relationship between the concentration and removal
of *°Sr was observed with the share of groundwater in
the total runoff. Among the negative landscape factors,
that reduced the barrier resistance of watersheds to
the removal of *°Sr, were the density of the hydro network
and general drainage, the number of wetlands, the area
of conductive and the density of all depressions. In 2002-
2010, the concentration of *Sr in river water was positively
affected by flow rate and water pH, and the increase in
oxidation coincided with an increase in the concentration
of °°Sr. At this time, the share of groundwater inflow shifted
to factors that had a positive correlation with *°Sr removal,
as well as the density of the hydro network, depressions
and overall drainage of the area. However, if the relative
area of drainage systems in the regulated state did not
exceed 20%, this contributed to the strengthening of barrier
capacity. Since 2004, large areas of forest have been one
of the main obstacles to strontium removal. The growing
role of these factors is well coordinated with the release
of *°Sr from the solid-phase matrix of radioactive fallout
and the beginning of the dominance of mobile forms
of *Sr. Since 2015, the negative role of the high share
of groundwater inflow in the formation of **Sr concentration
and removal has only intensified (Fig. 2).

The contribution of the main sources and processes
to the secondary pollution of water courses (Fig. 2) is
determined by solving empirical balance equations, systems
of equations and compartment models. At different stages
after the initial pollution, different sources of secondary
pollution of the ChEZ water courses prevailed: 1987-
1994 — leaching by surface planar runoff and desorption
from bottom sediments; 1995-1996 — desorption from
bottom sediments and flooded contaminated slopes
of the regulated drainage network; 1997-1998 — leaching
from flooded slopes, to a lesser extent — from bottom
sediments and so on.

21

60
- o0
- A0
- 30
20
F ded gl
Frorrr? Bﬂoﬂ%?n_ EEz;ec?i r%%_%?s 10
From aguatic organisms
Mith groundwater 0

Wiith Swamp waters
With planar runoff

Cycles of years

1995-1986
1997-1998
1699-2001
2002-2009
2010-2014
2015-2020

Fig. 2. Gradual change of the dominant sources of secondary
pollution of watercourses with strontium-90.

The current stage of radioecological monitoring is
marked by the deepening impact of global warming on
the surface and underground hydrosphere. Groundwater
levels (GWL) that have not recovered in 2021-2022 after
abnormally low rainfall in 2019 and a fall in GWL may
move into a protracted phase of hydrogeological drought.
During this phase, precipitation restores only soil moisture
in the aeration zone, but practically does not enter
groundwater. Signs of this can be seen in the reduction
and stabilization of radionuclide concentrations. Drought
in this case, contributing to the increase in the thickness
of the protective zone of incomplete saturation, becomes
a factor in the self-rehabilitation of groundwater
and strengthening the barrier capacity of watersheds. Thus,
due to its landscape characteristics, the drainage area not
only determines relatively stable barrier functions over
time, but also affects the course of dynamic processes
generated by climate change.

The presented principles and methods of assessing
the barrier capacity of landscape complexes in watersheds
in relation to water removal of radionuclides and other
pollutants can also be used to assess the barrier stability
of soil and plant communities in relation to the transition
of radionuclides into crops, forests and berries, animals,
etc. According to the same principles, but with the use
of completely different indicators, it is possible to assess
the resistance of basins to hydrological and hydrogeological
drought, etc.

One of the most pressing modern radioecological
problemsistheaccumulationofamericium-241 inthenatural
environment and its dosage. Currently, the content of this
radionuclide outside the emergency power unit is almost
equal to **Sr and will continue to increase until the middle
of this century. At the same time, its radiobiological
efficiency significantly exceeds gamma and beta radiation
of dose-forming '*’Cs and *°Sr.

Nowadays, the isotopes Am and Pu play an increasingly
important role among radioactive migrants in the Chernobyl
Exclusion Zone (ChEZ). The ratio of ! Am /#**2**Pu activities
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increases every year. If in 1986 it was 0.13 + 0.03, then over
the next 70 years it will increase 20 times due to the radioactive
decay of ?*'Pu and the accumulation of ! Am. According to
estimates [5] the maximum level of > Am pollution will be
set at 2060 and will exceed 2*2*°Pu by 2.7 times. At the same
time, areas with a pollution level of 2383%240Py + 24 Am up to
1000 Bg/m?, may even go beyond the 30-km zone. Currently,
the maximum levels of pollution in the *'Am exclusion
zone reach 37 GBq/km?. It is therefore necessary to continue
the ongoing work to assess the barrier capacity of catchments,
but now in relation to *' Am.

The geochemical concept of basin-based (regional)
environmental monitoring demonstrates the wide
possibilities of scientific data analysis and the importance
of the results obtained. The methods of analysis
proposed by us are not a dogma, obviously, the other,
better mathematical tools [1,4,6,15] can be used to find
more accurate solutions. The main thing is to take into
account all the main factors that affect water migration
and the retention of pollutants (or related to moisture
balance) in the landscape or geological environment.

Conclusions

The effectiveness of monitoring studies increases
significantly if observations are conducted on catchments
at a regional scale. Based on almost 20 years of monitoring
observations of *Sr removal from the catchments
of the exclusion zone, it was possible to assess the barrier
stability of basins, the degree of dependence of *°Sr removal
and barrier resistance on landscape factors, the time
of active transition of *°Sr to mobile forms (1999-2001),
the sequence of dominance of the processes of secondary
pollution of surface waters, etc. At the present stage,
secondary pollution of watercourses occurs mainly due to
groundwater, decomposition of aquatic organisms and linear
erosion during heavy rains. Forecasts of water removal
of radionuclides from catchments can be performed based on
the dependences of removal only on landscape-geochemical
characteristics. The presented monitoring methodology
allows to separate the influence of anthropogenic and natural
factors on the required indicators. In the long run, such
monitoring can be used to highlight the impact of global
warming on changes in regions' water resources and to make
decisions about their more rational use.
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Anomauis. Cyuacnuii xapaxmep 3miH, 0COONUBO 3MIHU KAIMANLY, 8UMA2AE Nepexo0dy 00 PeiOHAIbHUX I 2100AIbHUX OOCTIONCEHb | NPOZHO3YBAHHSL.
Ilpome nokanvHa ma ioomua OugepeHyiayis Mepexci MOHIMOPUHEY He OA€ 3MO2uU POOUMU OYIHKU PEIOHANbHOO PIBHS, 4 BUCHOBKU MdA NPOSHO3U —

2n0banviozo. Booa € cknaoosoio 006K, uo nog’s3ye 6ci cghepu 3emii, € ynieepcanbHuM po3UUHHUKOM, NEPEHOCHUKOM | HAKONUYYBAHEM PeuOGUHU
ma enepeii. /st moeo, w06 3abezneuumu pecioHanibHull ma 2100anbHull PIGHI OYIHOK CROCMEPEedICeHHsl CI0 NPOBOOUMU 3a DACEUHOBUM NPUHYUNOM,
a npeomemom A0CaiddiceHb NOGUHHI OYMU WAXY, NPOYECU Ma YUHHUKU MI2PAYil peuo8UH, 8 OCHOBI AKUX N1eICamb 0COOIUBOCI (popmyeanis baiancy

sonozu. Taxi npunyunu yinkom eunpasoogyioms cebe nio 4ac 6UKOHAHHSA PISHOMAHIMHUX 3a60aHb. GU3HAYEHHS bap €pHux yHKyill cepedosuwya
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10 BIOHOWIEHHIO 00 PIZHUX NOTIOMAHMIB, BUSHAYEHHS pearyii eiopocucmemu OACEUHY HA 20CNOOAPCHKY OiANbHICMb, OYIHKA CMIUKOCHI IPYHMOBO-
POCTUHHUX KOMILEKCI® 00 HAKONUYEHHS! MOKCUYHUX PEHOBUH, OYIHKA CIIUKOCI 6acetinig 00 2i0ponociunoi ma 2iopo2eono2iunol ROCyXu 6 3a1elCHOCMI
6i0 nanowagpmuux ymoe mowo. B pobomi posensnymo 3acanbhy Memooono2ito ma OKpemi pesyibmamu, OMpUMAaHi 3a60aKU 3ACHOCYEAHHIO
JaHowapmuo-bacetinoso2o nioxody 0o susHavenHs bap 'eproi cmitikocmi dacetinie 0o padiocmponyiro y YoproounbcoKill 30Hi 8i0uyoceHHs. [lia ybo2o
6yn0 npoananizoéano oani Monimopuneosux cnocmepesicens 3a 20 pokis. Budineno npupooni ma mexnozenni YUHHUKY, WO BNIUBAIOMb HA Oap €pHY
cmitikicme 6acetinie no eioHowerno 0o cmponyito. ITomenyian 600H020 6uHeceHHs padioOHYKIIOI6 3 6000300py ma pieeHb bap '€proi cmitikocmi
BUBHAYEHO ULIAXOM OYUPPYBAHHA MUNOBUX 0151 B000300PI8 TAHOUADMHUX O3HAK MA KopelayitiHoeo ananizy. [lokasnuk 6ap eproi cmitikocmi supasxcae
30amuicme 600030ipHO20 baceliny npomMucmoamu 600HOMY GUHECEHHIO PAOIOHYKNIOIE 3a60AKU NEPeBANCANHIO NAHOWADMHO-2COXIMIUHUX O3HAK
(enemenmis) 3 ympumyiouumu soamuocmsamvu. Y 2002-2010 pp. nosumusno na konyenmpayiio *’Sry 600i piuox enausanu weudkicmo nomoxy i pH
600U, a 3pOCMAHSL OKUCHIOBAHOCTI CNIBNAOA0 i3 30inbuennsm konyenmpayii *’Sr. ¥V yeil uac vacmxa npumoxy tpyHmosux 600 nepetiuiia 00 YuHHUKIS,
WO Manu nO3UMuUEHy Kopeusyilo i3 gunecenusim *’Sr, sk i winbricme 2i0pomepedci, 3anadun ma 3a2aibia OpeHoBanicmy Niowi.

Knrwuosi cnosa: monimopune, 60003060pu, padioHyKkiiou, niozemri 600u, ianowadm, bap €pra cmiikicme 6acelinis, padioekonoziune OYiHIBAHHS.
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