MONITORING OF BALTATA RIVER POLLUTION BY SOIL EROSION
AS A PART OF A NEW BLACK SEA PROJECT IN MOLDOVA
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The content of the regional project “Protecting streams for a clean Black Sea by reducing sediment and litter
pollution with joint innovative monitoring and control tools and nature-based practices” (short title: Protect
Streams_4Sea) started in 2020 is presented. This two-year project is currently executed within the framework of the
EU Black Sea Regional Cooperation Programme (2014-2020) by five partners from Greece (leader is International
Hellenic University from Drama, project manager is Dr. George Zaimes, associate professor), Armenia, Moldova,
Romania and Turkey. The Baltata River (a right-bank of Dniester River tributary) basin is selected as a pilot area for
the project tasks realization in Moldova. The goal of this study is to evaluate the non-point sources of pollutions in
the Dniester basin as a part of measures of its protection and ecological rehabilitation and as a result to mitigate the
basin’s contribution to the Black Sea general littering. The experts on hydrology, climatology, soil science, botany,
GIS, etc. are participating in this project’s implementation.

IIpencrasneno comepkanue crapropapiiero B 2020 romy peruoHaIBHOTO MPOEKTa «3aluTa PEeK Al YUCTOTO
YepHOro MOps 3a CUET COKPAIIEHUS 3arpsI3HEHHUSI HAHOCAMH M MYCOPOM C MOMOIIBIO COBMECTHBIX MHHOBAILIOH-
HBIX WHCTPYMEHTOB MOHMTOPHHTA W KOHTPOJIS W NPUPOJOOXPAHHBIX NMPAKTHK» (COKpaIleHHOE Ha3BaHue: Protect
Streams_4Sea). 3TOT IBYXJIETHHI IPOEKT peasM3yeTcs B HacTosee BpeMs B paMkax [Iporpammer YepHoMopckoro
pernonansHoro corpynnudectsa EC (2014-2020 1) narero naptHepamu u3 [perun (pykoBoanuTens — MexyHa-
ponublii I'pedeckuit YHUBepcuteT J[pamsbl, pykoBoauTens mpoekrta — J1-p JLxopmk 3aiimec, MOLEHT), ApMEHUH,
MonzoBsl, Pymeranu u Typrm. Bacceitn pexu banrara (mpaBobepexHsiii npuTok J[HecTpa) BrIOpaH B KauecTBe
MUJIOTHOTO y4YacTKa JUlsl peal3aliy 3a1ad mpoekTa B Momose. Llenbro JaHHOTO MCCIen0BaHus SBISIETCS OLICHKA
MCTOYHHKOB 3arpsA3HeHus B Oacceiine J[HecTpa B paMKax MEpONPHUATHI MO €ro OXpaHe M SKOJIOTHYECKOH peadu-
JWTAIWY JUIs CHIKEHMS BKJIaaa OacceliHa B oOrmiee 3arpsizHenue YepHoro mops. B peanmzanmu 3Toro mpoekra
NPUHAMAIOT y4acTHe CIINUAIICTBI B 00JIACTH THAPOJIOTHH, KIIMMATONIOI MK, TTouBoBeieHus, 6orannku, ['IC u np.
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Introduction. Any monitoring should take into consideration the main natural and anthropogenic factors. At present,
the current catchment areas in Moldova are not always in good conditions, and an environmental situation in river basins
raises concern about their future as of the clean drinking water sources. A substandard ecological situation in the Baltata
basin is centered around such issues as water biota’s degradation and water sources pollution, deposition of silt due to
soils water erosion on adjacent cover areas. All these factors cause a necessity of this basin protection and ecological
rehabilitation.

Study area and methods. Study area. Baltata River is a right tributary of the Dniester River, with the length ex-
ceeding 27 km [2]. It basin comprises an area of more than 165 square kilometers and consists of various types of land-
use: agricultural lands, forests, pasture lands, meadows, perennial plantings and built-up areas (Fig. 1). The Baltata basin
is one of many other where the basic water resources of Moldova are formed. The well-being of the water courses condi-
tions, the population living conditions and many aquatic and near-water biocenoses depend on its basin ecological state.
The anthropogenic factor has changed the natural watershed of the river, and now it is almost completely accumulated in
artificial ponds. Water for the needs of the population is taken out only from these reservoirs, and the main riverbed has
turned into a shallow watercourse. Under the influence of erosion processes in a territory with a heterogeneous relief, its
soil fertility decreases that leads to a crop loss by 40-70 % [3]. Moreover, in a case of water erosion from 10 to 30 % of
applied fertilizers and pesticides are washed off the slopes together with soil.
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Thus, without achieving a good environmental situation in the Baltata River basin, as in other Dniester River sub-
basins in Moldova and Ukraine, it is impossible to achieve well-being of the north-west Black Sea area. It is also necessary
to pay particular attention to the soil and water pollution from unauthorized dumps and household waste, as well as from
water erosion of soils, since the relief here varies from 0° to 17°; the most common - from 2° to 5°.
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Figure 1 — Land use in Baltata River basin
Table 1
Land Use in Baltata River Basin
Land Use Area, km?
Pastures and meadows 76.99
Arable 19.01
Perennial plantings 22.94
Forests 28.90
Surface water 1.07
Built-up areas 17.58
Total 166.49

The project content. The Protect-Streams-4-Sea BSB963 project focuses on a joint environmental monitoring of
nonpoint source pollutants and litter that end up in the Black Sea. This is a main priority of the Black Sea Programme,
because if the enclosed Black Sea is polluted, it is essentially very difficult to de-pollute it. Most cleaning efforts are
focusing on the sea itself or along the coastal areas. The watersheds that end in the Black Sea have not been focal points
earlier despite they provide many pollutants and litter. A similar example is the Mississippi Basin that transports pollut-
ants, which created a dead zone in the Mexico Gulf. The idea of this project is to stop the nonpoint sources of pollutant and
litter reaching the streams and rivers, and thus to prevent their entry the Black Sea. In a case of success, this can maintain
cost-effectively a clean Black Sea and will benefit to welfare of the entire region.

Methods. This task will be achieved by using innovative methods (e.g., fingerprinting) to correlate landscape po-
sition with the pollutants in the stream water and riverbed. Soil samples will be taken along stream banks, soil surfaces
and in-stream. By this way, the origins and contributions of sediment and other nonpoint source pollutants to the stream
water and riverbed will be estimated. The pollutant origins could be the stream banks (e.g. steep, non-vegetated area, etc.)
or soil surface with different land covers (e.g. burnt areas, flooded areas, forests, degraded or specific crops). In addition,
traditional (erosion pins, runoff plots) and new innovative methods (remote sensing indices and drones) will be used for
the pollutant estimations. Hydrologic models will be applied to simulate the pollutants at a watershed scale based on the
project data from the fingerprinting method as well as from the stream bank and bed, and soil surface plots. A Multi-Cri-
teria Decision Analysis and a Decision Support System will be used to find the “hot spots” and to recommend the best
management practices in each pilot area. The recommended practices will be nature-based and applicable to the entire
region. The study of the soil cover of Baltata River’s basin, soil samples collection for the following laboratory analysis
will be executed according to the European practices [1].

In our work we use resources FAO Soils Portal — where are national and FAO legacy maps (scan), also soil profiles
and reports, soil degradation, management, biodiversity (http://www.fao.org/soils-portal/data-hub/soil-maps-and-data-
bases/en/). Another source of data is GloSIS Global (Beta) from the FAO. Data Hub for Global Soil Information System
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(GloSIS) country-driven global datasets. Includes Global Soil Organic Carbon (GSOS) map, C sequestration potential,
Harmonized World Soil Database (HWSD) derivatives (soil proprieties, soil quality indicators, digital Soil map of the
World). [4]

For examples southern region of the Republic of Moldova we used a drone to study the soils of this area.

Phantom 4 Pro drone flight and photography.

The flight was carried out with the following parameters:

- Flight altitude from the ground - 100m;

- Image resolution - 20 megapixels;

- Drone speed - 10 m /s;

- Image overlap 80%;

- Image capture angle - 90%

After the flight, 434 pictures were taken.

213 m

170 m

200 m

Figure 2 — Digital elevation map

Figure 3 — Drone images

After completion of the field work, cameral work is carried out. Office calculations are performed using specialized
software Agisoft Metashape Professional.

The tone and color of the upper horizons of soils that are not fixed by vegetation (for example, on arable land) are
determined by certain soil characteristics, such as the degree of erosion, the degree of moisture, and the humus content.

Drones cannot determine information about the soil, therefore, detailed field studies of soils with the determination
of the physicochemical characteristics of soils in the laboratory are necessary.

As aresult of deciphering images from drones, we get the structure of the relief, the geological structure of the area,
the result of human economic activity.
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Figure 4 — Camera position and image overlay

Table 2
Drone processing data

Number of images: 434 Camera stops: 434
Flight altitude: 929 m Equality points: 425,333
Resolution at soil: 2.36 cm/pix Projection: 1,673,567
Coverage area: 0.421 km? Reprojection error: 0.532 pix

Camera’s Model Resolution | Focal distance Pixel’s size Precalibrated

FC6310 (8.8mm) 5472 x | 8.8 mm 241 x 2.41 |Nu

3648 pm

To develop an erodibility map, based on measurements with the help of a drone, the direction of the flow of water
flow was determined.

Figure 5 — Water flow direction model

This material is used to develop anti-erosion measures in the area under study, to prevent pollution of the river basin.

Thus, drone work complements field research and provides reliable information about water runoff as a result of
erosion processes.

At the final part of the project, in the pilot area water bodies there will be developed and/or tested innovative tools/
machines: 4 litter traps (in Armenia, Greece, Moldova and Turkey) and one skimmer vessel (in Romania) to collect litter
and other pollutants to test them in different environments, representative for the region. This should help their adoption
by all Black Sea countries and lead to a joint monitoring program for inland nonpoint source pollutants and litter. Finally,
numerous and diverse communication activities will help to reach all target groups and lead to the adoption of these joint
monitoring methods and tools in the regions. The project also includes the educational and public awareness components
to share the knowledge on the main sources of river and Black Sea pollution and ways of its minimization.

REFERENCES
1. Soil science: Methods & applications D. L. Rowell, Longman Scientific & Technical, Longman Group UK Ltd,
Harlow, Essex, UK (co-published in the USA with John Wiley & Sons Inc. New York), 1994, x + 350 pp
2. Kopobos P, Tpombuyxuii Y. BomgHast 6€301acHOCTh B YCIOBUSIX U3MeHeHHs kiumata. — Kummuaés: Eco-TIRAS,
2017. — 88 p. ISBN 978-9975-66-597-1. http://eco-tiras.org/books/Vodnaia%20bezopasnosti WEB.pdf
3. VYnydieHue 1mionopous S3pOIUPOBAaHHBIX TIOYB B Oacceiine peku J{HecTp Juis pa3BUTHsSI OPraHUYECKOTO CEllb-
ckoro xo3stiictBa / Otuér / EBponeiickuii Coro3, [IPOOH // Kyxapyk E., JIsix T., Pycy A., T'ymantok A., I'pagunap 1.,

319



Huxonae A., dpyms ., LUpiOyabckuit @. Kummnsy: UNDP, 2017. — C.110. https://www.md.undp.org/content/dam/
moldova/docs/Publications/04_Soluri_var-RUS 25-01-2018.pdf

4. Free and Open Spatia Data and tools for environmental components analysis. Kumhalova Jitka, Sirbu Rodica,
Chisinau, 2022, 52 p.

rEOrPA®UNYECKME NHOOPMALMOHHbLIE CUCTEMblI MOHUTOPUHTIA
MUIPALUU 3ATPA3HAIOLLUX BELLECTB B MOYBAX U BOOAX
B KOHTEKCTE YNYYLUEHUA 3KONMOMNMYECKON OECTAHOBKU

GEOGRAPHIC INFORMATION SYSTEMS FOR MONITORING
THE MIGRATION OF POLLUTANTS IN SOILS AND WATERS
IN THE CONTEXT OF ENVIRONMENTAL IMPROVEMENT

B. B. lNneckaHes'?, I1. K. LUanbkesuy'?, J1. A. JlunHuuykuu'?
V. V. Pleskanev’?, P. K. Shalkevich’?, L. A. Lipnitsky??

"YypexdeHue obpasosaHusi «MexOyHapoOHbIl 20cyOapCcmeeHHbIU 3KOIo2u4yeckul uHcmumym
umeHu A. []. Caxaposa» beropycckozo eocydapcmeeHHo20 yHusepcumema, Mo um. A. . Caxaposa bI'Y
2. MuHck, Pecniybniuka benapycs
shalkevich@iseu.by

2Bbenopycckul eocydapcmeeHHbIl yHusepcumem, bI'Y, e. MuHck,, Pecriybnuka benapyck
TInternational Sakharov Environmental Institute of Belarusian State University, ISEI BSU
Minsk, the Republic of Belarus
2Belarusian State University, BSU, Minsk, the Republic of Belarus

Paccmotpens! reorpaduueckue undopmarmonnsie cucreMsl (I'MC) s MOHUTOPUHIA MUTpALUK 3arpsi3Hsi-
IOIIMX BEUIECTB B MOuBax M Bojax. [IpencraBien 0030p apXWUTEKTYyphl CO31aHMs mporpammuoro mnpoaykra I'MC:
ux unrepdeiica, pyHkuumii, npenmymiects 1 orpannueHnil. CHOpMyYITHUPOBaHBI YCIOBUS, TIPH KOTOPBIX BO3MOYKHO
pelIeHHe SKOJIOTHYECKUX TIPOOIeM JUisl OyIyIHX UCCIICA0BaHUN B ATOW 00IacTy.

Geographic information systems (GIS) for monitoring the migration of pollutants in soils and waters are
considered. An overview of the architecture for creating a GIS software product: their interface, functions, advantages
and limitations is presented. The conditions under which it is possible to solve environmental problems for future
research in this area are formulated.

Kniouesvie crnosa: reonnpopmanyonnsie cucrembl, [ IC, MOHUTOPUHT OKpY>Karollel CpeJibl, MUTPALUsl 3arpsi3Hsi-
IOIIMX BEIIECTB.
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B coBpemMeHHOM MHpe reoMH(pOPMAIMOHHBIE CHCTEMBI HCIIOIB3YIOTCSI YEJIOBEKOM BO MHOTHX OTPACIISIX: CEIbCKOE
XO03SIICTBO, TOPOJICKOE MIAHWPOBAHUE, 3PABOOXPAHEHHE, KOMMYHAIBHBIC YCIyTH, HEABIKUMOCTD, YIPABJICHHUE MPH-
POIHBIMH PECYpPCaMH U UPE3BBIYANHBIMU CUTYALUSIMHU, YIIPABICHHE OKPYKAIOIIEH cpesoil. ITo 00yCIOBIEHO TEM, YTO
I'IC — 310 YHHUBEpCaIbHAS! TEXHOIOTHSI, KOTOPAst IITMPOKO HCHOJIB3YETCS M IIOCTOSHHO Pa3BUBAETCSI, 1 €€ MTOTCHIATIbHBIC
o0acTi IPUMEHEHHsI PACIIHUPSIIOTCSI IO MEPE MOSIBIICHNS] HOBBIX NCTOYHUKOB JaHHBIX [1].

3arpsi3sHEHHE TTOYB U BOJ| SIBJSIETCS TII00AIbHON 3KOJIOTHYECKOH MPOOIEMOI U MOXKET UMETh CEepPhe3HbIE MOCIIe/I-
CTBHS JJIs 3I0POBbsI yelloBeKka u okpyxaromieid cpensl. ['UC sBistrorest 9QGEKTHBHBIM HHCTPYMEHTOM MOHUTOPHHTA
MUTPALUH 3arPSA3HAIOMINX BEIIECTB B MOYBax U Bojax. OHU MO3BOJIAIOT BU3YaIM3UPOBATh MPOCTPAHCTBEHHOE pacIpese-
JICHUE 3arps3HSIONINX BEIIECTB, BBISIBISITH OTCHIMANBHBIE OUard 3arpsA3HEHUs U pa3padaTbiBaTh 3(QGEKTUBHBIE MEPHI
TI0 TIPEIOTBPAIICHHUIO 3aTrpsi3HEHNUS [2].

Ha ceropusintaunii eHs Ha PhIHKE JOCTYIEH MIMPOKHN BBIOOP mporpaMMHbIX mpoaykToB I'MIC, kakablii U3 KOTO-
PBIX UMEET CBOM CHIIBHBIE CTOPOHBI U BO3MOKHOCTH. BOJBIIMHCTBO STHX MPOIYKTOB HCIIONB3YET MHOXKECTBO METO/IOB
U3 PA3INYHBIX AUCIMIUINH: KapTorpapuyeckue METObl, UCTAaHIIMOHHOE 30HIMPOBAHNE, T€0e3NYEeCKIUE METOIBI, TIPO-
CTPaHCTBEHHBIN aHAIN3, METO/bI YIIPaBJICHHs 0a3aMy JaHHBIX U BU3yajau3anus JaHHbBIX U T.71. [3]. Haubonee pacmpo-
crpanennsie [ NC:

* ArcGIS: pa3paboranHas xkammanueir Esri, 3To omHa m3 Hanbojee MHPOKO HCMONB3yeMbIX mporpamm [MC
B Mupe. OH M3BECTEH CBOMM BCEOOBEMIIIOIIMM HaOOPOM MHCTPYMEHTOB M BO3MOMKHOCTEH JUIS aHalM3a MPOCTPaH-
CTBEHHBIX JIaHHBIX.

320



