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The research results of spatial-temporal eutrophication the Dnieper River coastal areas within of the Kiev city during
2017-2018 whit using the fluorescence methods, facilities of satellite channel Landsat 8 and the applied computer program
ArcGis 10.4.1 are presented. The flowering maximum intensity of the water surface in August was revealed, which is typical mainly
for the places of water discharge from industrial enterprises. Water surface bloom maximum intensity in August was revealed, which
is typical mainly for the places of water discharge from industrial enterprises. Obtained data using, chlorophyll-a concentration from
the satellite channel Landsat 8 showed a high correlation of 0,87 (p<0,05) with the data measured by the fluorometric method, which
indicates prospectively of the satellite channel use for accuracy evaluation improve of the trophical condition Dnieper’s and other rivers
of Ukraine, especially in areas that are difficult to reach or where military operations take place. Key words: eutrophication, trophic
state in rivers, chlorophyll, Landsat 8, multispectral images, ArcGis.

OuninoBanns esrpodikanii piuku Jninpo B Mexkax micra Kuesa i3 3acrocyBannsim 3aco0iB ArcGis 10.4.1 Ta Landsat 8.
Jlanura 1.B. HaBeneno pe3ynbraTé TOCITiIKESHHS TPOCTOPOBO-4acOBOi eBTpOdiKalii MpuOepeHUX MUITHOK piuku JIHINIPO B Mexax
micta Kuesa Brpomosx 2017-2018 pokiB i3 3acTocyBaHHSIM METOLIB (yopomeTpii, 3ac00iB cymyTHHKOBOTO kaHamy Landsat 8 ta
npukiaagHoi komi rorepHoi nporpamu ArcGis 10.4.1. BusBieHo MakcUMalbHy iHTEHCHBHICTb I[BITIHHSI BOJHOI MOBEPXHi B CEpIIHi,
XapakTepHy MepPeBa)KHO IJIsl MiCIlb HA/IXOUKEHHS CTIYHHX BOJ i3 TPOMUCIIOBHX HiIIIPHEMCTB. BUKOPHCTaHHS OTPHMaHUX TaHUX KOH-
neHTpanii xopodiny-a i3 cymyTHrKoBoro kaHary Landsat 8 moxasano Bucoky ix xopestiro (0,87 (p<0,05)) 3 manuMu, mo BUMipsHI
MeTonoM (pryopoMeTpii, 10 BKa3ye Ha MEPCHEKTHBHICTh BUKOPUCTAHHS 3aC00IB CYIMYTHHKOBOTO KaHAYy IS MiABHUIIEHHS TOYHOCTI
owiHIOBaHHs TpodidHoro crany JlHinpa Ta iHIUX pivoK B YKpaiHi, 0COOINBO y BAXKKOJOCTYITHHUX paiioHax abo TaM, Ae 3IiHCHIOIThCS
6oiioBi aii. Kiouosi cnosa: esrpodikanis, Tpodiuauil ctaH piuky, xiaopodin, Landsat 8, mynerucnekrpanbHi 300pakenHs, ArcGis.

OnennBanue 38TpoduKkanuu pexu [IHenp B npeaejaax ropoaa Kuesa ¢ npumenennem cpeacrs ArcGis 10.4.1 u Landsat 8.
Jlansira U.B. [IpuBeneHs! pe3ynsTaTsl HCCIEIOBAHNUS IPOCTPAHCTBEHHO-BPEMEHHON SBTPOQHKAINY NPUOPEKHBIX TEPPUTOPHI PEKH
Juenp B npenenax ropoxa Kuesa Ha nmpotsokernn 2017-2018 ronoB ¢ mpuMeHEHHEM METOIOB (IyOpeCUeHIINH, CPEACTB CITy THHKO-
Boro kaHana Landsat 8 n npuknagHoi komnbroTepHoit mporpammsl ArcGis 10.4.1. BbisBieHa MakcUMaibHasi HHTEHCHBHOCTD 1{BETeE-
HHS BOJTHOH IIOBEPXHOCTH B aBTYCT€, XapaKTepHasi B OCHOBHOM ISl MECT IIOCTYIIIIEHUSI CTOYHBIX BOJ| C IPOMBIIITIEHHBIX IPEANPHATUH.
Vcnionp30BaHMe MOTyYeHHBIX JaHHBIX KOHIIEHTPAIMH XJIOPO(HIIIa-a Co CIyTHUKOBOTO KaHana Landsat 8 mokasano BEICOKYIO HX KOp-
pemsuro (0,87 (p<0,05)) ¢ naHHBIMHU, U3MEPEHHBIMU METOAOM (PITyOpPOMETPHUH, YTO YKA3bIBAECT HA MEPCIIEKTHBHOCThH UCTIOIB30BAHUS
CPEJICTB CITyTHUKOBOIO KaHaja Ul MOBBIIIEHUS] TOYHOCTH OLEHUBAHHS TPOPUUECKOro COCTOAHUA JIHenpa u Apyrux pek YKpauHbI,
0COOEHHO B TSDKEJIO IOCTYIHBIX paiioHax 1100 TaM, Iie OCYLIECTBIAIOTCA O0eBble AeHCTBHA. Kouesbie criosa: 3BTpodUKanus, Tpo-
¢budeckoe cocrosiHuEe peku, xnopoduiul, Landsat 8, mynasrucnekrpanbHble n300paxenus, ArcGis.

Problem statement. Eutrophication is one of the
pressing environmental problems that covers lakes, rivers
and seas around the world and is accompanied by flow-
ering and deterioration water quality [1]. The results of
numerous studies provided grounds to believe that this is
due to an increase in the amount of blue-green algae due
to an increase the amount of phosphorus, nitrogen and
other pollutants with which wastewater is enriched, espe-
cially near large industrial cities and agricultural lands
[2]. This problem is also current for the Dnieper River.

Currently, in the many of environmental projects
aimed at studying and solving the problem of river
eutrophication, traditional methods of mathematical
modeling are used: the nutrient load model [3], the
ecological model of phytoplankton [4; 5], the dynamic
model [6-8] and others.

The construction of such models is carried out on
the data obtained basis by direct sampling of water at
specialized observation stations and at other selected
places (points) of river. The impossibility of simultane-
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ous measurement of the studied indicators of the entire
points set on a large area of the river leads to the problem
of the accuracy of monitoring, further calculations, gen-
eralizations and, accordingly, decision making. The use
of efficient satellite and computer automation tools for
assessing the ecological status of water resources, along
with traditional methods of environmental monitoring,
will help improve the accuracy of monitoring and the
implementation of priority areas of environmental man-
agement activities of the Ukraine Government, in par-
ticular, improving the ecological status of the Dnieper
River, which share about 80% [9].

Research relevance is the need in introduce auto-
mated methods to improve the evaluation accuracy of
the condition and spatial-temporal tendency eutroph-
ication of the Dnieper coastal areas within the city of
Kyiv, that will contribute to the realization of tasks the
International program of Global Climate Observing
System (GCOS), in particular, of the implementation
activities of automation methods and improving the
water condition resources assessment accuracy.

Relation of author’s rework with important sci-
entific and practical tasks. The study results, disclosed
in the article, reflect the current trend in the Dnieper
River eutrophication, as well as expanding representa-
tion of possibilities of using satellite and computer auto-
mation tools to improve the accuracy of estimating the
trophic state and to study other rivers. The complexly
use traditional method fluorescence and modern satellite
facilities with computer software Arc GIS 10.4.1 con-
tributes not only to solving the accuracy of the trophic
state assessment of the rivers studied, but also to imple-
ment the state concept of the national ecological Ukraine
policy for the period up to 2020. In particular, this can
contribute to improving the efficiency of environmental
activities, which includes not only the implementation
of relevant event, but also the use of effective methods
for automating the assessment of the water resources
ecological status of rivers.

Analysis of recent research and publications.
Analysis of the recent studies results and publications
showed, that increasing the intensity of eutrophication
water bodies is a global problem. The need to improve
the water resources quality is emphasized in many scien-
tific papers [10; 11], in particular Clarc at. al. [12] brings
examples of the documented deterioration of water
quality in water bodies on every continent such as the
Baltic Sea in Europe [13], Lake Victoria in Africa [14],
Lake Taihu in Asia [15], Lake Erie in North America
[16], Murray River in Australia [17], several reservoirs
in South America [18], and even Antarctica [19]. This
problem is also current for the Dnieper river reservoirs
[20]. The solution of this problem largely depends on
the measured data accuracy, therefore, to improve for
accuracy of predicting the chlorophyll a (Chl-a) in water
concentration, it is offered mandatory to build models
[21] based on the integrated use a not only of labora-
tory data, but also satellite data. Such an approach will

contribute to solving the tasks of the Global Climate
Observing System, in particular, unlocking the using
potential of satellite facilities to improve for monitoring
water resources accuracy [22].

Highlight of the earlier unresolved parts of the
general problem, to which the article is devoted. One
from urgent problems Dnieper River ecological status
of the within Kyiv is the deterioration of water quality
due to an increase in the number of blue-green algae.
The solution to this problem, usually, provides for man-
datory monitoring of the chlorophyll concentration in
water. When using only traditional fluorometry method
with direct water sampling in separate selected river
points, the problem of the measured data accuracy and
distribution of this sample values to entire river points
set remains unresolved, which reduces the evaluations'
accuracy trophic state of the river accordingly.

Based from above, the purpose of this work was to
identify the trend of spatio-temporal eutrophication of
the Dnieper River coastal sections within of the city
Kyiv using the fluorometry traditional method, as well
as the satellite channel Landsat 8 and the application
program ArcGis 10.4.1.

Researches originality lies in the integrated appli-
cation methods of fluorometry, computerized facilities
of ArcGis 10.4.1 and the satellite channel Landsat 8
to improve the evaluation accuracy of the condition
and spatial-temporal tendency of the Dnieper river
eutrophication within of the city Kyiv, with order of
assistances the strategies development for the resto-
ration of water resources in conditions of increasing
anthropogenic load.

Methodological or general scientific value. The
methodological or general scientific value consists in
disclosing the advantages of the simultaneous integrated
use of satellite channel Landsat 8 facilities, geographic
information systems and the traditional of fluorimeter
method for evaluating the Dnieper River eutrophication
within of the city Kyiv. The active use of traditional and
modern satellite channel facilities and ArcGIS tools will
contribute to improving the environmental monitoring
system, improving the accuracy of assessing the trophic
condition of river water resources in industrial cities, as
well as integrating EU environmental requirements into
the state environmental policy of Ukraine.

Materials and methods. In the within city of Kieyv,
during April — October 2016-2017, the eutrophication
of the Dnieper river was investigated from indicator of
the biomass of blue-green and green algae in the surface
layer of the aquatic environment. Quantitative values of
the algae biomass were determined by two methods from
the concentration of Chl-a in water. In the first method,
as in our other experiments [23; 24], a “SpectroVis
Plus” fluorometer (Vernier, USA) was used with such a
sequence of actions. Water samples were taken at arbi-
trarily selected points (with GPS coordinates fixation) at
a distance of 0,5-5,0 m from the coast and filtered with
a vacuum pump in a vacuum of 45 GPa.
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With the target of prevent Chl-a destruction, before
filtering of solution, the filters were treated with a sus-
pension of MgCO,, prepared by adding 1g of milled
MgCO, to 100 ml of distilled water. To extract the pig-
ments, the filter with the precipitate was placed in a glass
test tube, filled with 90% acetone solution to a volume
of 10 ml and kept for 10—15 minutes in the dark at a
temperature of +21°C. Thereafter, the extract was cen-
trifuged for 10 minutes at 4000 rpm. The resulting clear
extract was poured into fluorometry cuvettes. The opti-
cal density of the chlorophyll extract and control solu-
tion (90% acetone) in the cuvettes was measured with
a fluorometer at wavelengths of 430, 664, 647, 630 nm
[25]. Based on the optical density measured values of

-
s
L
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o

extract, the Chl-a concentration was calculated by the
formula [26]:

Chl-a = 11.85(0D 664) — 1.54(0D 647) —
0.08(OD 630).

In the second method, with tools of “Landsat 8” sat-
ellite channel United State Geological Survey (USGS)
obtained multispectral cartographic digitized images
of the studied river sites. From the aggregate of the
obtained graphic files only formats were used, in which
the pixels’ color hues are capable of displaying the
Chl-a concentration at each point studied. These are files
with the spectra “Green (B3)” and “NIR (B5)”, based
on which, using a tool “Raster Calculator” in program

Fig. 1. Changes in TSI Chl-a on the surface of the Dnieper River within the city of Kyiv:
A, B —in April, August (2017) C, D — in April, August (2018) (used thermographic images
from Landsat 8 satellite channel, USGS)
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ArcGIS 10.4.1 was calculated for each pixel the values
Normalized Difference Water Index (NDWI) [27]:

NDWI = (Green — NIR) / (Green + NIR).

The pixel index NDWI values calculated of the were
stored for subsequent analysis in tabular form in an elec-
tronic database.

Based on the data, obtained by the two methods
mentioned above, the type of Dnieper river trophic state
within the city of Kyiv was determined. Eutrophication
was assessed with using threshold values, which was
determined for trophical states index (TSI) by Carlson
for water objects. For this used the formula [28]:

TSI Chl-a = 10 (6 — ((2,04 — (0,68 In (Chl-a)) / 1g 2)),

compared them with the TSI scale [28]. On this scale,
the trophic condition was considered oligotrophic, with
concentration < 2 pg/L, mesotrophic from 2 to 7pg/L,
eutrophic from 7 to 30pug/L, hypertrotrophic at >30 ug/L.
The pigment index (PI) calculated by the formula [25]:

PI=0D 430/ OD 664.

Statistical  indicators processed  using
Statistica 12.0.

Statement of the main material. The indicator role
of phytoplankton is determined not only by the pres-

ence or absence of certain species in the reservoir, but

were

also by the indicators of their quantitative development.
The identification of phytoplankton quantitative indica-
tors allows us to predict its development and possible
tendency trophic state of water body. Among the meth-
ods of obtaining quantitative phytoplankton indicators,
the greatest interest determination volume of pigments
in him. The main for quantitative content in phyto-
plankton cells and the most the best indicator him of
photosynthetic activity considering Chl-a, since it is a
component of all plant cells, in unlike to chlorophylls
b and c. According values pigment index it is possible
to determine the phytoplankton aging intensity and the
level of reservoir pollution [25].

In our study, for the period 2017-2018 from April
to September, significant differences were found
in the dynamics of TSI Chl-a in the Dnieper River.
In particular, the minimum values of this indicator,
respectively, 1,81 and 2,49 pg/L were recorded in
the spring, when the flow river speed was increased
due to the inflow of significant volumes of water as
a snow melting result. The maximum values of the
indicator, respectively, 64,17 and 76,34 pg/L, covered
August, when the flow river speed and water level in
the river decreased.

A similar pattern of increasing the TSI Chl-a in
the summer period was also found earlier in the res-

iy

Fig. 2. View of water surface at individual points of wastewater discharge into the Dnieper River within the city of Kyiv:
A, B—in August (2017) C, D — in August (2018)
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Fig. 3. The TSI Chl-a indicator dynamics in the surface layer
of the Dnieper River within the city of Kiev during 2017-2018
(used “SpectroVis Plus” fluorometer, Vernier, USA)

ervoirs of the Dnieper cascade, in particular, in the
work of Pichura [20] it was shown that the maximum
values of this indicator occurred in August and changed
within the Kyiv reservoir 1,0-15,1 pg/dm?®, Kanevsky
0,2-17,3 pupg/dm’, Kremenchug 0,5-31,7 pg/dm?,
Dneprodzerzhinsky 0,5-17,5 pg/dm?, Dniprovsky
0,5-18,2 pg/dm*® and Kakhovsky 0,4-17,4 pg/dm?.
Based on the available data, an increase in Chl-a
concentration in the summer period can be consid-
ered characteristic for the Dnieper River. In this
regard, the assumption of the relationship the TSI
Chl-a is to the temperature and water pollution
intensity may be true.

The results of our study showed that the flowering
maximum intensity of the water surface in the Dnieper
River within Kyiv was in August (Fig. 1). This was par-
ticularly especially manifested in the 25-meter coastal
zone, where under conditions of exposure to elevated
air temperature, the water warmed up more compared
to the deep-sea areas.

In particular, during the years 2017-2018, in August,
TSI Chl-a in shallow and stagnant water sampling sites
from the Dnieper River (Fig. 2) was 1,3 and 1,6 times
higher, respectively, compared to non-stagnant areas,
where the temperature of the surface water layer was
below. Within the sites where industrial wastewater was
discharged into the Dnieper River in 2017, TSI Chl-a
averaged 78,47 pg/L, and in 2018 this index reached
96,92 ng/L, which is 26,9% higher compared to areas
remote from them (Fig. 3).

A Revealed significant increase of TSI Chl-a in
places of industrial wastewater discharge during 2017
(Fig. 2A, B) and 2018 (Fig. 2 C, D) in the Dnieper
River, compared to places remote from them, indicates
the presence of links between increasing the intensity of
water pollution and the nutrients' accumulation in water.

The pigment index like TSI Chl-a, also changed, the
average value of which in 2018 was 8,1% higher than
the previous year.

The measuring TSI Chl-a in the Dnieper within the
city of Kyiv showed that the satellite images data dif-
fered slightly from indicators obtained by the fluorom-
eter directly, as indicated by the calculated correlation
coefficient of 0,87 (p<0,05).

Conclusions. Based on the results of the study, we
believe, that there are no enough convincing facts, that
indicate the catastrophic state of the Dnieper River,
however, the tendency of increasing Chl-a concentration
in water detected, within boundaries of Kyiv can in a
short time may result to a significant acceleration of the
river eutrophication. The integrated use of ground-based
measuring instruments and satellite channels in ecolog-
ical studies will help improve the monitoring accuracy
the trophic status of the Dnieper River, the effectiveness
of decision-making, aimed at preventing deterioration
of water quality, and will also contribute solution tasks of
the International Program of Global Climate Observing
System in particular, of ensure methods for assessing
threats to aquatic ecosystems.

Prospects of using research results. We believe,
that the study results can be used to create environmental
projects aimed at improving the condition of the Dnieper
River, as well as to improve the accuracy of monitor-
ing eutrophication and other natural water objects of
Ukraine. The integrated use of the ArcGIS 10.4.1 com-
puter program and the Landsat 8 satellite channel allows
remotely identifying tendency and patterns in the trophic
development of water bodies not only within the city of
Kiev, but also in any other region of Ukraine, which is
actual for hard-to-reach areas, especially which where
are the fighting action. In addition, the computerized
GIS tools active use in practice will contribute to the
improvement of nationwide strategies for the develop-
ment of environmental reforms and solving the tasks of
the International climate observation program of Global
Climate Observing System.
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