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ENVIRONMENTAL ASSESSMENT OF THE SURFACE WATER CONDITION OF THE
DNIPRO RIVER FROM THE WATER SUPPLY AREAS OF ZAPORIZHZHIA CITY
FOR SELECTED INDICATORS OF THE SALT COMPOSITION BLOCK

Environmental assessment of current state of the Dnieper surface water from Zaporozhye
areas water abstractions based on land surface water quality qualification by salt composition is car-
ried out. Quality degradation of the Dnieper surface water by ion composition is discovered with
analysis. Ecological condition of the surface water is defines as "mediocre” and level of contamina-
tion is characterized as mildly polluted”.
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Problem statement, actual scientific researches and issues analysis

One of the important problems in the field of protection and rational use of water resources is
development of effective methods for assessing the anthropogenic load on surface water bodies in
order to ensure the sustainable functioning of aquatic ecosystems, since under conditions of maintain-
ing a stable biotical cycle, the processes of self-restoration and self-purification of water can actively
occur [1, 2].

The most dangerous type of anthropogenic load on surface waters is their pollution with envi-
ronmentally hazardous chemicals that can disrupt self-purifying and bioproductive processes, lead to
profound changes in the structural and functional organization of the biotic component of aquatic eco-
systems. The main sources of water bodies pollution are wastewater discharge from enterprises of
various economy sectors, as well as domestic and agricultural wastewater, the component composition
of which is extremely diverse. Hundreds of thousands of chemicals get into water bodies, many of
which have toxic properties [3].

A serious environmental problem in the region is pollution of the Dnipro river. This problem
is particularly acute in Zaporizhzhia city. In Zaporizhzhia, Melitopol, Berdiansk cities, after many
years of service, in the absence of proper capital investments, the sewerage and water supply systems
are in an unsatisfactory technical condition. Water supply systems have low conveyance capacity and
got old. The storm water and sanitary sewer system is in poor condition, and the additional load on it
as a result of new construction can result with catastrophic consequences. Industrial acci-
dents/effusions, as well as accidents at sewage pumping stations, lead to regular violations of water
quality standards and endanger health of the population [4].

On the territory of Ukraine, river waters are predominantly of a carbonate class. The predomi-
nant ions of the salt composition of the Dnipro river and its water storage tanks are hydrocarbonate
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and Ca”, it means that water belongs to the hydrocarbonate class, calcium group of the second
type [5].

Among abiotic components that determine water quality, ionic composition is of great impor-
tance. The ionic composition of water is primarily influenced by natural factors. They create basic
mineralization and ionic composition of natural waters. Anthropogenic factors make certain changes
in the total mineralization and concentration ratios of individual ions, their influence can significantly
worsen the water quality. The general characteristics of the land surface waters in terms of salt compo-
sition is performed on the basis of the following key indicators: total mineralization, ratio of ions and
content of chlorides and sulfates [5, 6].

Chloride ions enter natural waters by dissolving chlorine-containing minerals and salt depo-
sits. A significant amount is transported by atmospheric way from the seas and oceans to continental
waters. According to experts, the influence of industrial and municipal wastewater on the flow of chlo-
ride ions into water bodies has recently increased. Chloride content in natural waters varies widely
(from fractions of a milligram to several grams per liter), which is caused by washing out of salt-
containing rocks or discharge of industrial and domestic wastewater into water bodies. Chlorides in
water over 350 mg/l gives it salty taste and leads to disorders of human digestive system [6].

Numerous studies connect the chemical (mineral) composition of water with the possibility of
developing mass diseases among the population. Assessment of the drinking water salt composition is
of particular importance. Influence of the total mineralization of water, or its total salt composition on
the human body is the most studied issue related to the problem of water supply. The limit of the drink-
ing water mineralization (solid residue) 1000 mg/l was established by organoleptic indicators. Waters
with a high salt content have a salty or bitter taste. The main part of the dry residue of fresh water is
composed of chlorides and sulfates. As it is known, these salts have a salty or bitter taste, that is the
basis for limiting their content in water at the level of sensation threshold: 350 mg/1 for chlorides and
500 mg/1 for sulfates. Experimental studies on laboratory animals and volunteers have shown that water
with increased mineralization affects the secretory activity of the stomach, disrupts the water-salt bal-
ance, resulting in a derangement of many metabolic and biochemical processes in the body [5, 6].

Thus, it should be stated that ecological assessment of the Dnipro river surface waters condi-
tion according to individual indicators of the salt composition block makes it possible to identify the
main water management and environmental problems and substantiate a system of recommendations
aimed at improving the ecological state of our main waterway.

Purpose Statement

Analysis and assessment of the ecological state of the surface waters of the Dnipro river from
the water supply areas of the Dnipro water supply stations No. 1 and No. 2 (DVS—1 and DVS—2)
(Zaporizhzhia city) in terms of salt composition block (sum of ions, sulfates and chlorides) within the
period of five years (2015-2019), by assessing the quality of waters under study according to the rele-
vant classes and categories, as well as the degree of anthropogenic pollution.

Statement of Basic Materials

Zaporizhzhia Municipal Enterprise “Vodokanal” prepares water of a drinking quality at the
Dnipro water supply stations No. 1 and No. 2 and transports it to consumers in Zaporizhzhia city, ur-
ban-type settlement Volniansk, urban-type settlement N. Mykolaivka and for a part of Zaporizhzhia
district (Bohatyrovo, Lezheno, Balabyne, Kushuhum villages). Water-intake and waste treatment facil-
ities of the Dnipro water supply station No. 1 are located on the left bank, the Dnipro water supply
station No. 2 is located on the right bank of the Dnipro river. The source of water supply is the Dnipro
river above the dam. Water intake is performed from different depths. Waterworks facilities consist of
blocks No. 1 and No. 2, each of them includes: a pumping station of the 1¥ rise (water intake from the
Dnipro river), water purification facilities and a pumping station of the 2™ rise, which provides water
supply to the city.

Let’s analyze the constant monitoring studies of water quality in the places of water intakes.
This information is provided by the structural divisions of the State Institution “Zaporizhzhia Regional
Laboratory Center of the Ministry of Health of Ukraine” [7, §].
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Fig. 1 illustrates the dynamics of the content of the sum of ions, chlorides and sulfates by av-
erage annual and maximum (worst) values in the surface waters of the Dnipro river from the water
intake area Dnipro water supply station No. 1 for a five-year period.
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Fig. 1. Dynamics of content of the sum of ions, chlorides and sulfates in the surface waters of
the Dnipro river from the area of water intake Dnipro water supply station No. 1

It is determined that the average annual and maximum values of the content of the sum of ions
in the surface waters of the Dnipro river from the water intake area Dnipro water supply station No. 1,
the quality of waters under study, within the ecological classification, throughout the five-year study
period, corresponded to quality class III and category 5 (Fig. 2).
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Fig. 2. Class and categories of surface water quality of the Dnipro river from the area of water
intake Dnipro water supply stations No. 1 according to the average annual values of the sum of ions

According to the average annual values of sulfate content in the surface waters of the Dnipro
river from the water intake area Dnipro water supply station No. 1, the quality of waters under study,
within the ecological classification, in 2015, 2016 and 2017 corresponded to quality class III and cate-
gory 4 (according to the condition “satisfactory”, according to purity level — “slightly contami-
nated”). In 2018—2019, the quality of waters under study in terms of the average annual content of
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sulfates improved and corresponded to quality class II and category 3 (according to the condition
“go0d”, in terms of purity — “fairly clean”). However, according to the maximum (worst) values,
during the entire five-year study period, no improvement in the quality of the waters under study was
detected. According to the maximum content of sulfates, the quality of surface waters of the Dnipro
river from the Dnipro water supply station No. 1 water intake area is defined in terms of condition as

“satisfactory”, “slightly contaminated” in terms of purity (III (4)). An illustration of the abovemen-
tioned analysis is provided in Fig. 3.
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Fig. 3. Class and categories of quality according to the content of sulfates in the surface waters
of the Dnipro river from the water intake area Dnipro water supply station No. 1: a — according to the
average annual values; b — according to the maximum values

Further, we analyze the ecological status of surface waters from the water intake area of the
station No. 2.

Fig. 4 illustrates the dynamics of the content of the sum of ions, chlorides and sulfates accord-
ing to the average annual and maximum values in the surface waters of the Dnipro river from the area
of water intake Dnipro water supply station No. 2 for a five-year period.
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Fig.4. Dynamics of the content of the sum of ions, chlorides and sulfates according to the av-
erage annual and maximum values in the surface waters of the Dnipro River from the area ofwater
intake Dnipro water supply station No. 2

It was determined that the average annual and maximum values of the content of the sum of
ions in the surface waters of the Dnipro river from the area of water intake Dnipro water supply station
No. 2, the quality of waters under study, within the ecological classification, almost throughout the
five-year research period, corresponded to quality class III and category 5 (according to the state “me-
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diocre”, according to the degree of purity — “moderately polluted”). Only in 2016 and 2018, accord-
ing to the average annual values, the third class and the 4th category of quality were determined (ac-
cording to the condition “satisfactory”, according to the degree of purity — “slightly polluted”). An
illustration of the abovementioned analysis is provided in Fig. 5.
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Fig. 5. Class and categories of surface water quality of the Dnipro River from the area ofwater
intake Dnipro water supply stations No. 2 according to the average annual values of the sum of ions
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Fig. 6. Class and categories of quality according to the content of sulfates in the surface waters
of the Dnipro river from the water intake area Dnipro water supply station No. 2: a — according to the
average annual values; b — according to the maximum values

According to the average annual and maximum values of chloride content, during the whole
five-year period of research, it corresponded to the quality class II and category 3 (according to the
condition “good”, according to the degree of purity — “quite pure”).

It is established that the quality of surface waters of the Dnipro river from the Dnipro water
supply station No. 2 water intake area, according to the average annual values of sulfate content, in
2015, 2016 and 2017 corresponded to quality class Il and category 3 (according to the condition
“good”, according to the degree of purity — “quite pure”). In 2018, deterioration of the quality of
water under study to the III class and 4 quality categories was recorded (according to the condition
“satisfactory”, according to the degree of purity — “slightly polluted”). In 2019, the quality of waters
under study improved and again corresponded to quality class II and category 3. According to the
maximum (worst) values, during the four research years (2015, 2016, 2017 and 2018), the water quali-
ty corresponded to quality class III and category 4 (according to the condition “satisfactory”, accord-
ing to the degree of purity — “slightly polluted”). In 2019, improvements to the quality class II and
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category 3 were revealed (according to the condition “good”, according to the degree of purity —
“quite clean”). An illustration of the abovementioned analysis is provided in Fig. 6.
Conclusions

Environmental condition of the surface waters of the Dnipro river from the water intake areas
of the Dnipro water supply stations No. 1 and No. 2 has been analyzed according to the indicators of
the salt composition block within the five-year period. The study was performed by means of assess-
ing the quality of surface water in relation to relevant classes and categories, as well as the degree of
anthropogenic pollution.

The results of ecological assessment of surface water quality make it possible to acknowledge
a rather stable ecological state of the studied surface waters according to individual indicators of the
salt composition block (sum of ions, chlorides and sulfates).

Considering the fact that almost 100% of drinking water supply in Zaporizhzhia city is pro-
vided by the waters of the Dnipro river, the problem of ensuring environmentally safe water quality
indicators of the main waterway of Ukraine comes to the fore. In order to improve the environmental
condition of the water resources of the Dnipro river basin, it is necessary to improve water protection
measures and strengthen control over the environmental condition to ensure ecological safety and
health of the population.
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Tpoiubka O.0., besokons K.B., Manigina €.A., Puxkkos B.TI.

Pedepar

O6oB’s3ku Ykpainn mono sumor COT, BUMararoTh HaJaro[KEHHS CUCTEMH KOHTPOJIO 3a
AKICTIO HaBKOJMIIHBOTO cepenoBuina. HaiiHeOe3meuHimmM pi3HOBHIIOM aHTPONOIeHHOrO HaBaHTa-
JKEHHS Ha TIOBEPXHEB1 BOMM € iX 3a0pyJHEHHS €KOJIOTTYHO HeOe3eYHUMHU XiMIYHIMHU PEYOBHHAMU, SIKi
30aTHI OPYLIyBaTH CaMOOYHMCHI Ta O10MPOAYKUiiHI MpoLecy, MPU3BOJUTH A0 TINOOKHX 3MIiH Y CTPYK-
TypHO-(PYHKITIOHAIBHIN OpraHi3allii 0i0THYHOI CKIa/10BOi BOMHUX ekocucTeM. OCHOBHUMH JDKEpEIaMu
3a0pyIHEHHSI BOTHUX 00 €KTIB € CKHIM CTIYHMX BOJ MiJIPHEMCTB PI3HUX raiy3eil eKOHOMIKH, a TAKOX
MOOYTOBi Ta CLTBCHKOrOCIIOAAPCHKI CTOKHM, KOMIOHEHTHUH CKJIAJ SKUX AyXKe pisHOMaHiTHHH. Cepiios-
HOIO €KOJIOTIYHOIO MPOOIEMOIO B PErioHi € 3a0pyaHeHHs Boau p. JHinpo. 3araibHi TOKa3HUKH SKOCT1
BOJIH, 0 SIKMX HaJeXaTb MOKa3HUKU OJOKY COJbOBOTO CKIIAY, XapaKTepU3YIOTh 3BUYaliHi BJIaCTHUBO-
CTi BOIHUX E€KOCHCTEM Ta IHTPEeNi€HTH, KOHUEHTpPAaLii SKUX MOXYTh 3MIHIOBATUCS i BITUBOM TOC-
MOJIAPCHKOI TISUTEHOCTI JTFOIWHHU.

Mera nocnigpkeHb — aHajli3 1 OliHKa eKOJIOTTYHOr0 CTaHy MOBEpXHEBUX BoA p. JHimpo, 3 pa-
HoHiB Bo03a0opiB JHinpoBchkux BomonpoBigHux cranmin Ne 1 ta Ne 2 (m. 3amopixoks), 3a HOKa3HHUKa-
MH OJIOKY CONBOBOrO CKJIagy (CyMOIO i0HIB, Cynb(ariB i XJOPUIiB) Ha MPOTA31 I’ SITUPIYHOTO HEepioxy
(2015—2019 pp.), NUIIXOM OIIIHKH SKOCTi JOCIITHUX BOJ 32 BiIIOBIIHUME KJIacaMH i KaTeropisimMu, a
TaKOX CTYIEHEM aHTPOIOTreHHOT O 3a0pyIHEHHS.

Pe3ynbpTaTé €KONMOTiYHOI OLIHKK SIKOCTI MOBEPXHEBUX Box p. JHINpo 3 paiioHiB BOH03a0OpiB
JBC-1 i IBC-2 3a 2015—2019 pp., 103BONIAIOTE KOHCTATYBaTH iX JHOCHUTH CTAOUIBHUN €KOJOTTYHUIN
CTaH 3a OKpPEMUMH TOKa3HUKaMH OJIOKY CONBbOBOro ckiaay. OnHaK, BpaxoBYIOUi OTPHMAaHI pe3yibTaTi
OIIIHKH EKOJIOT1YHOTO CTaHY JIOCIITHUX BOJ 32 CYMOIO 10HIB, € MiICTABH CTBEPDKYBATH, 1110 1S CTA0LIb-
HICTh BKa3ye Ha MOCTIMHUI aHTPOIOTeHHUI NMPECHHT Ha eKocucTeMy p. [HImpo B Mexax 3amopixoks.
MoXHa KOHCTaTyBaTH, 110 3HAYHE aHTPOIOTEHHE HABAHTa)KEHHsI, BXKe, MOPYIIIIO IPUPOAHY PiBHO-
Bary i 3HM3WJIO AKICTh AOCIIJHUX BOJ. BcTaHOBNEHa TeHAEHIIIs, BKa3ye Ha Te, 110 X04Ya y MPUPOTHO-
MY BOIHOMY CEpeIOBHII MOCTIHHO MPOXOIATh Pi3HOMAHITHI IPOLIECH CAMOOUYHNIIEHHS, iX e)eKTHBHO-
CTi, y 3B 513Ky 13 MMOCTIHHMUM POCTOM aHTPOIOr€HHOI'0 HABAHTAKEHHS Ha JOBKULIS, HEAOCTATHBO LIS
TOro, OO YHUKHYTU PO3BUTKY HEraTUBHUX IPOILECIB Y BOAHUX 00’ekTax. OTxe, 3HAUHUI BIUIUB Ha
COJNIBOBHUI CKJIaJ Ma€ CKUAAaHHS BUPOOHUYMX 1 MOOYTOBUX CTIYHMX BOJ, IO CIIPHUYMHSIE TI00aTbHHUI
XapakTep aHTPOIIOTEHHOT'O MPECHHTY HA TUHAMIKY BOAHO-CONBOBOIO peXuMy p. [Hinpo B cydacHuit
nepioz.

3 METOI0 MOKpAIEeHHs! eKOJIOTTYHOro CTaHy BOJHMUX pecypciB Oaceiny p. [Juinmpo HeoOxiaHe
BJOCKOHAJIEHHSI BOJOOXOPOHHMX 3aXOJiB i MOCHJIEHHS KOHTPOJIO 3a MOKAa3HUKAMHU SKOCTI BOIHU JJIst
3a0e3MevYeHHs eKOIOTiYHOT O€3MeKH 1 3I0POB’ I HACEICHHS.
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