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The study of anthropogenic causes of the deterioration of the state of small rivers is the first step
towards their conservation and restoration, improving the human environment as a whole. The aim
of the study is the fishery and environmental assessment of water quality of small rivers in the
Pripyat River basin (the area of right-bank tributaries in the middle part of the river) within the
Rivne region in the northern-west region of Ukraine. The initial data for the assessment have been
the results of monitoring (27 physical and chemical indicators) during 2010-2018.

The assessment by the integral ecological index (le) has shown that the rivers belonged to the Il
quality class in terms of average values and were characterized as ““clean” and ““clean enough”.
According to the worst values, the rivers belonged to the II-1I1 quality classes and were
characterized as ““fairly clean” — “slightly polluted” — “moderately polluted”. The best water
quality by the I index was established for the Zhabichi River within the urban-type settlement of
Demydivka. Water quality of the Ustia River below the runoff of the cities of Rivne and Zdolbuniv
has corresponded to 1V-V classes i.e. was "dirty" and "very dirty” (high content of phosphates,
nitrogen compounds, copper, manganese, and zinc). In terms of trophic state, the water of the rivers
is mesotrophic (according to average values) and eutrophic (according to the worst values), except
for the part of the Ustia River below the runoff of the city of Rivne, where the water is polytrophic.
The rivers have failed to meet water quality standards for fishery water use by COD, BODs, and
heavy metals content (Cu, Mn, Fe, Zn).
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1. Introduction

The state of small rivers, as the most
vulnerable part of the river system, fully
reflects all the environmental problems of
Ukraine and the state of their solution, or
rather, the absence of such.

The deterioration of surface water
quality due to pollution is one of the
manifestations of the global water crisis, and
water blindness in general (Clarke, 1991).
Reservoirs and watercourses, including small
rivers, are subject to intense pollution by
wastewater from enterprises, dumping of
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household waste, silted up as a result of
plowing the floodplain and slopes of the river
valley, deforestation, drainage of some
wetlands and parts of them, or entire wetland
complexes for agricultural needs in Europe
and certain regions. All these factors lead to
biodiversity decrease, a reduction in the self-
purification ability of rivers, and a loss of
water quality (Smith, 2003; Water and
agriculture, 2020; UN, 2022).

Ukrainian scientists have been studying
the water quality and ecological condition of
the Pripyat tributaries for years (Romanenko
et al, 2004, Hopchak, 2018; Tolochyk,
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Volodymyrets, 2018, Khilchevskyi et al.,
2021, Fedoniuk et al, 2021).

The aim of the study was the fishery
and environmental assessment of the water
quality of small rivers of the Pripyat River
basin within the Rivne region of Ukraine.

The establishment for the reasons of
surface water quality deterioration is the first
stage on the way to recovery and to the
improvement of the human environment as a
whole. Finding out the anthropogenic causes
of negative changes in water quality and their
elimination (Trach et al, 2021), in addition to
the actual water protection value, will ensure
the preservation of vulnerable aquatic
organisms (Moshynskyi, Solodka, 2018,
Klymenko et al, 2018, Fedonyuk et al, 2020,
Grokhovska, Konontsev, 2020).

2. Materials and Methods

The objects of the study were small
rivers in the Pripyat River basin in the north-
western part of Ukraine (within the area of
right-bank tributaries in the middle part of the
river) within the 16th European ecoregion by
the Water Framework Directive (2000). The
rivers belong to the group of lowland rivers.
Hydrochemical studies were carried out at 33
control sites located in the Rivne Oblast
(region) (Fig. 1).

Water quality analysis and assessment.
The initial data for the assessment were the
results of monitoring (27 physical and
chemical indicators) provided by the
analytical control department of the State
Department for Environmental Protection in
Rivne Oblast. Monitoring data for 2010-2018
were analyzed. Surface water quality

BOJIA 13/IOPOB'SI

ISSN 2218-9300

indicators (mineralization, pH, the content of
chlorides, sulfates, ammonium nitrogen,
nitrate and nitrite nitrogen, phosphorus
phosphates, dissolved oxygen, chemical
oxygen demand (COD), biochemical oxygen
demand (BOD:s), Fe, Cu, Zn, Mg, Mn, Ca, Ni,
total chromium, phenols, petroleum products,
etc) were determined in accordance with the
current governing normative documents.
Water quality and the aquatic
environment state were evaluated according
to the environmental assessment of surface
water quality by the relevant categories
(Romanenko et al, 1998) (the aggregation of
indicators into indices), the quantitative
generalization of which is the integral
ecological index (le), which was set by three
blocks indices according to formula (1):

Ie:|1+|2+|3, (1)

3
where 11 — index of indicators of salt
composition; 1> — index of trophic and

saprobic indicators (ecological and sanitary);
I3 — index of indicators of specific toxic
substances.

The water quality indices were
determined by average and the worst values.

Compliance  with  water  quality
standards for fishery water use was
established by the formula (2):

G, G G G g

MPC, MPC, MPC, MPC,

where Ci1, C2, Cs... Cy — concentrations of
selected substances (water quality
parameters); MPCy, MPC;, MPCs... MPC, —
maximum permissible concentrations (water
quality criteria for freshwater fish habitat).
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Fig. 1. The Rivne Oblast (region): sampling sites on small rivers
Stohid (1), Prostyr (2), Berezhanka (3, 4), Zamchysko (5-10), Stubla/Stubelka (11,12), Ustia (13-
22), Vilia (23), Putylivka (24, 25), Buniv (26, 27), Zhabichi (28, 29), Slonivka (30, 31), Korchyk
(32, 33)
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3. Results and Discussion

The water of the Stokhid and Prostyr
rivers was “clean” by average values, or
“slightly polluted” by the worst (table 1),
which were the content of copper and COD
(5" category). The water of the Stokhid River
contains a relatively low amount of dissolved
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oxygen and an excessive concentration of
organic matter, as evidenced by the high COD
and BODs values - 1.9 and 1.3 MPC,
respectively. On the Prostrir River, the
maximum values were recorded also for the
copper content — 11.3 MPC, followed by
manganese (2.4 MPC) and iron (2.0 MPC).

Table 1. The small rivers water quality assessment by the fishery requirements (by exceeding
MPC) and environmental classification (by ecological index I¢)

. I Water quality Degree of cleanness (pollution)
Rivers %:C%/IPC' ? class|category by class by category
B a. | w. |a.|w.[a | w. | a W. a. W.
Stohid 25.9 2.3 | 3.7 (II|III| 2 | 4 [lean| polluted | clean | slightly polluted
Prostyr 24.5 1.9 3.7 |II|III| 2 | 4 (lean| polluted | clean | slightly polluted
I 2.3-13.3- | |1I- clean- fairly clean- slightly
Zhabichi | 25.4-30.6 2440 II I 2 | 3-4 clean polluted clean polluted
clean-| .
Slonivka | 27.1-160.5 2.2-14.3 IT|III [2-3 | 4-5 clean| polluted | fairly slightly polluted -
2.8 | 5.0 moderately polluted
clean
i 2.6 -|4.7 - fairly
Buniv 64.7-68.4 30| 5.0 1| 3 | 5 flean| polluted clean moderately polluted
clean-
2.2-4.3- lightl luted -
Ustia 24.5-63.1 3 ] 111{2-3 | 4-5 clean| polluted | fairly slightly polluted
31|47 moderately polluted
clean
Korchyk | 51.6-53.4 |27 | 43 |u{mi| 3 | 4 ktean| poliuted | ™Y | slightly polluted
y ' 128 P clean gty p
Stubla 38.9-52.9 2234 3;70 II{III| 2 | 4 f[clean| polluted | clean | slightly polluted
Vilia 49.4 24 | 4.3 [II|III| 2 | 4 [clean| polluted | clean | slightly polluted
Putylivka | 33.7-35.1 | 2.4 | 4.0 [II|III| 2 | 4 ([lean| polluted | clean | slightly polluted
Berezhanka| 35.5-63.5 23% A7 I 3 | 5 [clean| polluted :12?: moderately polluted
2.6-14.3 - fairl lightl luted -
Zamchisko |54.0 - 164.9 y 3 [ 11| 3 |4-5 iclean| polluted airly | slightly polluted
3.2 (5.0 clean [moderately polluted

Note: a. — assessment by average values; w. — assessment by the worst values.

The water of the Zhabichi River within
the urban-type settlement of Demydivka
above the discharge from the treatment
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facilities of the Communal Services
Department has had the best quality by the le
index (by the worst values) among the studied
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watercourses of the Pripyat River basin. The COD. Of the block of specific criteria for
maximum excess of water quality standards toxic effects, the worst indicators were the
for fish was recorded in terms of the heavy content of copper (4"-6" categories in all
metals content — copper (up to 14.5 MPC), sites), fluorides (5" category in two sites), and
manganese (up to 3.5 MPC), and iron (up to zinc (5™ category in one).
2.7 MPC). Downstream of the cities of Zdolbuniv
The Buniv River water quality does not (industrial center, population over 24,000)
meet the fishery requirements for eight and Rivne (the administrative center of Rivne
indicators near the discharge of Rokytne Oblast, population over 243,000), where
Glassworks. The worst indicator is copper under-treated wastewater enters the Ustia
content (20-24 MPCs). river, the excess of the quality criteria for
The water of small rivers of the Horyn freshwater fish habitat for 8-10 indicators was
River basin is of different quality. It was recorded. There were high concentrations of
worst in the Ustia River, which in terms of the nitrites, copper, manganese, and zinc; all
trophic state is mesotrophic and eutrophic, these toxic substances are able to
except for the part below the city of Rivne, bioaccumulate, which creates significant
where the water is polytrophic. This is the threats to the existence of ichthyofauna and
worst trophic state characteristic in the study leads to a non-compliance of fish products
region — the 5"-7"" categories were established with sanitary and hygienic standards (fig.2).

by nitrogen compounds, phosphates, and
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Fig. 2. Assessment of surface water quality of the Ustia River: (A) — by the integral ecological index
(le); (B) — by the water quality criteria for freshwater fish habitat (MPCs exceeding)

In terms of the trophic state, the COD and BODs was recorded within the city
Zamchisko River is mesotrophic (according to of Kostopil below the discharge from the
average values) and eutrophic (according to sewage treatment plants of the communal
the worst values). At all sites, there is an services - 2.2 and 3.7 MPC units, respectively.
excess of water quality standards for fish by The worst water quality category of the
COD, BODs, copper, iron, zinc, and Viliya River was established by the copper
manganese. The maximum excess in terms of content (6" category), nitrates, and COD (5"
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category). An excess of MPC was observed
for six indicators (iron, manganese, copper,
zinc, COD, and BOD:s); the worst result — was
copper content (34 MPC).

The worst water quality category of the
Berezhanka River according to tropho-
saprobiological indicators was established by
the content of nitrogen nitrate and nitrite (7"
category), between toxic indicators — copper
and iron (6" category). There are significant
exceedances of fishery requirements — for six
to eight indicators, the highest of which were
copper (6-27 MPC) and iron (10-15 MPC).

The worst water quality category of the
Putylivka River was established by the nitrate
and nitrite content, COD (6" category). The
maximum exceedances of the water quality
indicators for fish of the river were recorded
in terms of copper content — 19 MPC.

The worst water quality indicators of
the Korchyk River were copper (6" category),
nitrites, and COD (5™ category). An excess of
the MPC was established for the following
indicators: COD, BODs, and the content of
copper, manganese, zinc, ammonium, and
nitrites. As in all water bodies of the region,
the greatest excess was recorded for the
concentration of copper — 28 and 32 MPC.
The high content of copper in the surface
waters of the region is due to natural factors -
deposits are located in Volyn and Rivne
Oblast copper ores (Rudenko et al, 2017).

The main source of pollution of small
rivers in the region is wastewaters of big
cities and settlements (Rivne, Zdolbuniv,
Kostopil, etc) which cause an increase in
mineralization, concentration of macro- and
microelements, and organic substances. In
addition, there are a large number of diffuse
sources of pollution: runoffs from urbanized
areas, agricultural lands, farms, livestock
complexes, summer cattle camps, etc.
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Anthropogenic eutrophication causes the
annual summer "blooming" of the water of
the Ustia River and the Basivkut reservoir in
the city of Rivne.

The concentration of heavy metals in
the water can be higher in the river section
above the place of discharge from the
treatment facilities in comparison with the
section below, for example, for the Zhabichi
river by 1.3-2.0 times. This can be explained
by the formation of complex compounds with
organic substances contained in municipal
wastewater. It is known that heavy metals are
capable of forming sufficiently strong
compounds with low mobility with organic
substances. In particular, the adsorption
capacities of sediments for heavy metals, and
toxic elements are arranged in the sequence:
Zn < Pb < Cu < Cr (Lin, Chen, 1998).

4. Conclusions

The assessment of surface water quality
of the small rivers in the Pripyat River basin
in the Rivne region of Ukraine according to
the le index has shown that the rivers belong
to the Il quality class in terms of average
values and are characterized as “clean” and
“clean enough”. According to the worst
values, the rivers belong to the I1-111 quality
classes and are characterized as “fairly clean”
— “slightly polluted” — “moderately polluted”.
The best water quality by the le index has
been established for the Zhabichi River. In
terms of trophic, the water of the rivers is
mesotrophic (according to average values)
and eutrophic (according to the worst values),
except for the part of the Ustia River below
the city of Rivne, where the water is
polytrophic. Most often, the 7" category of
water quality (very dirty) was set by the
content of phosphates, less often — nitrogen
compounds. The worst criterion among the
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block of specific toxic substances (7'
category) has been the high concentration of
copper.

All the rivers have failed to meet the
water quality criteria for freshwater fish habitat
by indicators of chemical oxygen demand
(COD), biochemical oxygen demand BOD:s,
and the heavy metals content (Cu, Mn, Fe, Zn).
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SIKICTh BOJAU MAJIUX PIYOK BACEMHY IPUIT'STI:
EKOJIOI'TYHA TA PUBOT'OCIIOJAPCBKA OLITHKA

FO. P. I'poxoscvka®, C. B. Kononyes !
'Harionansuuit yHiBepcuTeT BOIHOIO rOCIOAAPCTBA Ta MPUPOIOKOPUCTYBaHHs, PiBHe, Ykpaina,

y.r.grokhovska@nuwm.edu.ua, s.v.konontsev@nuwm.edu.ua

Hocniooicennuss anmpono2eHHUxX NpuyuH NOZIPUIEHHS CMAHY MAIUX PiYOK € nepuium emanom Ha
waaxy ix 30epedcens ma 6i0OHOGNEHHS, NOKPAWEHHS Cepedosuwa iCHY8aHHs TOOUHU 6 YLIOMY.
Memoio Oocniodcents € puboecocnooapcbka ma eKolo2iuHA OYIHKA SKOCMI 800U MANUX PIuoK
baceiiny p. Ipun’smo (OiisiHKa npasobepes’cHux NPumoK y cepeoHill YACMmUuHi piuKu) y Mexcax
Pignencoroi oonacmi y nigHiuno-3axionomy pecioni Ykpainu. Buxionumu OaHumu 015 OYiHKu Cmanu
pesyrvmamu monimopuney (27 ¢izuxo-ximiunux noxasznuxie) enpoodosac 2010-2018 poxis.

Oyinka 3a inmeepanvhum exonoeiunum inoexcom (l.) noxazana, wo piuku 3a cepeOHiMu
3HaYeHHAMU 8i0HOCAMbCA 00 11 Knacy akocmi ma xapakmepusyromuscs K K4Ucmi» ma <00Cmamubo
yucmi». 3a  Haueipwumu 3HauewHAMUu piyku Hanexcaiu oo II-IIl  kaacie axocmi ma
Xapakmepu3zy8anucs K €O0CMAMHbO YUCMI» — KCAAOKO 3a0pYOHEHI» — KNOMIPHO 3a0pyOHeHI.
Hauikpawa sikicms 600u 3a inoexcom 1. ecmanoenena ons piuku Kabuui 6 medsxcax cenuuja micbkoeo
muny /J{emuoiexa. Axicms 600u piuxu Ycems Hudxcue cmoky micm Piene ma 30010ynis ionosioana
IV-V knacam, moomo 6yra «6pyonoio» ma «oysce 6pyonoio» (niosuwenutl emicm gocgamis,
CHONYK azomy, Mioi, mapeanyio ma yuHky). 3a mpoguicmio éoda piuok € mezompogmnor (3a
cepeOHiMU 3HaYeHHAMU) ma esmpoduoro (3a HatlZipuumMy 3HAYEeHHAMU), 30 BUHAMKOM YACMUHU .
Yems nuoicue cmoxis m. Pisne, 0e 600u piuku noaimpoghui.

Piuku ne sionogioaroms Hopmam AKocmi 600u 01 pubo2ocnooapcbKo20 B000KOPUCTYBAHHSL
(I IKpus) 3a XTIK, BIIKs ma emicmom eéasxckux memanie (Cu, Mn, Fe, Zn).

Kniouoei cnosa: mani piuku, monimopune, Ilpun’ asme, mpogiunuii cman, aKicms n08epxXHe8Ux 600
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