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Abstract: The results of the study of the macrophytes of the rivers Turia, Vyzhivka and Tsyr, the right-bank tributaries
of the upper reaches of the Pripet River, are presented. The species composition of aquatic and coastal aquatic vascular
plants was investigated during the vegetation seasons of 2018 and 2019 at 9 observation points located along the rivers
from the source to the mouth. The most numerous species composition, 57 species, was found in the Turia River, 36 in
the Vyzhivka River, and 28 species were identified in the Tsyr River. The macrophyte index for rivers (Pol.:
makrofitowy indeks rzeczny –MIR) was determined from the results, and the ecological state of the rivers was assessed
according to the methodology of the macrophyte assessment of rivers (Pol.: makrofitowa metoda oceny rzek –
MMOR). The investigation showed that water quality in the Turia River on sites No. 1, 3 and 4 belongs to class III,
satisfactory category. The surface water quality on site No. 2 of the Turia River belongs to class II, a good category. The
water quality in the Vyzhivka River on all test sites belongs to class II, a good category, which testifies to favourable
ecological conditions for the development of higher aquatic plants along the whole course. The water quality in the
Tsyr River on test site No. 8 (Kamin-Kashyrskyi, upper course) corresponds to class II, good category. On test site No. 9
(middle course), the quality of surface waters of the Tsyr River worsens to the class III, satisfactory category.

Keywords: ecological condition of surface waters, macrophytes, macrophyte index, observation point, water quality
category

INTRODUCTION

The organisation of a system of research on the qualitative and
quantitative state of surface and groundwater in order to predict
the risks of the river ecosystem functioning is relevant [ODNORIH
et al. 2020]. Analysis of monitoring results allows to predict the
introduction of promising technologies for wastewater treatment
from biological contaminants [NYKYFOROV et al. 2016], heavy
metal contaminants [SAKALOVA et al. 2019а, 2019b], ammonium
ions [MALYOVANYY et al. 2013] and other hazardous pollutants.

In recent decades, monitoring and indication of the quality
of the environment using macrophytes has improved significantly
and gained official recognition. Phytoindication research is

included in the state system of ecological monitoring of many
countries of the world. The Water Framework Directive [Directive
2000/60/EC] ratified by Ukraine also provides methods of
biological monitoring [BOIARYN et al. 2019; KLYMENKO et al. 2005].

Phytoindication methods have been used in EU countries
for quite a long time. For instance, the mean trophic rank (MTR)
system is widespread in the United Kingdom, which includes 128
species of macrophytes, among which the main ones are higher
plants, mosses and algae are less represented. This technique is
used in many European countries (Poland, Spain, the Czech
Republic, etc.). The MTR methodology is used in scientific
research for many years, and the river nutrient macrophyte index
system [WILLBY 2012] has also been used in macrophyte
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monitoring in the UK since 2008 [CIECIERSKA et al. 2001;
KOROBKOVA 2018].

The river monitoring and assessment of the ecological status
of surface waters in EU is governed by the EU Water Framework
Directive [Directive 2000/60/EC]. The studies in France use the
macrophyte biological index for rivers (Fr.: indice biologique
macrophytique riviere – IBMR) methodology which combines
two calculated bioindicators [AFNOR 2003]. One indicator shows
the level of trophic environment, the second determines the
degree of ecological tolerance (steno- and eurybiontic). This
system is valued among scientists of various European countries
for the exhaustive list of indicators and the weight of each
indicator [SZOSZKIEWICZ et al. 2002; 2018].

The ecological condition of the rivers of the Scandinavian
countries is assessed by an original method developed by Danish
scientists. It is based on biodiversity indices calculated from the
Shannon–Weaver indicators.

The studies in Belarus are based on the IBMR method
[SAVITSKAYA 2014]. A version of the classification scheme of small
rivers was developed taking into account the phytodiversity of
vegetation and assessment of their ecological status.

The macrophyte method of river assessment (Pol.: makro-
fitowa metoda oceny rzek – MMOR) is used in Poland, which is
based on the English MTR and the French IBMR. This technique
was first described in 2006 and published in 2010 as a textbook. It
is based on quantitative and qualitative indicators of assessment
of aquatic and coastal aquatic vascular plants which are presented
on the studied segment of the water body. The macrophyte index
(MIR) is calculated by species composition which allows one to
assess the ecological status in accordance with the EU Water
Framework Directive [CIECIERSKA et al. 2013; Directive 2000/60/
EC; KOROBKOVA 2018; SZOSZKIEWICZ et al. 2020]. The same
technique is being introduced to assess the ecological status of
watercourses in Kazakhstan, in Bulgaria, in Russia [GYOSHEVA
et al. 2020; MURATOV et al. 2015; ZUYEVA et al. 2007].

Phytoindication studies in Ukraine are performed at the
Ukrainian Scientific Research Institute of Ecological Problems
(Ukr.: Ukrainskyi naukovo-doslidnyi instytut ekolohichnykh pro-
blem – UKRNDIEP) where the MMOR was adapted by developing
the “Classification table for calculating the macrophyte index for
rivers (MIR) for plain rivers of Ukraine”, and by the newly
established biological monitoring laboratories of the Ukrainian
Hydrometeorological Center (Ukr.: Ukrainskyi hidrometeorolo-
hichnyi tsentr – UkrHMTs). The UkrHMTs studies are also based
on the macrophyte technique (MMOR). For the purposes of

environmental monitoring, it is justified to develop local methods
of evaluating the ecological state of the rivers to more accurately
detect threats to the ecological status of rivers in the area.

The objective of this study is the determination of the
species composition of aquatic and coastal aquatic vascular plants
and the evaluation of the surface water ecological status of the
upper reaches of the Pripet River (the Turia, the Vyzhivka, and
the Tsyr rivers) using the macrophyte technique (MMOR).

MATERIALS AND METHODS

Macrophytes help determine the degree of degradation of surface
waters, primarily in terms of their ecological status. Chemical and
physical (instrumental) methods for assessing the surface water
quality determine the pollution at the time of the study while
biological research methods determine the impact of pollutants in
the long perspective. According to the MMOR method, because
aquatic organisms are constantly under pressure from the
environment and knowing their sensitivity to certain pollutants,
one-time field research makes it possible to determine the average
level of pollutants throughout the growing season [CIECIERSKA
et al. 2013; KOROBKOVA 2018; SZOSZKIEWICZ et al. 2020].

Research on the flora was held over two years (2018–2019).
Test sections were identified, with water sampling points tied to
the existing sites of state monitoring observations, which are
characterised by different levels of anthropogenic load and satisfy
the conditions of representation of hydroecological research
regarding the impact of point and diffuse sources. A total of nine
test sites were selected on the right-bank tributaries of the upper
reaches of the Pripet River which are typical river hydroecosys-
tems of Ecoregion 16 [TSOS 2021]. Hereafter, the numbering of
test sections and representative sampling points is according to
Table 1.

The next step was to determine the macrophyte index for
the river (MIR). According to MMOR, each aquatic plant species
is assigned two index numbers. The first index, L, indicates the
average trophic level of the environment of the species. The
trophic index L ranges from 1 (for advanced eutrophic processes)
to 10 (for oligotrophic waters). The second index, W, is the
weighting factor. This one shows the ecological tolerance of the
species (from 3 for stenotopic to 1 for eurytopic). The value of the
index, L, and the weighting factor,W, for each species, were taken
from the methodology, namely from the list of indicative species
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Table 1. Test sections for phytoindication studies and representative heads for water sampling

Area No. Administrative location of the test site Distance from the
river mouth (km) Substantiation of representativeness

The Turia River

1 village of Zaturtsi, near the source of the river 176.90 background head, the source of the river

2 city of Kovel, 500 m above KOS “Kovelvodokanal”
intake 79.29 control point, the impact of agricultural development

of the basin, the middle part of the river

3 village of Bakhiv, 500 m below the KOS “Kovelvodo-
kanal” outflow 78.29 control point, the impact of wastewater discharge of

KOS “Kovelvodokanal”, the middle part of the river

4 village of Buzaki 20.26 control point, a section near the mouth of the river
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to determine the MIR index and their assigned values of L andW
[CIECIERSKA, DYNOWSKA 2013].

The projective coverage of each species was also determined
on a 9-point scale.

The macrophyte index MIR was calculated from the field
research data by the formula:

MIR ¼

Pn
i¼1 LiWiPi
Pn

i¼1 WiPi
10 ð1Þ

where:MIR = the macrophyte index for the river, Li = the L index
value for the found species i, Wi = the weighting factor for the
species i, Pi = the coverage ratio for the species i on a 9-point
scale.

According to the used method, the MIR index ranges from
10 (worst values) to 100 (best). In the case of plain rivers, the
highest values of MIR do not exceed 60. Different types of
indicators were identified for different types of rivers [CIECIERSKA
et al. 2013]. The calculated values of the MIR index are graded by
classes corresponding to the water assessment system according
to the Water Framework Directive [Directive 2000/60/EC].

RESULTS AND DISCUSSION

Geobotanical studies were performed in the basins of the
Vyzhivka, the Turia, and the Tsyr rivers during July–September
of 2018 and 2019, and the ecological status of river basins of the
upper Pripet River in the Volyn Oblast was assessed using
macrophyte method MMOR. A classification table for four types
of rivers used in the Polish technique MMOR was used to
calculate the MIR [CIECIERSKA et al. 2013].

The species composition of the identified indicative species
of the tributaries of the upper reaches of the Pripet River is
presented in Table 2.

Our research determined that the flora of aquatic and
coastal aquatic vascular plants of the Turia, the Vyzhivka and the
Tsyr rivers includes 69 species (47 of which are indicative) which
belong to 44 genera, 25 families, 4 classes, 3 divisions [TSOS 2016;
2021]. In the descriprion of the flora, we also used the principles
of classification of higher aquatic plants by DUBYNA [1986] and

Area No. Administrative location of the test site Distance from the
river mouth (km) Substantiation of representativeness

The Vyzhivka River

5 villages of Hvorostiv and Ruda, near the source 70.18 background head, the source of the river

6 town of Stara Vyzhivka, 500 m above the Stara
Vyzhivka wastewater outflow 34.58 control point, the impact of agricultural development

of the basin, the middle part of the river

7 near the town of Ratne, after crossing the Kovel–Ratne
highway 6.45 control point, a section near the mouth of the river

The Tsyr River

8 town of Kamin-Kashyrskyi 41.33 background head, before the recreation area

9 near the village of Vyderta of Kamin-Kashyrskyi district 26.60 control point, the effect of the Tsyr drainage system, the
middle part of the river

Explanation: KOS = Ukr.: kanalizatsiino ochysni sporudy – sewage treatment facilities.
Source: own elaboration.

cont. Tab. 1

Table 2. Species composition of indicative species of the upper
tributaries of the Pripet River

No. Plant name Li Wi
The
Turia

The
Vyzhivka

The
Tsyr

1 Equisetum fluviatile L. 6 2 +

2 Equisetum palustre L. 5 2 + +

3 Berula erecta (Huds.) Coville 4 2 +

4 Cicuta virosa L. 6 2 + +

5 Sium latifolium L. 7 1 +

6 Myosotis scorpioides L. 4 1 + + +

7 Rorippa amphibia (L.) Bess. 3 1 + +

8 Ceratophyllum demersum L. 2 3 + +

9 Ceratophyllum submersum L. 2 3 +

10 Mentha aquatica L. 5 1 + + +

11 Veronica anagallis-
aquatica L. 4 2 + +

12 Veronica beccabunga L. 4 1 + +

13 Nuphar lutea (L.) Smith. 4 2 + + +

14 Persicaria amphibia (L.)
S.F. Gray 4 1 + + +

15 Persicaria hydropiper (L.)
Delarb. 3 1 + +

16 Polygonum persicaria L. 2 2 +

17 Lysimachia vulgaris L. 4 1 +

18 Caltha palustris L. 6 1 +

19 Ranunculus circinatum
Spach 5 2 +

20 Ranunculus sceleratus L. 2 1 +

21 Myriophyllum spicatum L. 3 2 + +

22 Acorus calamus L. 2 3 + +

23 Alisma plantago-aquatica L. 4 2 + + +

24 Sagittaria sagittifolia L. 4 2 + + +

25 Lemna gibba L. 1 3 +

26 Lemna minor L. 2 2 + + +

27 Lemna trisulca L. 4 2 + + +
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DUBYNA and SHELIAG-SOSONKO [1989] and identified the following
types: coastal aquatic plants, plants with floating leaves, semi-
submerged, and submerged species.

The aquatic flora is dominated by Magnoliophyta – 95.65%
(66 species), and the distribution of Magnoliopsida and Liliopsida
is relatively close – 44.93% and 50.72% of the total number of
species. Equisetophyta is represented by two species or 2.90% of
the total, and Polypodiophyta by one species (1.45%).

Seven leading families of the flora (Polygonaceae, Ranuncu-
laceae, Araceae, Cyperaceae, Hydrocharitaceae, Roaceae, Potamo-
getonaceae) combine 49.28% of all species. The other 23 families
of the aquatic flora of the upper Pripet basin are represented by
1–8 species.

The test areas of the Turia River contain 56 species of
aquatic and coastal aquatic plants belonging to 3 divisions
(Equisetophyta, Polipodiophyta and Magnoliophyta), 24 families
and 36 genera.

The data on indicator values of the species by CIECIERSKA
et al. [2013] was used. The results of the analysis of the floristic
composition of higher aquatic and coastal aquatic plants of the
Turia show that 42 out of 56 existing species have indicative
significance (Tab. 2). Among them are the following species:
Potamageton crispus L., Sparganium erectum L., Rorippa amphibia
(L.) Besser, Hydrocharis morsus-ranae L., which are indicators of
eutrophic waters, and Spirodela polyrhiza (L.) Schieid, which is an

indicator of waters with strong eutrophication of anthropogenic
origin. Lemna gibba L. is an indicator of polluted mesosaprobic
waters rich in nitrogen compounds.

On research site No. 1, in the village of Zaturtsi, 24 mac-
rophyte species indicative of ecological status were found. They
are dominated by coastal plants and plants with floating leaves.
On site No. 2, by the bridge of the city of Kovel, 23 indicative
macrophyte species were found, among which coastal and
submerged forms, as well as plants with floating leaves,
predominate.

On site No. 3 (500 m away from the wastewater treatment
facility discharge) in the middle section of the Turia River,
26 indicative macrophyte species were identified. All ecological
groups of plants are represented relatively evenly here – coastal,
submerged, and with floating leaves. The same situation is on site
No. 4, in the village of Buzaki (the river mouth), where
21 macrophyte species, which are indicative of ecological status,
were found, although the number of typical swamp macro-
phytes has increased.

The following species were found everywhere: Hydrocharis
morsus-ranae L., Alisma plantago-aquatika L., Sagittaria sagitti-
folia L., Carex riparia Сurtis, Phragmites australis (Cav.) Trin. ex
Steud., Acorus calamus L., Lemna minor L., Lemna trisulca L.,
Spirodela polyrrhiza (L.) Schleid, Ceratophyllum demersum L.,
Myosotis palustris L., Mentha aquatic L.

Some species are present in certain parts of the river:
Equisetum fluviatile L., Potamageton natans L., and Veronica
anagallis-aquatica L. – in the middle part of the Turia River in
Kovel; Potamageton crispus L., Scirpus sylvaticus L., Sparganium
erectum L., Typha latifolia L., Ranunculus sceleratus L., Lysima-
chia vulgaris L., and Rorippa amphibia (L.) Bess are common in
the upper reaches of the Turia river, and Eleocharis palustris L.
was found in the lower part of the river.

The MIR calculations were averaged based on the data of
2018 and 2019, and the ecological status of surface waters was
assessed by the MMOR methodology (Tab. 3).

Figure 1 shows a map of the surface water ecological status
of the Turia River on the basis of MIR in accordance with the
above results.

The flora of the Vyzhivka River includes 36 species of higher
aquatic and coastal aquatic plants belonging to 31 genera, 20 fam-
ilies, 14 orders, 3 classes (Equisetopsida, Liliopsida and Magno-
liopsida) and 2 divisions (Equisetophyta and Magnoliophyta).

Analysis of the floristic composition of higher aquatic and
coastal aquatic plants of the Vyzhivka River shows that 29 out of
36 found species have indicative value (Tab. 2). Among them are
such species as Sium latifolium L., Veronica beccabunga L., Lemna
minor L., which are indicators of eutrophic waters. Indicator
species of waters with strong eutrophication of anthropogenic
origin were practically not found.

The research on site No. 5, near the village of Khvorostiv,
identified a total of 23 macrophyte species, 17 of which are
indicative of ecological status. Among them, plants with floating
leaves Nuphar lutea (L.) Smith., semi-submerged Sagittaria
sagittifolia L., submerged Elodea canadensis Michx., and coastal
species Glyceria maxima (Hartm.) Holmb. dominated.

On site No. 6, in the town of Stara Vyzhivka, a total of
22 macrophyte species were found, 21 of which are indicative of
ecological status. The species composition of plants was
dominated by plants with floating leaves Nuphar lutea (L.)

No. Plant name Li Wi
The
Turia

The
Vyzhivka

The
Tsyr

28 Spirodela polyrrhiza (L.)
Schleid 2 2 + + +

29 Elodea canadensis Michx. 5 2 + + +

30 Hydrocharis morsus-ranae L. 6 2 + +

31 Stratiotes aloides L. 6 2 +

32 Potamogeton crispus L. 4 2 +

33 Potamogeton lucens L. 4 3 +

34 Potamogeton natans L. 4 1 +

35 Potamogeton pectinatus L. 1 1 +

36 Iris pseudacorus L. 6 2 +

37 Carex acuta L. 5 1 + + +

38 Carex acutiformis Ehrh. 4 1 + +

39 Carex riparia Сurtis 4 2 + + +

40 Scirpus lacustris L. 4 2 + +

41 Scirpus sylvaticus L. 5 2 + +

42 Eleocharis palustris (L.)
Roem. and Schult. 6 2 + +

43 Glyceria maxima (Hartm.)
Holmb. 3 1 + + +

44 Phalaris arundinacea L. 2 1 + +

45 Sparganium erectum L. 3 1 +

46 Typha angustifolia L. 3 2 + +

47 Typha latifolia L. 2 2 + + +

Total 42 29 20

Explanations: Li = the L index value for the found species i, Wi = the
weighting factor for the species i.
Source: own study.

cont Tab. 2
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Smith., semi-submerged plants Stratiotes aloides L., and coastal
plants Glyceria maxima (Hartm.) Holmb.

At area No. 7, near the town of Ratne, a total of 19 macro-
phyte species were found, including 18 which are indicative of the
ecological status of surface waters. The species composition of
higher aquatic plants was dominated by the plants with floating

leaves Nuphar lutea (L.) Smith. and semi-submerged species
Sagittaria sagittifolia L.

Cicuta virosa L. was found infrequently in all parts of the
Vyzhivka River. Myosotis scorpiodes L., Ranunculus aquatile (L.)
Dumort, Vallisneria spiralis L. and Eleocharis palustris (L.) Roem
and Schult. were also rare and found mainly in the upper part of
the river. Ubiquitous species, such as Lemna minor L., and
Sagittaria sagittifolia L. were also found at all sites.

Thus, the water quality in the Vyzhivka River in all test sites
belongs to class II, good category, with mesotrophic status, which
indicated favourable ecological conditions for the development of
higher aquatic plants along the entire course.

The macrophyte flora of the Tsyr River includes 28 species,
including 20 indicative species (Tab. 2) belonging to the division
Magnoliophyta, classes Magnoliopsida and Liliopsida, which
include 13 families and 22 genera. The leading families of flora
are Cyperaceae and Poaceae, each of them making up 14.28% of
all species. Other families have 1–3 representatives.

The results of the analysis of the floristic composition of
higher aquatic and coastal aquatic plants of the Tsyr River show
the smallest number of species of higher aquatic plants in
comparison with other studied rivers – only 28.

At research area No. 8, near the town of Kamin-Kashyrskyi,
a total of 15 macrophyte species were found, 11 of them –
indicative of ecological status. They are dominated by coastal
plants and plants with floating leaves: Lemna minor L., Elodea
canadensis Michx., and Scirpus sylvaticus L., Veronica anagallis-
aquatica L. and Veronica beccabunga L. had the smallest area of
projective coverage within this test site.

On site No. 9, a total of 17 macrophyte species were
identified, 13 of which are indicators of ecological status. The
species composition was dominated by coastal forms and plants
with floating leaves. The most common were Nuphar lutea (L.)
Smith., Sagittaria sagittifolia L., Carex pseudocyperus L., Phrag-

Table 3. Ecological status assessment of surface waters of tributaries of the upper Pripet River based on MIR

No. Section of the river MIR1) Class Category

1 village of Zaturtsi (upper river) 32.40/33.30
32.9 ІІ (44.5–35.0i satisfactory

2 city of Kovel (bridge) 39.80/40.65
40.2 III (35.0–25.4i good

3 village of Bachiv (500 m away from the wastewater treatment discharge, middle river) 33.90/33.40
33.7 III (35.0–25.4i satisfactory

4 village of Buzaki (near river mouth) 32.65/33.55
33.1 ІІ (44.5–35.0i satisfactory

5 village of Khvorostiv (upper river) 39.90/36.00
37.9 ІІ (44.5–35.0i good

6 town of Stara Vyzhivka (middle river) 38.90/40.90
39.6 ІІ (44.5–35.0i good

7 town of Ratne (near river mouth) 37.70/37.70
37.7 ІІ (44.5–35.0i good

8 town of Kamin-Kashyrskyi (upper river) 39.00/38.80
39.9 III (35.0–25.4i good

9 village of Vyderta (middle river) 33.50/32.70
33.1 ІІ (44.5–35.0i satisfactory

1) Values above the line are MIR values (2018/2019), values below the line are the average data.
Source: own study.

Fig. 1. А map of the ecological status of surface waters of the Turia River
on the basis of MIR; source: own elaboration based on TSOS [2021].
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mites australis (Cav.) Steud., Typha latifolia L., Juncus sguarro-
sus L., and Juncus effuses L.

Among the species diversity of macrophytes, the most
numerous are populations of the following species in the test
areas: Alisma plantago-aquatica L., Sagittaria sagittifolia L., Carex
riparia Curtis, Phragmites australis (Cav.), Acorus calamus L.,
Lemna minor L., Lemna trisulca L., Spirodela polyrrhiza (L.)
Schleid, Ceratophyllum demersum L., Myosotis palustris L., and
Mentha aquatica L.

The following species of macrophytes were found at both
test sites (No. 8 and No. 9): Glyceria maxima (Hartm.) Holmb.,
Phalaroides arundinacea (L.) Rausch., and Lemna minor L.

The results of calculating the macrophyte index of the river
show that the water quality in the Tsyr River at test area No. 8
(Kamin-Kashyrskyi, upper course) has a good ecological status
with a MIR value of 39.9, which refers to the surface waters of
class II, good category, with mesotrophic status. On test site No. 9
(near Vyderta, middle course), the surface water quality of the
Tsyr River worsens to class III, satisfactory category, with
eutrophic status.

CONCLUSIONS

The composition of the flora of aquatic and coastal aquatic
vascular plants of the right-bank tributaries of the upper Pripet
River, namely the Turia, the Vyzhivka, and the Tsyr rivers,
includes 69 species belonging to 44 genera, 25 families, 4 classes,
and 3 divisions.

The most numerous species composition, 57 species, was
observed at the Turia River, 36 and 28 species were identified in
the Vyzhivka and the Tsyr rivers, respectively. According to the
indicative value, the macrophytes of the Vyzhivka River had the
largest range (from oligotrophic to eutrophic). Coastal and
submerged forms, as well as plants with floating leaves, had the
highest projective coverage (from 10 to 30%) along the studied
rivers.

The ecological condition of the Turia River at test areas
No. 1, 3 and 4 belonged to class III, a satisfactory category. On site
No. 2, the surface water quality of the Turia was class II, a good
category.

The ecological status of the Vyzhivka River at the test sites
No. 5–7 was class II, a good category, indicating favourable
environmental conditions for the development of higher aquatic
plants along the entire river.

The ecological status of the Tsyr River in test area No. 8 is
good, MIR – 39.9, which refers to surface water class II, a good
category. Test site No. 9 shows that the surface water quality of
the Tsyr deteriorates to class III, satisfactory category.

The results of theMIR assessment indicate a variation in the
ecological status of surface waters on test sites of rivers from class
II – good quality, to class III – satisfactory quality.

The quality of water, the species composition of macro-
phytes and their projective coverage on test sites No. 1, 5, 6, 7,
8 are affected by the drainage systems in the basins of the Turia,
Vyzhivka and Tsyr rivers, where riverbeds are partially
straightened by canals, and also significantly affected by surface
runoff from agricultural lands. Test site No. 2 is impacted by the
created reservoir which has led to shallowing of the riverbed and
a decrease in the speed of the river flow, and also by the lack of

sewage treatment from private residential development. The main
reason for the change in water quality and the deterioration of the
water quality class on test sites No. 3, 4 and 9 is the impact of
effluents from sewage treatment plants in the cities of Kovel and
Kamin-Kashyrskyi.

The use of this technique provides an algorithm of the
investigation of other rivers located in the Polesia lowlands that
belong to the basins of the Pripet or the Western Bug. This also
enables the creation of the atlas of the indicator species of the
macrophytes for the assessment of the ecological status of the
rivers.
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