
119

INTRODUCTION

Water resources (surface, underground and sea) 
are national wealth, the natural basis for the econom-
ic and social well-being of the people of any country. 
They support livelihoods for people, flora and fauna 
and are limited and vulnerable, especially when it 
comes to transboundary water resources and bodies.

According to the current estimations, trans-
boundary surface water bodies (river basins and 
lakes) occupy almost half of the planet’s land 
surface. About 40% of the world’s population 
lives in the basins of transboundary rivers and 
lakes that are shared by two or more countries, 
over 90% of people inhabit the countries that 
share basins [Basin United Nations]. The inten-
sive use of surface water resources by neighbor-
ing coastal countries for the needs of industry, 
agriculture, energy, transport leads to a change 
in the ecological state of transboundary ba-
sins. Therefore, the water quality monitoring of 
transboundary water bodies and assessment of 

their ability to self-purification potential as well 
as capability of restoration remain relevant. 
The degradation of water resources, especially 
in the context of climate change, still leaves on 
the agenda the issue of transboundary water co-
operation – integrated water resources manage-
ment (taking into account the economic inter-
ests of the development of coastal neighboring 
countries and the protection of water resources).

The Dniester River basin is located on the 
territory of the Republic of Poland (0.6% of 
the catchment area), the Republic of Moldova 
(26.4%), but most of it (73.0%) is located within 
Ukraine (Lvivska, Ivano-Frankivska, Cherniv-
etska, Ternopilska, Khmelnytska, Vinnytska and 
Odeska regions) [Website of the Dniester Com-
mission]. The Dniester River Basin is bounded 
from the west by the Carpathians, from the north-
west – by the Sano-Dniester watershed, from the 
north – by Rostoch, from the south-east – by the 
Dnieper-Bug firth, from the west – by the Dnies-
ter-Prut and Dniester-Black Sea watersheds.
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ABSTRACT
The ecological state of transboundary water of the Dniester River Basin was analyzed in the context of cross-bor-
der cooperation. The major objects of economic activity affecting the state of transboundary water were identified 
in the Dniester River Basin in Ukraine and Republic of Moldova. It was established that over the years of trans-
boundary cooperation, a decrease in the average annual concentrations of Suspended solids, Nitrites, Chlorides 
and Sulfates below the maximum permissible values was achieved. The ecological state of the Dniester River 
transboundary water in time and space was investigated using an integral assessment of the state of the Dniester 
River water environment. It is recommended to assess the transboundary water ecological state using complex 
indices. An assessment of the ecological reliability of the Dniester River Basin transboundary water in 2020 was 
carried out. The research results show that the use of transboundary water of the Dniester River Basin is potentially 
dangerous. Further cooperation between Ukraine and the Republic of Moldova in the issue of reducing the waste-
water containing harmful substances with a synergistic effect, is encouraged.
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The length of the Dniester River is 1362 km, 
the catchment area is 68627 km2, the average 
stream gradient is 0.56‰. Ukraine owns the head-
water and the mouth stretch of the river with a 
total length of 705 km. The 220 km section of the 
river is transboundary for Ukraine and Moldova. 
The middle and lower parts (437 km long) of the 
river are located in Moldova. A small section of 
the Strvyazh River (the headwater of left tributary 
of the Dniester River) belongs to the Republic of 
Poland [Website of the Dniester Commission].

The Dniester River is the main source of wa-
ter for Moldova and, to a large extent, for Ukraine. 
There are 157 settlements (5 million people) on 
the territory of the basin within Ukraine, where-
as on the territory of Moldova – 43 settlements 
(2.74 million people). Outside the basin, another 
3.5 million people consume the Dniester water 
[Website of the Dniester Commission]. The west-
ern region is the best-resourced of the local runoff 
of Ukraine, where 200–600 thousand m3 of water 
falls per 1 km2 of territory, and 2–6 thousand m3 of 
water per inhabitant [Agricultural Policy Report].

The main factors of the anthropogenic load 
on surface water resources are both significant 
water consumption by various sectors of the 
economy of Ukraine and the Republic of Mol-
dova, and discharges of polluted water. The neg-
ative impact on the ecosystem of the river from 
the source to the mouth is very severe and it is 
caused by the production activity of oil refiner-
ies, chemical plants, and enterprises in the coal, 
food, forestry, utilities, energy, and agriculture. 
Most environmentally hazardous enterprises are 
located in the upper part of the Dniester basin 
(Lvivska, Ivano-Frankivska regions), where 
70% of the runoff is formed. There are powerful 
enterprises (the largest surface water pollutants 
of the Dniester River) on the territory of Lvivs-
ka and Ivano-Frankivska regions: PSP “Lvivska 
Coal Company”, PE Mine “Stepova” SE “Lviv 
Coal”, PSP “Petrochemical of Prykarpattia”, 
LLC “Carpathian Petrochemical”, Nadvirna oil 
and gas production division, Oriana Open Joint-
Stock Company [Ministry of Environmental 
Protection and Natural Resources of Ukraine].

The current water consumption of the Dni-
ester River basin water resources by Ukraine is 
distributed as follows: production needs are 52%, 
non-refundable use is 25%, municipal services are 
17% and agricultural needs are 6% [Transbound-
ary river basin management plan]. The temporal 
trends of water use in the basin indicate a general 

decrease in the use of water, both from surface and 
underground sources, in all sectors of the econo-
my. The water management situation in the Dni-
ester River Basin demonstrates a different combi-
nation of changes in the volume of water intake 
and the volume of discharge of polluted water over 
time. For example, for the period 2015–2019, the 
volume of water intake from the territory of the 
Khmelnytska region decreased by 22.4%, Vin-
nytska – by 9.8%, while the volumes of polluted 
water discharge from the territory of these regions 
increased by 55.9% and 8.9%, respectively. The 
water intake from the Dniester River Basin in the 
Ivano-Frankivska region during the period under 
review increased by 5.6%, and the discharge of 
polluted water decreased by 6.9% [Ministry of En-
vironmental Protection and Natural Resources of 
Ukraine, Dniester Basin Water Resources Manage-
ment]. Significant amount of water removed from 
natural sources is still lost when it is transported to 
water users, as a result of filtration, leaks, and ac-
cidents in water supply systems from the point of 
water intake to the point of its use.

Enterprises of Moldova also have a negative 
impact on the ecological state of transboundary 
surface water (metallurgical plant, Ribnita; ce-
ment plants in Ribnita and Rezina) [Website of 
the Dniester Commission]. The total volume of 
water use in the Republic of Moldova is distrib-
uted as follows: utility needs 14% (112.7 million 
m3), industrial needs – 74% (582.8 million m3), 
irrigation – 5% (41.5 million m3), agriculture and 
water supply to rural settlements – 4% (38.2 mil-
lion m3), other needs – 3% (2.2 million m3). The 
annual water intake from the Dniester River Ba-
sin by the Republic of Moldova is 754.0 million 
m3 (96%). The total volume of discharged water 
in the country reaches 667.0 million m3, of which 
661.8 million m3 (99%) falls on the Dniester Riv-
er Basin [Website of the Dniester Commission].

Stream flow control significantly affects the 
ecological state of the Dniester River. 65 reser-
voirs and 3447 ponds were built on the territory 
of the river basin. In the middle course of the riv-
er, a cascade of channel reservoirs has been built, 
the largest of which are Dubasari and Dniester 
reservoirs. Violation of the continuity of the wa-
ter flow, water intake, and water level fluctuations 
negatively affect the ecological state of the river.

The agriculture developed on the territory of 
Ukraine and the Republic of Moldova (crops and 
vegetables output, horticulture, livestock) leads 
to the pollution of water bodies with mineral 
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fertilizers and pesticides. The arable land in the 
Dniester River Basin reaches 43%. This fac-
tor and untreated wastewater have the greatest 
negative impact on the ecological state of trans-
boundary surface waters [Transboundary river 
basin management plan].

For the sustainable development of both 
States, Ukraine and the Republic of Moldova, a 
Treaty on Cooperation in the Field of Protection 
and Sustainable Development of the Dniester 
River Basin was signed on November 29, 2012 
in Rome [Agreement between the Cabinet of 
Ministers of Ukraine and the Government of the 
Republic of Moldova]. The Treaty seeks to fulfil 
the commitments undertaken by the Republic of 
Moldova and Ukraine in 1994 [Convention on 
the Protection and Use of Transboundary Wa-
tercourses and International Lakes, EU Water 
Framework Directive 2000/60/EC]. At the re-
quest of the Government of the Republic of Mol-
dova and the Cabinet of Ministers of Ukraine 
the GEF / UNDP/ OSCE/ UNECE project “En-
abling transboundary co-operation and integrat-
ed water resources management in the Dniester 
River Basin” has been drafted. The purpose of 
the project was to introduce the mechanisms for 
the integrated management of water resources in 
the Dniester River Basin to ensure its sustain-
able development. According to the GEF project 
the Dniester Transboundary River Basin Man-
agement Plan was approved on June 10, 2019 
[Transboundary river basin management plan]. 
The environmental purposes of the project were 
to prevent the deterioration of the status of all 
surface water bodies, protection, improvement 
and restoration of all water bodies.

MATERIALS AND METHODS

Monitoring of the state of rivers in Ukraine is 
carried out by observation a network of stations 
and observation points by state monitoring entities 
of the Hydrometeorological Service, the Ministry 
of Environment Protection and Natural Resources, 
the National Academy of Sciences of Ukraine, the 
State Agency for Water Resources and the Minis-
try of Health. The quality of river water is deter-
mined according to different methods, while the 
list of hydrochemical parameters does not always 
coincide, the number of hydrobiological indicators 
is limited [Mitryasova et al., 2021 Shakhman et al., 
2021]. It is not uncommon for the control results 

obtained by different monitoring subjects to differ 
significantly [Odnorih et al., 2020].

Observations of the surface water quality of 
the Dniester River Basin on the border areas of 
Ukraine and the Republic of Moldova are car-
ried out at transboundary points. Three points 
are located before the entrance of the Dniester 
water into the territory of the Republic of Mol-
dova (near the village Naslavcea, city Mohyliv-
Podil’s’kyi, village Tsikinivka) and four – on the 
tributaries of the Dniester River on the territory 
of the Odeska region (Ukraine), after the exit of 
watercourses from the territory of the Republic of 
Moldova [National report on the state of the envi-
ronment in Ukraine in 2018]. At the points of the 
Dniester River, located on the Ukrainian territory 
to the border with the Republic of Moldova, the 
water quality is usually higher than after leaving 
the Republic of Moldova, on the territory of the 
Odeska region [National report on the state of the 
environment in Ukraine in 2018].

The scientists of the Odessa State Environ-
mental University dealt with the problems of wa-
ter quality assessment in the Dniester River Basin 
in 2015 [Kolisnyk, 2015]. The water quality of the 
Dniester River Basin in transboundary areas with 
the Republic of Moldova, within the Vinnytska 
region was investigated [Bordova, 2006]. It was 
found that the surface water of the Dniester River 
Basin is significantly contaminated. Moreover, 
the studies on the quality of drinking water in the 
Dniester River (water intake for 1998–2012) were 
carried out [Kolisnyk, 2015]. Experts have ana-
lyzed the quality of water in the places of sources 
of centralized drinking water supply by the cur-
rent standards, and also determined the changes of 
typical nutrients content in water for years.

Specialists within the GEF Project “Enabling 
transboundary co-operation and integrated wa-
ter resources management in the Dniester River 
Basin” [Transboundary river basin management 
plan] carried out an assessment of the ecological 
and chemical status of the surface water of the 
Dniester River for 2018 in accordance with the 
Methodology for Attribution of Surface Water 
Masses to one of the environmental and chemical 
state classes of the surface water massif [About 
approval of the Method of assignment of the mas-
sif of surface water]. Researchers [Transboundary 
river basin management plan] noted the risk of 
not achieving a good ecological status in Ukraine 
on the transboundary massif of the Dniester River 
Basin. As for the chemical status, in Ukraine 
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In this study, to assess the ecological state of 
the Dniester River transboundary surface water, 
the authors used the method of integral estima-
tion of the aquatic environment state by the pol-
lution coefficient χ [Bordova, 2006; Shakhman et 
al., 2021] and according to the complex indicator 
CIES [Timchenko, 2002, Shakhman et al., 2021]. 
The obtained indicators made it possible to move 
on to assessing environmental reliability ER [Tim-
chenko, 2002, Shakhman et al., 2017, 2018, 2021].

The initial information for assessing the eco-
logical state of transboundary surface water of the 
Dniester River is the analytical monitoring data of 
surface water (monthly sampling by 12 parameters) 
by the State Agency for Water Resources of Ukraine 
for the period 2011–2020 [State Agency of Water 
Resources of Ukraine]. The observational data was 
systematized into tables of average annual concen-
trations of pollutants on gauge stations: 1 – the Dni-
ester River – village Rozvadiv (1191 km from the 
river mouth); 2 – the Dniester River – city Mohyliv-
Podil’s’kyi (631 km from the river mouth); 3 – the 
Dniester River – village Bilyaivka (20 km from the 
river mouth) for the period 2011–2020.

RESULTS AND DISCUSSIONS

The analysis of changes in the ecological 
state of the Dniester River in time (for the ob-
servation period 2011–2020) and in space (along 
the river stream) for 2020 using fishery standards 
that better characterize the change in the state of 
the river was performed.

A comparative analysis of mean annual con-
centrations of pollutants for the observation period 
2011–2020 for the transboundary point the Dniester 
River – village Bilyaivka (20 km from the mouth) 
revealed a significant change in the values of hydro-
chemical indicators (Figure 1). There is a decrease 
in the average annual concentrations of the hydro-
chemical parameters (Suspended solids, Nitrites, 
Chlorides, Sulphates) lower the maximum permis-
sible concentration (MPC). The positive dynamics 
of changes in water quality allows us to conclude 
that the integrated management of water resources 
in the Republic of Moldova and Ukraine is success-
ful and aims to ensure the sustainable development 
of water resources in the Dniester River Basin.

However, in the surface water of the lower part 
of the Dniester River Basin in 2020, the indicator 
of the toxicological block SAS after the discharge 
of river water from the territory of the Republic of 

there is a risk of failing to achieve a good chemi-
cal status, while in the Republic of Moldova, on 
the contrary, there is no such risk.

Monitoring of pollutants in wastewater both in 
Ukraine and in the Republic of Moldova is carried 
out only according to the parameters of water users’ 
projects (organic matter and nutrients). The list of 
basin-specific hazardous substances for the Dniester 
River Basin is currently not established in Ukraine. 
In the Republic of Moldova, the list of hazardous 
substances includes 41 substances [Transboundary 
river basin management plan]. Heavy metals, pesti-
cides, hydrocarbons are not determined).

The research of the chemical state of surface 
water in the Dniester River Basin conducted by 
the Western Region Water Monitoring Labora-
tory in 2020 shows that the largest amounts of 
pollutants were detected in the Dniester River at 
observation posts in the Odeska region (Ukraine) 
after the river leaves the territory of the Repub-
lic of Moldova. A general analysis of laboratory 
research has established that in 18 surface water 
massifs of the Dniester River Basin, the content 
of pollutants exceeds environmental standards, 
which corresponds to the II class of the ecological 
state “failure to achieve good” [Chemical state of 
the Dniester River Basin surface water in 2020].

The methods used in previous research 
[Transboundary river basin management plan, 
Chemical state of the Dniester River Basin sur-
face water in 2020] were based for comparing 
the actual values of water quality indicators 
with the maximum permissible concentrations 
without taking into account the potential effect 
of the total action of pollutants. Therefore, it is 
relevant to assess the ecological state of trans-
boundary surface water on the basis of complex 
indices that take into account the effect of the 
total action of pollutants [Shakhman et al., 2017, 
Shakhman et al., 2018, Shakhman et al., 2021].

Complex indices are calculated according to 
hydrochemical parameters and used when it is nec-
essary to trace the spatio-temporal character of the 
state of rivers in natural and anthropogenic condi-
tions [Shakhman et al., 2021, Bystriantseva et al., 
2019]. Such a relatively quick assessment of the 
ecological state of the surface water of the river en-
ables promptly decision-making on water resources 
management, which is particularly relevant to cross-
border cooperation. A complex assessment of hy-
drochemical parameters involves the determination 
of quantitative indicators of the river water state and 
its qualitative characteristics [Yurasov et al., 2012].
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Moldova had a value of 2.39 mg/dm3 (Figure 2), 
which exceeds the maximum permissible concen-
trations of standards for all types of economic use. 
For the transboundary point the Dniester River – 
village Bilyaivka the arithmetic mean of SAS for 
the year has an indicator of class V of the water 
state (very dirty) [Gritsenko et al., 2012].

In accordance with the methodology [Gritsen-
ko et al., 2012], in 2020, for the analyzed stretch 
of river (1171 km), the water quality in terms of 

average annual values of nutrients (Nitrites, Ni-
trates and Phosphates), which are necessary for 
biota, varies from III (moderately contaminated) 
class up to V (very dirty) class (Figure 3).

For the transboundary section the Dnies-
ter River – village Bilyaivka an increase in the 
concentration of pollutants (Sulphates, Nitrites, 
Nitrates, Phosphates) is traditionally observed 
downstream of the river after leaving the territory 
of the Republic of Moldova (Figure 2, 3). 

Figure 1. Ecological state of the transboundary water of the Dniester River – village Bilyaivka by hydrochemical 
parameters (Suspended solids, Nitrites, Chlorides, Sulphates) for the observation period 2011–2020

Figure 2. Ecological state of the transboundary water of the of the Dniester River: 
a – Total ammonium, b – Suspended solids; c – BOD5, d – SAS
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Hence, the temporal dynamics demonstrates the 
improvement of the ecological state of the trans-
boundary surface water of the Dniester River, and 
the spatial assessment shows the presence of un-
solved problems, therefore there is a need to refer 

to the methods that take into account the synergistic 
effect of harmful substances for the ecological state 
assessing [Bordova, 2006; Timchenko, 2002].

At the next stage of the research, an integral 
assessment of the aquatic environment state, 

Table 1. Integral assessment of ecological state of the transboundary surface water of the Dniester River – village 
Bilyaivka for 2020

Parameter Ci / MPCi With priorities No priorities

rank φ(i) φ(i)Ci / MPCi rank φ(i) φ(i)Ci / MPCi

BOD5 0.95 1 1.000000 0.95000 2 1.000000 0.95000

Dissolved oxygen 0.65 4 0.500000 0.35200 7 0.109375 0.07109

Suspended solids 0.95 6 0.187500 0.17813 3 0.750000 0.71250

Total ammonium 0.63 2 1.000000 0.63000 8 0.062500 0.03938

Nitrites 0.77 7 0.109375 0.08422 4 0.500000 0.38500

Nitrates 0.07 12 0.005859 0.00041 11 0.010742 0.00075

Chlorides 0.10 10 0.019531 0.00195 9 0.035156 0.00352

Sulphates 0.76 8 0.062500 0.04750 5 0.312500 0.23750

SAS 23.9 5 0.312500 7.46875 1 1.000000 23.9000

COD 0.70 9 0.035156 0.02461 6 0.187500 0.13125

Phosphates 0.09 11 0.010742 0.00097 10 0.019531 0.00176

Petroleum 
hydro-carbons 0.00 3 0.750000 0.00000 12 0.005859 0.00000

∑ 3.993163 9.71154 3.993163 26.43275

χ = 9.71154/3.993163 = 2.43
(moderately contaminated)

χ = 26.43275/3.993163 = 6.62
(catastrophically dirty)

Figure 3. Ecological state of the transboundary water of the of the Dniester River:
 a – Sulphates, b – Nitrites; c – Nitrates, d – Phosphates
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The research results of the ecological state esti-
mation of the transboundary water along the Dnies-
ter River for the year 2020 are shown in Table 5.

The ecological state of the Dniester River in 
the upper course of the river is assessed as un-
steady, in the middle course of the river (trans-
boundary point near the border with the Republic 
of Moldova) – steady with signs of unsteady. An 
unsteady ecological state is also observed after the 
discharge of river water from the territory of the 
Republic of Moldova in the lower section of the 
Dniester River. The minimum and mean coeffi-
cients testify to the deterioration of lower course of 
the river water quality. The obtained values agreed 
with the calculated by coefficient χ and confirm 
the need to introduce measures for the rational use 
of transboundary water in the process of manag-
ing the transboundary Dniester River Basin.

A slight improvement of the ecological state 
of the river can be explained by increase river 
runoff and the possible accumulation of pollut-
ants in the Dniester Reservoir (length is 194 km), 
upstream city Mohyliv-Podil’s’kyi.

The results of calculating the environmental 
reliability of the Dniester River in space (ER = 
0.24) indicate a low potential for self-purification 
and self-restoration.

The results of assessing the ecological state 
of transboundary surface water of the Dniester 
River (Tables 2, 3, 5) make it possible to recom-
mend to the Commission for the Protection and 
Sustainable Development of the Dniester River, 
established by the Treaty between the Cabinet of 
Ministers of Ukraine and the Government of the 
Republic of Moldova [Website of the Dniester 

Table 2. The summary results of the integral ecological state of the transboundary surface water assessment of the 
Dniester River – village Bilyaivka for 2011–2020

Year
Estimation of the degree of pollution

with priorities no priorities

2011 3.58 dirty 10.9 catastrophically dirty

2012 3.02 dirty 8.27 catastrophically dirty

2013 3.33 dirty 10.2 catastrophically dirty

2014 1.53 slightly contaminated 4.20 very dirty

2015 1.64 slightly contaminated 4.81 very dirty

2016 3.35 dirty 6.72 catastrophically dirty

2017 3.82 dirty 11.3 catastrophically dirty

2018 2.25 moderately 
contaminated 5.83 catastrophically dirty

2019 1.70 slightly contaminated 4.54 very dirty

2020 2.43 moderately 
contaminated 6.62 catastrophically dirty

Table 3. The summary results of the ecological state 
integral estimation of the transboundary water of the 
Dniester River – village Bilyaivka for 2020

Estimation of the degree of pollution

with priorities no priorities

the fishery norms

2.43 moderately 
contaminated 6.62 catastrophically 

dirty

drinking norms

0.93 sufficient clean 2.20 moderately 
contaminated

cultural and recreational norms

0.75 sufficient clean 1.63 slightly 
contaminated

using the pollution coefficient χ, was carried 
out. An example of a calculation for the Dniester 
River – village Bilyaivka in accordance with the 
fishery standards is given in Table 1.

The research results of pollution degree of the 
Dniester River – village Bilyaivka for 2011–2020, 
based on fishery needs are presented in Table 2.

The research results of pollution degree of 
the Dniester River – village Bilyaivka for 2020 
based on norms for all types of economic use 
are shown in Table 3.

The next research stage involved estima-
tion of the ecological state of the Dniester River 
transboundary water for 2020 based on complex 
indices CIES. Sustainability of the river was also 
calculated. The ecological state estimation of the 
Dniester River based on CIES at the Dniester Riv-
er – village Bilyaivka transboundary point for the 
year 2020 is given in Table 4.
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Commission], to develop and implement addi-
tional environmental protection measures. These 
activities should be aimed to reduce inputs of 
hazardous substances with synergistic effect to 
water of the Dniester River Basin (hazard class 
2 with health toxicological limit value, hazard 
classes 3 and 4) [Timchenko, 2002]. 

It is important according to the Trialogue 
Model [Guidance on Water and Climate Adap-
tion] to continue the effective engagement be-
tween government, science and society. More-
over, under modern conditions the relevance of 
the decision-making process for the management 
of transboundary surface water of the Dniester 

River is strengthened by an additional factor of 
influence on natural resources – climate change. 
The estimated increase in the average annual air 
temperature in the basin of the Dniester River 
in 2021 will be 1.1°C, which will also affect the 
ecological state of the transboundary surface 
water of the Dniester River.

The data on the current ecological state of 
transboundary surface water of the Dniester River 
and the possible change in water quality in the fu-
ture will allow the parties to cooperate to overcome 
the difficult situations related to the lack of fresh-
water, which can be enhanced by the deterioration 
of surface water quality and climate change.

Table 5. Estimation of Ecological State of the Dniester River transboundary water along the river stream of 
the year 2020

Gauge station

Complex index of the ecological state (CIES)

min mean

ecological state of a river

the Dniester River – village Rozvadiv
–1.49 –0.11

unsteady

the Dniester River – city Mohyliv-Podil’s’kyi
–0.06 0.20

steady with signs of unsteady

the Dniester River – village Bilyaivka
–5.17 –1.66

unsteady

Table 4. Estimation of the ecological state of the transboundary water for 2020 for fishery norms for the Dniester 
River – village Bilyaivka

LIH Parameter Ci MPC MPC – Ci IES CIES

General health

Suspended 
solids 19.0 20.0 1.0 0.05

BOD5 2.85 3.0 0.15 0.05

Dissolved 
oxygen 9.29 >6.0 3.29 0.548

∑ 0.648 0.216

Toxicological

Total 
ammonium 0.32 0.5 – 0.64

Nitrites 0.06 0.08 – 0.75

SAS 2.39 0.1 – 4.78

∑ 6.17 –5.17

Sanitary-
toxicological

Chlorides 29.6 300 – 0.099

Sulphates 76.3 100 – 0.763

Nitrates 2.69 40.0 – 0.067

Phosphates 0.32 3.5 – 0.091

∑ 1.02 –0.02

Fishery Petroleum 
hydro-carbons – 0.05 – – –

CIESmean = (0.216 – 5.17 – 0.02) / 3 = –1.66,     CIESmin = – 5.17
(the ecological state of the object is unsteady)
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CONCLUSIONS

The ecological state assessment of trans-
boundary surface waters of the Dniester river ba-
sin in time and space was conducted. After the 
years of cross-border cooperation between the 
Republic of Moldova and Ukraine in the fields 
of environment and sustainable development of 
the Dniester River Basin, the countries achieved a 
decrease in the average annual concentrations of 
the hydrochemical parameters (Suspended solids, 
Nitrites, Chlorides, Sulphates) below the maxi-
mum permissible concentrations. However, at the 
gauge stations of the Dniester River, located on the 
Ukrainian territory to the border with the Repub-
lic of Moldova, the water quality is usually higher 
than after leaving the Republic of Moldova. For 
the transboundary point the Dniester River – vil-
lage Bilyaivka in 2020 Synthetic surfactants ex-
ceeded the maximum permissible concentrations 
of standards for all water users (fishery, drinking, 
cultural and recreational) and corresponded to V 
(very dirty) water quality class.

The results of the spatial-temporal study of the 
ecological state of the transboundary water of the 
Dniester River in 2020 according to integrated in-
dicators: by the pollution coefficient – “catastroph-
ically dirty”; CIES – “ecological state of a water 
body is unsteady”. Ecological sustainability is be-
low 0.8 indicating a low potential for self-purifica-
tion potential and capability of restoration of the 
river. Therefore, the use of the Dniester River Ba-
sin transboundary water is potentially dangerous. 

The research results can be used for the de-
velopment and/or adjustment of transboundary 
agreements between the riparian countries (Re-
public of Moldova and Ukraine) in the periodic 
review of water consumption standards with 
considering of the ecological state of the Dnies-
ter River. In order to achieve and maintain good 
quality of the Dniester River Basin transbound-
ary surface water, Ukraine and the Republic of 
Moldova, individually or jointly, should take the 
measures to prevent, limit, reduce or eliminate 
pollution of the hydroecosystem.
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