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Purpose. To perform a quantitative and qualitative impact assessment from point and diffuse sources of anthropo­
genic pollution on the Prut River basin within Ukraine.

Methodology. Based on the developed statistical information and the use of the Guidance Paper on Impact Anal­
ysis and Risk Assessment in accordance with the EU Water Directive (EU project “Environmental protection of in­
ternational river basins”), load calculations have been carried out on four factors influencing the Prut ecosystem, 
namely, volumes of discharges of untreated sewage, the total share of sewage in the river, from agriculture and live­
stock production.

Findings. The main anthropogenic loads on the Prut river basin within Ivano-Frankivsk and Chernivtsi regions of 
Ukraine from point and diffuse sources have been analyzed and calculated. In fact, it has been confirmed that diffuse 
sources are the main pollutants of the Prut ecosystem. Non-canalized area caused the emission of organic and nutri­
ent compounds into the river basin. According to the calculation of the indicators of diffuse load, water massifs in 
Kitsman, Kolomyia and Snyatyn districts are “possibly at risk” from agriculture, and in Hertzayivsky district – from 
livestock. The largest point polluters in the Prut River are communal enterprises of the settlements in Kolomyia and 
Chernivtsi.

Originality. The methodology for estimating loads on the river basin has been further developed by calculating 
load indicators, which allows the development and implementation of effective methods and tools for controlling the 
ecological safety of aquatic ecosystems.

Practical value. The results obtained are the basis for adapting European approaches to integrated water resources 
management and developing measures to minimize the risks from human activities in the Prut basin. The work has 
been implemented at the national level in the process of drafting the Prut River Basin Management Plan in the frame­
work of the international project “Environmental protection of international river basins” (EPIRB) and improvement 
of the water monitoring system in the Carpathian National Nature Park.
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Introduction. The expression “sustainable use of wa­
ter resources” had being filled with new content for 
more than 20 years. Solving management problems, op­
timizing water use and water consumption on the basis 
of ecological safety and rational use of water resources, 
restoring the potential of aquatic ecosystems, taking into 
account significant man-made load and global climate 
change, are particularly relevant [1]. Currently national 
water management begins to consolidate the principles 
of integrated water resources management in the legisla­
tive sphere only. Meanwhile, man-made loads on aquat­
ic ecosystems, including the Prut River, deteriorate their 
quality and create threats for the public health and hy­
drobionts [2].

Analysis of the recent research. Problems of ecologi­
cal safety of hydroecosystems are widely presented in 
the works of national and foreign authors: B. R. Allenby, 
O. S. Voloshkina, T. E. Gridel, A. L. Revzon, G. I. Rud­
ko, R. Williams, E. J. Henley, M. A. Shakhranyan, 
A. K. Shreiber, Y. O. Yakovlev and others. However, in 

the problem of ecological safety of specific hydroecosys­
tems, in particular the Prut River, there remains a lot of 
uncertainties, such as the absence of a unified database 
of indicators of the state of the system, the imperfection 
of the monitoring system, the lack of experience in im­
plementing the methodology of estimating anthropo­
genic load in accordance with the requirements of the 
European Union Water Framework Directive (EU 
WFD), and others. [3]. An important task is to carry out 
an analysis of loads and impacts on the Prut basin, 
which will identify the problem areas of the river (water 
bodies) that are at risk or possibly at risk of failing to 
achieve the environmental objectives of the EU WFD, 
namely a good ecological status or potential.

The objective of this article is further development of 
the methodology for identifying and assessing the envi­
ronmental pressure from sources of human anthropogen­
ic pollution in accordance with the requirements of the 
EU WFD and its practical testing within the Ukrainian 
part of the Prut river basin to implement the integrated 
water management plan for the transboundary basin.

Presentation of the main research. According to the 
analysis of statistical data, more than 200 industrial en­

Anthropogenic influence from point and diffuse sources 
of pollution in the Upper Prut River basin
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terprises of different capacities work in the Prut basin. It 
should be noted that most of them are so-called “sec­
ondary” water users, since their waste water is transport­
ed and treated at municipal waste water treatment plants 
[4]. The latter ones are significant point sources of a 
wide range of contamination, including organic, nutri­
ent (nitrogen and phosphorus compounds) and various 
chemical pollutants. At the same time, most industrial 
enterprises dispose of their waste water without suffi­
cient or without any treatment to the city sewage sys­
tems, among them – the enterprises of settlements of 
Vyzhnytsia, Hertsa, Putyla. In order to assess the an­
thropogenic loading from untreated waste water, which 
is associated with environmental emissions of organic 
compounds (Biochemical Oxygen Demand (BOD5), 
Chemical Oxygen Demand (COD) and biogenes (total 
Nitrogen (Ntot) and total Phosphorus (Ptot)), an in­
ventory of treatment facilities in agglomerations (settle­
ments) with a population of 5,000 people in the Prut 
basin was conducted in accordance with the “Guide­
lines for the Analysis of Load/Influence (Risk Assess­
ment) addressing hydromorphology and physic-chem­
istry in the Prut Basin” [5]. Let us note that the coverage 
level of the urban population by sewerage systems in the 
Prut basin is from 30 to 80 %.

On the basis of the developed statistical information 
and the Guidance Paper above-mentioned, a method­
ology for estimating pressure on the Prut River basin has 
been improved.

The following values for the population equivalent 
(PE ) (one person using the central sewage system) were 
used to calculate the emissions of BOD5, COD, Ntot 
and Ptot in different settlements in the Prut basin, and 
the following emission results were obtained according­
ly for BOD5 – 60 g/day, for COD – 110 g/day, for 
Ntot  –8.8 g/day, for Ptot = 2.5 g/day, taking into ac­
count the considerable pressure from detergents with a 
high content of phosphates [6], with an additional coef­
ficient of purification efficiency of 0.2, based on practi­
cal knowledge and state standards, that the classical sec­
ondary treatment used in Ukrainian treatment plants 
reduces loading of waste water only by 20 % of loads on 
phosphorus. Generation of pollutants by population in­
creases in line with an increase in population [7].

The method for calculating the total emission of 
BOD5 for untreated waste water is used for the condi­
tions of the Prut river basin on the example of Yaremche 
town: BOD5 emission = 1PE ⋅ 60 ⋅ 0.9, where PE = 3000; 
untreated waste water in Yaremche, where PE = 5000. 
1 PE produces 60 g of BOD5/day; 0.9 is the purification 
factor (Yaremche town uses the secondary wastewater 
treatment system).

Consequently, for 3000 population connected to the 
centralized sewage system, the emission of organic pol­
lutants (according to BOD5) will be equal to (g/day)

3000 ⋅ 60 = 180 000 (0.18 t/day or 59.1 t/year).
For 5000 PE BOD5 emission makes 109.5 t/year. 

The total BOD5 emission from Yaremche town (taking 
into account the entire local population) is 168.6 t/ year 
[8].

The obtained results indicate that diffuse sources of 
pollution are critical for the Prut River basin. Lack of 
centralized sewerage systems in the countryside is re­
sponsible for the emission of a significant amount of 
contaminating organic and nutrient substances in river 
water bodies, entering into groundwater and surface wa­
ter through decentralized sanitation systems (septic 
tanks and pit latrines), household buildings, and others 
(Fig. 1).

Calculation of pressure indicators from point sources of 
pollution. Indicator I ‒ Untreated waste water. In order to 
achieve the research the goal, loading values (Dww) were 
calculated, depending on the minimum annual runoff 
of the water body, which receives the discharge, to assess 
the risk of failure to achieve the environmental objec­
tives of the WFD.

The calculation was carried out according to the for­
mula: Dww = (L ⋅ (1 - η))/Qmin, r), where L = PE is the 
number of inhabitants whose households are connected 
to the centralized waste water system; η is the degree of 
waste water treatment; Qmin is minimum water con­
sumption, m3/s, dm3/s.

In order to assess the state of the water bodies ac­
cording to the degree of environmental risk (DER), it is 
proposed to use the following scale of tiling of water 
masses:

1) Dww > 1.5 – ecological risk is available;

a b c d

Fig. 1. The ratio of quality indicators of household waste water entering the Prut River within Yaremche town from the 
treated and untreated waste water:
а ‒ Biochemical Oxygen Consumption for 5 days (BOD5); b ‒ Chemical Oxygen Consumption (COD); c ‒ Total Nitrogen (Ntot); 
d ‒ Total Phosphorus (Ptot)
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2) 1 < Dww < 1.5 – ecological risk is possible;
3) Dww < 1 – ecological risk is conditionally absent 

(minimal).
The results of calculating Indicator 1 for the research 

area are presented in Fig. 2.
On the basis of the obtained results, we conclude 

that the river water bodies in Kolomyia and Chernivtsi, 
below the sewage disposal sites, are identified as being 
“at risk”, in Yaremche – as having “ecological risk con­
ditionally absent”, since there is no precise data on 
tourists in the town where the houses are connected to 
the centralized sewage system. However, according to 
official data of the Carpathian National Nature Park on 
the territory of Yaremche town there were officially reg­
istered 6078 visitors in 2012, 11 275 – in 2013, 16 363 – 
in 2014 and 15 666 – in 2015.

That is, in comparison with 2012, the number of 
visitors has increased by more than 2.5 times. And this 
means that emissions of pollutants are also increasing.

The tourist sphere creates an additional load on the 
water resources of the region. The natural features of 
Yaremche town and its suburbs create favorable condi­
tions for the development of tourism throughout the 
year. There are 47 hotels (2292 places), 48 recreational 
establishments (2472 places), 552 green tourism house­
holds within the territory of Yaremche district. Howev­
er, there is no information on the availability of permits 
for special water use, the volume of discharges of house­
hold sewage, and the way of their purification, as well as 
information on reporting on the form of “2TP-Vod­
hosp” in local administration bodies.

According to the National Report on the Quality of 
Drinking Water, Water Supply and Drainage, Fig. 3 
shows the level of provision of these services by tourist 

destinations in Ivano-Frankivsk and Chernivtsi regions 
[9].

In the future we should expect an increase in the vol­
ume of household drinking and communal water use 
because of the connection of local water supply systems 
of rural settlements to the nearest city water supply and 
sewage systems.

The analysis of existing loads and influences allowed 
highlighting one of the key environmental problems 
(risks) for tourist destinations of the Carpathian region 
of contamination of water bodies (especially during pe­
riods of time) as point (discharges of untreated or insuf­
ficiently treated industrial and domestic waste water), 
and diffuse sources (untreated landfills of solid wastes, 
illegal dumps, livestock, agricultural wastes, individual 
septic tanks, illegal building in coastal protective strips, 
etc.), which leads to deterioration of the quality of drink­
ing water supply sources.

Indicator II ‒ the total share of sewage in the river. 
The indicator was calculated for 53 pollutants located in 
the Prut basin and the risk was assessed. The initial data 
is taken from the environmental passports of Ivano-
Frankivsk and Chernivtsi regions [7, 8]. According to the 
results of calculations, all river water bodies, in which 
household wastewater was discharged from 53  point 
sources were assessed as water bodies not being at risk.

The indicator of the total share of waste water in the 
river was calculated according to the following equation: 

.Sww Qww MQr= ∑
Description of used variables:
Sww: total share of wastewater in a river at a given 

cross section along the river;
Qww: total of all (current/future) upstream wastewa­

ter discharges into the river [m3/s];

Fig. 2. Pressure Indicator of untreated waste water from point sources of pollution and risk assessment:
1 – the boundaries of the catchment area of the Ukraine part of the Prut River; 2 – the river and its name; 3 – the state border; 
4 – the boundaries of administrative areas; 5 – settlements
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MQr: mean annual flow of the river [m3/s].
To assess risk, it is suggested that the authors use the 

following scoring scale:
Sww > 0.1 – ecological risk is available;
0.05 < Sww < 0.1 – ecological risk is possible;
Sww < 0.05 – ecological risk is conditionally absent 

(minimal).
Estimation of risk from contamination of the Prut 

River basin by diffuse sources. Anthropogenic loading 
from diffuse sources of pollution of surface and ground­
water is due to the following reasons: lack of water pro­
tection zones; unregulated placement of solid house­
hold wastes, especially in rural areas; storage of mineral 
fertilizers; diffuse pollution from transport (emission of 
pollutants into the atmosphere, surface runoff from 
highways); agriculture (use of pesticides, surface runoff 
from livestock farms). A significant number of agglom­
erations from less than 10,000 inhabitants (small towns 
and villages) located in the Ukrainian part of the Prut 
River basin are provided with decentralized sanitation 
systems (septic tanks and cesspools), which are diffuse 
sources of pollution of local water bodies with organic, 
nutrient substances and lead to deterioration of the 
quality of water by microbiological indicators. One of 
the most significant diffuse sources of contamination 
with biogenes and microbiological contamination are 
settlements without proper sewage system treatment fa­

cilities. According to the official data, the level of house­
hold connection to the sewerage system in the villages of 
Ivano-Frankivsk and Chernivtsi regions is extremely 
low.

In settlements without sewage or partial sewage sys­
tems, household wastewater is accumulated in decen­
tralized sanitary systems: in septic tanks or cesspools. 
Annually, a significant proportion of untreated waste 
water, which is formed in the basin, leads to nitrate and 
microbial contamination of individual drinking wells 
and surface water bodies. Current data on the number of 
decentralized sewage systems in the Prut basin is absent. 
However, such systems are a significant component of 
anthropogenic load.

The next stage of our study was calculation of two 
indicators of agricultural load to assess the risks from the 
main factors of diffuse water pollution: growing of culti­
vated plants and livestock. The first indicator describes 
the probability of diffuse pollution from agricultural ac­
tivities, in particular, from the use of fertilizers, pesti­
cides and other plant protection products. The indicator 
uses common variables for the quantitative representa­
tion of agricultural activities.

In Ukraine, information on agricultural land is pre­
sented only in accordance with the administrative-terri­
torial units that are not connected with the catchment 
area of the river basins. The smallest statistical unit is the 

Fig. 3. Providing tourist services to Ivano-Frankivsk and Chernivtsi regions for water supply and sewage services:
1 ‒ the boundaries of administrative areas; 2 ‒ the regional administrative center and its name; 3 ‒ boundaries of administrative 
districts; 4 ‒ district center and its name; 5 ‒ the river and its name
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district. The indicator was calculated for a portion of the 
river basin, which is completely in line with the territory 
of the district. This means that such a part of the river 
with all water bodies has the same impact of diffuse 
source of pollution.

The diffuse pollution indicator (Sagri) was calculat­
ed by the formula: Sagri = Aagri/AWB, where Aagri is 
the area of agricultural land in the catchment, km2; 
AWB is a catchment area, km2.

The following scale was used to assess the risk:
Sagri > 0.3 ‒ ecological risk is available;
0.1 < Sagri < 0.3 ‒ ecological risk is possible;
Sagri < 0.1 ‒ ecological risk is conditionally absent 

(minimal).
According to this criterion, the water bodies of the 

Prut river basin within the limits of the districts of Kits­
man, Kolomyia and Sniatyn are at risk.

The second indicator describes the probability of 
diffuse contamination from typical pollutants coming 
from the surface runoff from livestock farms, namely 
biogenic substances with potentially toxic (e. g, NH4) or 
chronic effects (e. g. PO4) that change the biological 
quality elements and organic substances from a poten­
tial negative effect on the oxygen regime of the water.

The diffuse load indicator (Ihus) from livestock was 
calculated by the formula: Ihus = Ue/Awb, where Ue is 
the total average arithmetic index [10] (for each animal 
species: cattle, goats, pigs, poultry, horses, sheep) mul­
tiplied by the number of individuals.

Ue = (Ue cattle + Ue sheep + Ue pigs + Ue poultry +
+ Ue horses + Ue goats)/6.

Below is the numerical value of Ue for each animal 
[10]:

Ue for cattle ‒ 0.7;
Ue for sheep ‒ 0.07;
Ue for pigs ‒ 0.3;
Ue for poultry ‒ 0.01;
Ue for horses ‒ 0.8;
Ue for goats ‒ 0.1.
The scale was used to assess the risks:
Ihus > 1.0 – a water body at risk;
0.3 < Ihus < 1.0 – possibly at risk;
0 < Ihus < 0.3 – not at risk.
The initial data on the number of livestock in the 

Prut basin was derived from statistical data for Ivano-
Frankivsk and Chernivtsi regions [7, 8]. Water bodies 
within the Hertsai district of the Chernivtsi region are 
“at risk”, for others the risk from the probable diffuse 
contamination (from livestock) is minimal. The data 
from Ivano-Frankivsk region is not sufficient to assess 
the risks of diffuse contamination associated with live­
stock production.

Conclusions. The methodological foundations of 
balanced development of hydro ecosystems have been 
further developed. These are multicomponent dynamic 
systems that are under the influence of human engineer­
ing and economic activity and to a certain extent deter­
mine this activity [11]. In particular, the methodology 
for estimating loads on the river basin has been further 

developed by using a method for identification and as­
sessment of sources of human anthropogenic pollution 
in accordance with the requirements of the EU Water 
Framework Directive, calculation of load indicators, 
which allows the development and implementation of 
effective methods and tools for controlling the environ­
mental safety of hydroecosystems. For the first time, 
based on official statistical information, the main factors 
of loads and influences on the Prut ecosystem are sub­
stantiated by calculating environmental risk indicators 
from waste water, agriculture and livestock.

The main pollutants of the Prut River ecosystem are 
diffuse sources. Lack of a centralized drainage system 
causes the emission of organic and nutrient compounds 
to the water bodies. According to the results of calculat­
ing the diffuse load indicators, the water bodies in the 
Kitsmanskyi, Kolomyiskyi and Sniatynskyi districts, 
where widespread development of cultivation of crops 
has taken place, are possibly at risk. In Hertsayivskyi 
district, which is connected with the functioning of the 
livestock industry, water bodies are possibly at risk, too. 
The largest point sources of polluters in the Prut River 
basin are communal enterprises of Kolomyia and Cher­
nivtsi settlements.

The obtained results are the basis for adaptation of 
European approaches to balanced development of hydro 
ecosystems, integrated water resources management 
and development of measures to minimize risks from 
human activities in the Prut River basin. The studies 
were tested in the framework of the EU project “Envi­
ronmental Protection of International River Basins” 
(EPIRB).
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Мета. Виконати кількісно-якісну оцінку впли­
вів точкових і дифузних джерел антропогенного за­
бруднення на басейн Прута в межах України.

Методика. На основі опрацьованої статистичної 
інформації й використання керівного документу 
щодо аналізу впливів і оцінювання ризиків відпо­
відно до Водної Рамкової Директиви ЄС (проект 
ЄС „Охорона навколишнього середовища міжна­
родних річкових басейнів“) проведені розрахунки 
індексів навантаження від чотирьох факторів впли­
ву на Прутську екосистему, а саме: від об’ємів ски­
дів неочищених стічних вод, загальної частки стіч­
них вод у річці, від сільського господарства та тва­
ринництва.

Результати. Проаналізовані та оцінені основні 
антропогенні навантаження на басейн ріки Прут у 
межах Івано-Франківської та Чернівецької облас­
тей України від точкових і дифузних джерел. Фак­

тично підтверджено, що основними забруднювача­
ми Прутської екосистеми є дифузні джерела. Нека­
налізована місцевість є причиною емісію органіч­
них і біогенних сполук до річкового басейну. За ре­
зультатами розрахунку індикаторів дифузного на­
вантаження „можливо під ризиком“ є водні масиви 
у Кіцманському, Коломийському та Снятинському 
районах від сільського господарства, а в Герцаїв­
ському – через тваринництво. Найбільшими точко­
вими забруднювачами р. Прут є комунальні підпри­
ємства населених пунктів Коломия та Чернівці.

Наукова новизна. Набула подальшого розвитку 
методологія оцінювання навантажень на річковий 
басейн шляхом індикаторів навантаження, що до­
зволяє розробляти та впроваджувати ефективні ме­
тоди й засоби керування екологічною безпекою 
водних екосистем.

Практична значимість. Отримані результати є 
основою для адаптації європейських підходів до ін­
тегрованого управління водними ресурсами й роз­
робки заходів з мінімізації ризиків від антропоген­
ної діяльності в басейні Пруту. Робота знайшла 
практичне впровадження на національному рівні у 
процесі розроблення проекту Плану управління 
річковим басейном Пруту в рамках міжнародного 
проекту ЄС „Охорона довкілля міжнародних річ­
кових басейнів“ (EPIRB) та вдосконаленні системи 
моніторингових досліджень вод на території Кар­
патського національного природного парку.

Ключові слова: екологічна безпека, точкові та ди-
фузні джерела забруднення, індикатори наванта-
ження

Антропогенное воздействие от точечных 
и диффузных источников загрязнения 

в бассейне Верхнего Прута

М. В. Корчемлюк1, Л.Н. Архипова2, 
Р. Л. Кравчинский1, Ю. Д. Михайлюк2

1 ‒ Карпатский национальный природный парк, 
г. Яремче, Ивано-Франковская область, Украина, е-mail: 
martakor@yahoo.com; kravchinski@ukr.net
2 ‒ Ивано-Франковский национальный технический 
университет нефти и газа, г. Ивано-Франковск, Украи­
на, е-mail: konsevich@ukr.net; julja-mihayyljuk@rambler.ru

Цель. Выполнить количественно-качественную 
оценку воздействий точечных и диффузных источ­
ников антропогенного загрязнения на бассейн 
Прута в пределах Украины.

Методика. На основе разработанной статисти­
ческой информации и использования руководяще­
го документа по анализу воздействий и оценки ри­
сков в соответствии с Водной Рамочной Директи­
вой ЕС (проект ЕС „Охрана окружающей среды 
международных речных бассейнов“) проведены 
расчеты индексов нагрузки от четырех факторов 
влияния на Прутскую экосистему, а именно, от 
объемов сбросов неочищенных сточных вод, об­
щей доли сточных вод в реке, от сельского хозяй­
ства и животноводства.
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Результаты. Проанализированы и рассчитаны 
основные антропогенные нагрузки на бассейн реки 
Прут в пределах Ивано-Франковской и Черновиц­
кой областей Украины от точечных и диффузных 
источников. Фактически подтверждено, что основ­
ными загрязнителями Прутской экосистемы явля­
ется диффузные источники. Неканализированная 
местность является причиной эмиссии органиче­
ских и биогенных соединений в речной бассейн. 
По результатам расчета индикаторов диффузной 
нагрузки „возможно под риском“ являются водные 
массивы в Кицманском, Коломыйском и Снятин­
ском районах от сельского хозяйства, а в Герцаев­
ском ‒ от животноводства. Крупнейшими точеч­
ными загрязнителями р. Прут являются комму­
нальные предприятия населенных пунктов Коло­
мыя и Черновцы.

Научная новизна. Получила дальнейшее разви­
тие методология оценки нагрузок на речной бас­
сейн путем расчета индикаторов нагрузки, что по­
зволяет разрабатывать и внедрять эффективные 

методы и средства управления экологической без­
опасностью водных экосистем.

Практическая значимость. Полученные резуль­
таты являются основой для адаптации европейских 
подходов к интегрированному управлению водны­
ми ресурсами и разработки мер по минимизации 
рисков от антропогенной деятельности в бассейне 
Прута. Работа нашла практическое внедрение на 
национальном уровне при разработке проекта Пла­
на управления речным бассейном Прута в рамках 
международного проекта ЕС „Охрана окружающей 
среды международных речных бассейнов“ (EPIRB) 
и совершенствовании системы мониторинговых 
исследований вод на территории Карпатского на­
ционального природного парка.

Ключевые слова: экологическая безопасность, 
точечные и диффузные источники загрязнения, инди-
каторы нагрузки
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