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Estimating environmental risk assessment for drinking and fisheries use (on the example of the 
Danube river – the city Vilkovo)
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Abstract. The Danube is a source of water for the household and industrial needs of 
Ukrainian population, industry and agriculture. The Danube waters are used for drinking 
centralized water supply in the cities of Kiliya and Vilkovo, as well as fisheries in the 
region. Therefore, it was important to carry out the “Environmental Risk Assessment for 

Drinking and Fisheries Use (on the example of the Danube River –the city Vilkovo)”. The purpose of the study was to evaluate the 
effectiveness of the application of the environmental risk criterion R on the basis of hydrochemical observations to verify the safety of 
drinking and fishery use. Analysis of environmental problems of the lower Danube River - Vilkovo; assessment of the environmental 
situation; calculation of water quality risk indicators according to the methodology of the Institute of Market Problems and Economic 
and Environmental Research of the NAS of Ukraine; establishing a link between water quality and risk is the finding of the research. 
It is established that the environmental situation is “critical” due to suspended substances, phenols, manganese and HCC for drinking 
water supply and “strained” through chromium, manganese, HCC, copper for fishery use. An assessment of the water quality by 
the modified Water Pollution Index (IWM) showed that the water is “moderately polluted” and “contaminated”. For both types of 
water use, normalized aggregated pollution indices were calculated taking into account the likelihood of a risk event occurring and 
R risk indicators were determined by year. It is established that there is a close linear relationship between WSS and R. It is shown 
that environmental risk estimates, based on the probability of exceeding concentrations of pollutants above the MPC, reflect well the 
ecological status of the water.

Keywords: hydrochemical indicators, Danube, drinking and fishery use, ecological risk, maximum permissible concentration, hydro-
chemical pollution index, ecological situation, security

Оцінювання екологічних ризиків для питного та рибогосподарського використання (на 
прикладі р. Дунай – м. Вилкове)
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Анотація. Дунай - це джерело води для господарсько-побутових потреб населення, промисловості, сільського господарства 
України. Води Дунаю використовуються для питного централізованого водопостачання міст Кілія та Вилкове, також 
значний розвиток у регіоні має рибальство. Тому актуально було виконати «Оцінювання екологічних ризиків для питного 
та рибогосподарського використання (на прикладі р. Дунай - м. Вилкове)». Метою дослідження була оцінка ефективності 
застосування критерію екологічного ризику R на основі даних гідрохімічних спостережень для перевірки безпеки питного 
та рибогосподарського використання. Завдання роботи: аналіз екологічних проблем нижньої течії річки Дунай – м. Вилкове; 
оцінка екологічної обстановки; розрахунок показників ризиків якості води за методикою інституту проблем ринку та еконо-
міко-екологічних досліджень; встановлення зв’язків між показниками якості води та ризику. Установлено, що екологічна об-
становка є «критичною» через завислі речовини, феноли, манган та ХСК для питного водопостачання та «напруженою» через 
хром, манган, ХСК, мідь для рибогосподарського користування. Оцінка якості води за модифікованим індексом забруднення 
води (ІЗВм) показала, що вода є «помірно забруднена» та «забруднена». Для обох видів водокористування були розраховані 
нормовані агреговані індекси забруднення з урахуванням ймовірності настання ризикової події та визначені показники 
ризику R по роках. Установлене існування тісного лінійного зв’язку між ІЗВм та R. Показано, що оцінки екологічних 
ризиків, розрахунки яких базуються на ймовірностях перевищення концентрацій забруднювальних речовин над ГДК, добре 
відображають екологічний стан води.

Ключові слова: гідрохімічні показники, Дунай, екологічний ризик, індекси забруднення, екологічна обстановка, забезпеченість.
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Introduction. 

The Danube is the largest river in Western Eu-
rope (length is 2960 km, basin area is 817 thousand 
km2). There are 19 countries fully or partially located 
within the river catchment (Our Waters, 2007), and its 
value for 80 million people is difficult to overestimate 
(WWF, 2002).

A small section of the Danube River (170 km) 
from Reni to its mouth runs through the territory of 
Ukraine. Above the Romanian city, the Tulcea River 
is divided into three branches (Kiliysky, Sulinsky, and 
Georgievsky) and flows into the Black Sea. The most 
waterlogged of them is the Kiliysky sleeve (129 km3 / 
year) passing through the border area of Romania and 
Ukraine (Lozovitskyi, 2015).

The Danube Delta is included in the WWF (Glob-
al-200) list of the most valuable sites on Earth. In the 
northeastern part of it there is the Danube Biosphere 
Reserve, where 4300 species of fauna and flora are 
inhabited (WWF, 2002), dozens of which are on the 
verge of extinction. Delta ecosystems are a source of 
valuable natural resources.

On the other hand, the Danube is a source of 
water for domestic and industrial needs of Ukrainian 
population, industry and agriculture. The total water 
abstraction from the river within Ukraine exceeds 2 
billion m3, and the number of water users is about 150 
(WWF, 2002). Danube waters are used for drinking 
centralized water supply in the cities of Kiliya and 
Vilkovo (Rehionalnaprohrama; Safranov, & Chuhai, 
2017), and fisheries have significant development in 
the region.

Ukraine is lagging behind the developed coun-
tries in terms of average life expectancy, and high 
mortality is largely related to the consumption of poor 
drinking water. (Krainiukov, &Yakusheva,2016). 
About 80% of drinking water supply in Ukraine is 
from surface water bodies, in which water according 
to hydrochemical pollution indicators has the III-IV 
quality class - moderately polluted and polluted water 
(Khvesyk,&Yarotska, 2004). Therefore, it was impor-
tant to carry out the “Environmental Risk Assessment 
for Drinking and Fisheries Use (on the example of the 
Danube River – the city Vilkovo)”. The purpose of 
the study was to evaluate the effectiveness of the ap-
plication of the environmental risk criterion R, which 
was calculated on the basis of hydrochemical obser-
vations. The objective of the work was to analyze 
the environmental problems of the lower Danube - 
Vilkovo; assessment of environmental conditions and 
water quality; calculation of water quality risk indica-
tors according to the methodology of the Institute of 
Market Problems and Economic and Environmental 

Research, Odessa; establishing a link between water 
quality and risk.

Literature review. 

In the mid-twentieth century, the banks and the 
lakes of the river Danube were collapsed, most of 
the floodplain lands and islands were converted into 
agricultural lands, and the water regime of the lakes 
became regulated. Such transformations have led to 
a violation of the delta’s ability to filter very turbid 
Danube water, to precipitate sediment, to trap pollut-
ants. All these processes affect the chemical composi-
tion of the Danube Delta water.

It is established (Khilchevskyi, 2019) that at ion-
ic runoff of the Danube into the Black Sea 70231x10 
t/year, 61 % of salts are carried out by the Kyliya 
branch, 20 % by Georgievsky, and 19% by Sulinsky. 
And the ion runoff of the entire Danube basin is 95,2 
t/ km per year.

In Ukraine, scientists from the Institute of Hy-
drobiology of the Academy of Sciences have been 
engaged in research of the lower Danube for many 
years. In (Harchenko et al,1993) the basic regularities 
of formation of hydrobiological, hydrochemical and 
hydrological regimes of the river are shown, the ques-
tion of increasing anthropogenic influence on aquatic 
ecosystems of the Danube is considered. The waters 
of the river are moderately polluted with phenol con-
tent. The pollution of the Danube water by heavy met-
als (copper, zinc, chromium, manganese) is charac-
teristic with high and very high levels (Lozovitskyi, 
2015). The removal of heavy metals into the river is 
largely determined by the impact of point sources - 
wastewater from municipal and industrial enterprises 
(Klebanov, &Osadcha, 2012).

Researchers at the Ukrainian Hydrometeorologi-
cal Research Institute have shown that the greatest 
amount of nitrogen in the Danube ecosystem comes 
from agriculture (Osadcha, &Klebanov, 2016)and the 
discharge of untreated or partially treated wastewater 
(OurWaters, 2007), which has a significant impact on 
the Danube delta ecosystem. In the shelf zone, there is 
a «flowering» of water in the warm season, a decrease 
in biodiversity and fish stocks. In the early 1990s, due 
to the crisis in Eastern Europe and in Ukraine, the 
amount of nitrogen decreased, but the state of the eco-
system did not improve (Osadcha, &Klebanov, 2016).

Specialists of the Odessa State Ecological Uni-
versity conducted an analysis of the main sources of 
anthropogenic load on natural waters of the Odessa 
region and an assessment of the level of surface water 
pollution and technogenic load on the water objects 
of the Odessa region by the volume of discharges of 
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wastewater and pollutants (Chuhai, &Dzhura, 2018). 
The quality of the surface waters of the Odessa re-
gion, including the Danube River, is characterized as 
«polluted». The volume of discharges of wastewater 
and pollutants tends to gradually decrease the level of 
technogenic load from 2012 to 2016.

The report (Osadchyi, 2017) states that the re-
sults of the processing of long-term hydrochemical 
information obtained from the observation network of 
the Hydrometeorological Service of Ukraine (1989-
2015), and on the basis of ecological assessment of 
surface water quality, can be concluded about the 
beginning of stabilization and some shifts towards 
improvement ecological status of surface waters of 
Ukraine in almost all river basins, including the Dan-
ube River.

The paper (Khilchevskyi, 2019) characterizes the 
chemical composition of river water in the Ukrainian 
part of the Danube basin from the standpoint of mod-
ern hydrographic zoning of Ukraine (2016) by areas 
of river basins.

In order to preserve the Danube ecosystem and 
ensure the sustainable use of its resources, an Interna-
tional Commission for the Protection of the Danube 
River Basin was established in 1998 and a program 
of the Transboundary National Monitoring Network 
(TNMN) (Joint Danube Survey 2, 2008). In 2002, 
Ukraine acceded to the Convention for the Protection 
of the Danube River, which brings together efforts by 
all Danube countries to reduce pollution. Phased en-
vironmental plans and their implementation, balanced 
management of point and diffuse discharges, will re-
duce pollution of the Danube.

Object, subject and research methods. 

The object of the study is the hydrochemical indi-
ces of water at the Danube River - Vilkovo compared 
to the limit values for drinking and fishery use. The 
calculations were made on the basis of data from the 
Danube Basin Water Management on the chemical 
composition of water in the Danube - Vilkovo Forma-
tion for 2009-2018.

The subject of the study is to evaluate the like-
lihood of significant risks of water pollution in the 
Danube River near the drinking water intake. Envi-
ronmental risk is the likelihood of an event that is 
caused by the impact of economic and other activities, 
natural and man-made emergencies and has adverse 
effects on the environment (Methodical Recommen-
dations, 2016).

Research Methods: Methods for Environmental 
Assessment (Muzalevskiy, &Karlin, 2011); the meth-
od of calculations of the WFD modified (Snizhko, 

2001); methodology of environmental risk assess-
ment developed at the Institute of Market Problems 
and Economic and Environmental Research, Odessa 
(Methodical Recommendations, 2016).

The results of the work and their discussion. 

Environmental assessment allows us to deter-
mine the ecological status of water bodies and to de-
termine the cumulative effect of pollutants.

Standardizing the quality of the main compo-
nents of the natural environment is to set limits for 
acceptable changes in their properties. Standards 
should be set by the response of the most sensitive 
organism-indicator, but practically most often set 
sanitary-hygienic or economically feasible standards 
(Muzalevskiy, &Karlin, 2011). The environmental 
quality of the pollution level is considered satisfacto-
ry if two basic conditions are met: the concentrations 
of the pollutants Ci should be less than their maxi-
mum permissible concentration (MPCi) (Ci≤ MPCi) 
and if there is a group of unidirectional substances 
simultaneously present in the aquatic environment, 
the sum of the ratio of their concentrations should be 
less than one (≤ 1). This condition for water bodies 
is determined on the basis of limiting indicators of 
harmfulness. In comparison with the MPC values, the 
ecological situation is characterized by the degree of 
disadvantage according to the Table 1 (Muzalevskiy, 
&Karlin, 2011).

In the first stage of the calculations the relation  
was established. The number of exceedances of MPC 
for each hydrochemical substances was determined 
for the entire observation period and the empirical 
probabilities of exceeding the MPC were calculated 
(Table 2, Table 3). The empirical probability of ex-
ceeding the MPC was calculated as the ratio of the 

Table 1. Classification of environmental conditions 
(Muzalevskiy, &Karlin, 2011)

Environmental Situ-
ation

Criteria for assessing the environmental 
situation

Relatively satisfac-
tory

Сi ≤ МPCі, for all substances

Tense Сi≈ 10 МPCі

Critical Ci ≈ (20-30) МPCі

Crisis (environmen-
tal emergency)

Сi> 50 МPCі, Persistent negative chang-
es in the natural environment. The dis-
appearance of certain species of animals 
and vegetation. Threat to human health.

Catastrophic (envi-
ronmental disaster)

Deep irreversible changes in the natural 
environment. Imbalance, degradation of 
flora and fauna, loss of gene pool. Poor 
health.
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number of cases when Cu> MPC to the total number 
of cases (Venttsel, 1999). The MPC values were used 
for drinking water supply (DSTU 4808:2007) and 
fishery water use (Osadchyi et al, 2008).

Table 2. Empirical probability of exceeding the MPC (%) 
chemicals in the water in the collection area for drinking water 
supply at Danube River Point - Vilkovo for 2009-2018

Substance Сі ≤ 
MPC

Сі ≈ 1-10 
MPC

Сі ≈ 10 
-50 MPC

Сі>50 
MPC

Suspended 
matter

33 16 51 -

Nitrile Nitro-
gen

100 - -

Iron 99 1 - -
HSC 82 18 - -
BSC5 97 3 - -
Chromium 
(VI)

100 - - -

Zinc 93 7 - -
Copper 100 - - -
Manganese 93 7 - -
Phenols 66 36 - -
SPAR 100 - -

Table 3. Empirical probability of exceeding the MPC (%) 
chemicals in the water for fishery use at Danube River Point – 
Vilkovo for the years 2009-2018

Substance Сі ≤ 
MPC

Сі> 1-10 
MPC

Сі ≈ 10 
-50 MPC

Сі>50 
MPC

Suspended 
matter

30 70 - -

Nitrile Nitro-
gen

59 41 - -

Iron 80 20 - -
HSC 42 58 - -
BSC5 76 24 - -
Chromium 
(VI)

20 80 - -

Zinc 72 28 - -
Copper 52 47 1 -
Manganese 29 67 4 -
Phenols 61 39 - -
SPAR 98 2 - -

20 substances were investigated in total. Sub-
stances such as dissolved oxygen, ammoniacal nitro-
gen, nitric nitrogen, phosphates, sodium, magnesium, 
calcium, chlorides, sulfates and petroleum products 
were not observed for both uses in the study period 
of excess MPC.

The largest chemical pollutants for drinking wa-
ter are suspended substances, phenols and chemical 
oxygen demand (COD). It has been found that in the 

Danube river basin - Vilkovo for the period of 2009-
2018 exceeding of the maximum permissible concen-
trations by 1.1 - 10 times for drinking water supply 
take place for phenols (36%), manganese (7%), HCC 
(18%) and suspended solids. For suspended substanc-
es, conditions C up to 10 MPC and C in the range 
of 10-50 MPC are fulfilled, exceedances of up to 10 
times amounted to 16% and 10-50 times - 51%.

If not to take into account the suspended matter, 
it can be said that the ecological situation in the Dan-
ube - Vilkovo for water collection as drinking water 
supply in the studied period is in most cases «relative-
ly satisfactory». The empirical probability of exceed-
ing the MPC of chemicals in drinking water supply 
within 10-50 times more than 50% is established only 
for suspended substances and is 51% (Table 2). This 
means that taking into account the suspended matter 
according to the classification of the ecological situ-
ation according to the Tables 1 and 2 in the Danube 
formation - Vilkovo, a «critical» ecological situation 
was observed.

The major pollutants for fishery use are chro-
mium, suspended solids, manganese, chemical oxy-
gen demand, copper, nitrite nitrogen, phenols and 
biological oxygen consumption for 5 days (BSC5). In 
the Danube River Basin - Vilkovo, for the period of 
2009-2018, the excess of MPC by 1.1 - 10 times for 
fishery use was observed for chromium (80%), sus-
pended solids (70%), manganese (67%), HCC (58%), 
copper (47%), nitrite nitrogen (41%), phenols (39%), 
zinc (28%), BSC5 (24%), iron (20%). This means that 
the environmental situation is “tense”. It should also 
be noted that for fisheries there were single cases of 
exceedances of MPC 10-50 times in copper and man-
ganese, i.e. in some periods the environmental situa-
tion worsened to «critical».

In the second stage of the calculations, an as-
sessment of water quality was performed accord-
ing to a comprehensive indicator - the Water Pollu-
tion Index (SOI) (Osadchyi, Nabyvanets, Osadcha, 
&Nabyvanets, 2008). The calculation of UZV is per-
formed on a limited number of ingredients. The modi-
fied SPI index was calculated using the following 
indices: dissolved oxygen, BOD5, which are manda-
tory, and the other four indices are the highest relative 
to the MPC from the list of tested substances. The SIR 
is calculated by the formula (Osadchyi et al, 2008, 
Khilchevskyi et al, 2012):

      (1)

where Ci is the average concentration of one of 
the six water quality indicators, and the MPCi is the 
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maximum permissible concentration of each of the 
six water quality indicators.

According to the magnitudes of the calculated 
water sources, the water quality is evaluated. Wa-
ter quality classes (Osadchyi et al, 2008) are distin-
guished as follows: I - very pure (WFD ≤0,2); II - pure 
(WFD 0,2-1,0); ІІІ - moderately contaminated (WFD 
1,0-2,0); IV - contaminated (WFD 2.0-4.0); V - dirty 
(WFD 4.0-6.0); VI - very dirty (WFD 6,0-10,0); VII - 
extremely dirty (WFD > 10).

The following MPCs (mg / dm3) were used to cal-
culate the WFD modified for drinking water supply 
(Table 4): suspended matter - 31.5; manganese - 0.05; 
HSC - 15; phenols - 0.001 (DSTU 4808:2007). WFD 
values (Table 4) show that according to the standards 
for drinking water supply, water, mainly (78%), be-
longs to Class IV - «contaminated». In 2012, 2015 the 
water quality according to the calculated index was 
class III - «moderately polluted».

The following MPCs (mg / dm3) were used to 
calculate the WFD modified for fishery purposes wa-
ter objects (Table 4): manganese - 0.01; HSC - 15; 
chromium - 0.001; copper - 0.001 (Osadchyi et al, 
2008). WFD values (Table 4) show that according to 
fishery standards water belongs to the II class - «mod-
erately polluted» - 56% and to the IV class - «pol-
luted» - 44%.  

In the next stage of calculations, the value of en-
vironmental risk is determined.

Environmental risk is the likelihood of an event 
occurring, which is caused by the negative impact of 
economic and other activities, natural and man-made 
emergencies and has adverse effects on the environ-
ment (Loboda, &Otchenash, 2017). 

A risk event is defined as an undesirable event 
that can harm the environment, human health (Me-
thodical Recommendations, 2016). Any economic or 
other decisions should be made in such a way that 
they do not exceed the limits of the harmful effects 
on the environment. Sometimes it is difficult to set 
them because the thresholds for the influence of many 
anthropogenic and natural factors are unknown.

The permissible environmental risk is the risk 
of environmental damage when the concentrations 
of pollutants do not exceed the MPC. The maximum 
risk arises when the concentration of the pollutant 

exceeds the limit value. Beyond the maximum per-
missible risk is the risk of catastrophic contamination 
(Yurasov et al, 2011).

Environmental risks are assessed by the likeli-
hood of adverse effects on the exploitation of natural 
resources. In this case, the relationship between the 
concentration of the substance C and its MPC can be 
included in the quantitative estimates of risk events: 
(C / CMPC).

Identification of pollution risks is associated with 
activities aimed at identifying the possibility of ad-
verse events, changes in the quality of the aquatic 
environment, which impair the functionality of the 
water body and other consequences that can lead to 
any damages, losses (Methodical Recommendations, 
2016, Kulachok, &Loboda, 2019).

A sufficient basis for determining the existence of 
a risk is the presentation of two conditions: the likeli-
hood of occurrence of risk events and the susceptibil-
ity of the object to external influences (the possibility 
of receiving significant damage).

When solving the risk assessment tasks, the R 
values are calculated based on the determination of 
the concentration ratio of the pollutant and its MPC 
(Methodical Recommendations, 2016):

                    R ≅Cі>СMPC,   (2)

                   R = Сі/ СMPCі> 1,  (3)

                   R = СMPCі/ Сі>1, (4)

where C is the concentration level of the i-th con-
taminant; R is a quantitative indicator of risk; SGCI 
is the maximum permissible concentration for the 
i-th contaminant. SGDi is assigned depending on the 
type of water user (DSTU 4808:2007, Osadchyietal., 
2008). In identifying the risks of environmental and 
human health damage in the event of environmental 
contamination with several independent chemicals, a 
standardized aggregated pollution index can be used 
in the form (Metodychnirekomendatsii, 2016) of:

,     (5)

Table 4. Modified WFD index in Danube basin - Vilkovo for 2009-2018
Year 2009 2010 2011 2012 2013 2014 2015 2017 2018

for drinking water supply
WFDm 2.58 3.15 2.00 1.69 2.68 2.70 1.90 2.08 3.24

for fishery purposes
WFDm 1.42 1.40 1.43 2.38 2.26 2.10 1.58 1.81 2.36

M. E. Daus, Y. V. Daus                                                                                                     Journ. Geol. Geograph. Geoecology, 30(1), 25–33.



30

where n - is the number of chemicals considered.
Given the likelihood of a risk event, the risk in-

dicator looks like (Metodychnirekomendatsii, 2016):

   (6)

where Cі is the concentration of the i-th contami-
nant; СMPCі is the maximum permissible concentra-
tion; Nai - the number of samples exceeding the MPC 
this year; Ni - the total number of samples taken per 
a year.

As a result of the calculations, a risk indicator for 
drinking water supply and fishery needs was obtained 
for each year (Table 5).

When preparing management decisions related 
to risky events, a qualitative and quantitative assess-
ment of possible risk situations is required. Qualita-
tive assessment allows to evaluate possible risk areas 
by the following criteria: Acceptability - identifica-
tion of risk acceptance; admissibility - identification 
of acceptable risk; criticality - identification of the 
zone of critical risk; inadmissibility - identification of 
catastrophic risk zone (Methodical Recommendations 
2016).

In this technique, it is axiomatic to assume that 
most business results, including those that cause en-
vironmental pollution (in particular, aquatic environ-
ment), are random variables and obey a law close to 
normal (Gauss law). The normal law of distribution 
of random variables is very often used in the study of 
risk indicators. Checking the correspondence of the 
investigated random variable R for subordination to 
its normal distribution law is made on the basis of the 
Gaussian criterion (Venttsel, 1999):

    (7)

where 𝜎R is the root mean square deviation of the 
risk index Ri from its arithmetic mean, and 𝜌R is the 
arithmetic mean deviation.

The results obtained are recorded in table 6.
Based on the results of the calculations, it is con-

cluded that the obtained series R for drinking water 
supply and fishery purposes are subject to the normal 
law of distribution. Using the obtained values of the 

R and Risk Modified Indicators, WFD modified com-
munication graphs were constructed and linear re-
gression equations were obtained for drinking water 
supply (Fig. 1) and for fishery purposes (Fig. 2).

The analysis showed that there is a close linear 
relationship between the risk characteristics and the 

water quality characteristics, which is estimated by the 
correlation coefficients r = 98 (Fig. 1) and r = 94 (Fig. 
2). We see that the greater the WFD value, the greater 
the value of R, i.e., with the increase of pollution, 
the risk indicator increases. It also should be noted, 
that for both types of water use similar equations are 
obtained, the calculation of which is within the error 
of the original data.

According to the table of water quality classes, 
depending on the value of the WFD index and the 
obtained WFD and R correlation graphs (Fig. 1, 
Fig. 2), the correspondence of the water quality classes 
and the qualitative and quantitative characteristics of 
the level of damage was established (Table 7).

According to the R data, an empirical distribution 
curve of the security of this random variable was con-
structed (Fig. 3). Security is the probability of exceed-
ing a given value. It is calculated by the following 
formula (Venttsel, 1999):

    (8)

where P - is the provision; m - is the value of R in 
the decreasing ranked row; k - is the number of values 
in a row.

At the empirical curve, risk zones are highlighted 
(Fig. 3). Thus, in everyday practice, it is possible 
to determine the risk areas depending on the value 
assumed by the value of R, as determined by 
hydrochemical observations.

Table 5. Risk indicator for Danube river basin - Vilkovo for 2009-2018
Year 2009 2010 2011 2012 2013 2014 2015 2017 2018

for drinking water supply
R 14.30 17.60 11.06 7.57 14.51 14.71 10.07 11.33 18.51

for fishery purposes
R 8.0 7.2 6.2 12.9 11.6 11.6 7.7 9.5 13.77

Table 6. Statistical parameters of a number of risk indicators R

The arithmetic mean 
Ram

Mean square devia-
tion ϬR

Gaussian 
criterion

for drinking water supply

13.29 3.57 1.23
for fishery purposes

9.83 2.72 1.16
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Conclusions.
- The main pollutants in water of the Danube 

River Basin - Vilkovo for the years 2009-2018 are 
suspended substances, phenols, manganese and 
HCC that limit drinking water supply. For suspended 
substances, the empirical probability of exceeding 
the MPC of drinking water supply by 10-50 times 
more than 50% is established, therefore the “crisis” 
ecological situation is determined. For fishery use, the 

main pollutants in the Danube River Basin - Vilkovo 
for the 2009-2018 years are chromium, suspended 
matter, manganese, HCC, copper, and nitrite nitrogen. 
The environmental situation is “tense”.

- Assessment of water quality according to 
the modified WFD showed that according to the 
standards for drinking water supply, water was 
mainly (78%), grade IV quality - «contaminated»; 
According to fishery standards, water was classified 

Fig. 2.Schedule for R fisheries and WFD modified for fishery purposes in the Danube Basin - Vilkovo, 2009–2018.

Fig. 1. Schedule of communication between R and SIC modified for drinking water supply in the Danube 
basin - Vilkovo, 2009–2018.

Table 7. Quantitative characteristics of the probability of damage

WFD R Quality class of water

Quality

characteristic of

the level of damage

Quantitative character-
ization of the probabil-

ity of damage Risk zone 

< 0.2 < 0.5 Very pure Extremely low 0.0-0.1 No risk
0.2-1.0 0.5-4.0 Pure Very low 0.1-0.25 Acceptable
1.0-2.0 4.0-10.5 Moderately contaminated Low 0.25-0.40 Affordable
2.0-4.0 10.5-23.0 Contaminated Middle 0.40-0.60

Critical
4.0-6.0 23.0-35.0 Dirty High 0.60-0.75

6.0-10.0 35.0-61.0 Very dirty Very high 0.75-0.90 Catastrophe
> 10.0 > 61.0 Extremely dirty Extremely high 0.90-1.0 Irreversibility 

of the loss of an 
object
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as class III - «moderately polluted» (56%) and class 
IV - «polluted» (44%). 

- Normalized aggregated pollution indices were 
calculated for both types of water use, taking into 
account the probability of occurrence of a risk event 
and the risk indicators R for years were determined. 
Using the Gaussian criterion, it was confirmed that 
the calculated risk index R obeys the normal law of 
distribution.

- It is established that there is a close linear 
connection between WFD modified and R for drinking 
and fishery use (r = 99, r = 97). It is shown that the 
index R increases with the increase of the WFD.

- The correspondence of differentiation of the 
scale of water quality and qualitative and quantitative 
characteristics of the level of damage was established 
when using the risk indicator R.

- Risk zones have been established based on the 
construction of an empirical curve for the distribution 
of risk indicators. The resulting curve can be used to 
determine the risk zone depending on the value of the 
environmental risk indicator R.

- For drinking water use, R varied from 7.57 to 
18.51, for fishery needs from 6.2 to 13.77. Therefore, 
one empirical curve for the distribution of the security 
of the risk indicator R was constructed and the risk 
zones were identified: the «tolerable risk zone» (WFD 
varies within 1.0–2.0) and the «critical risk zone» 
(WFD 2.0-4.0).

- It is shown that environmental risk assessments, 
based on the probability of exceeding concentrations 
of pollutants above the MPC, reflect well the 
ecological status of water and can be used to test the 
safety of drinking and fishery use. 
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