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1. Introduction

Intensification of the activity of industrial, municipal,
and agricultural enterprises located near water bodies re-
sults in a significant deterioration of quantitative and qual-
itative indicators of the state of aquatic environment and an
increase in the level of anthropogenic load on the environ-
ment. The main reasons for this are not ordered wastewater
draining from residential settlements, economic facilities
and agricultural lands, as well as the constant discharge of
insufficiently purified water from water treatment facilities.

Such a situation requires reaction and orderly operative
control of water quality of aquatic facilities. This is only pos-
sible if we identify hazardous sources of the water pollution
and give actual assessment of the level of their impact and
load on the river basin.

That is why the system of ecological monitoring and
assessment of the impact on the water environment has been
recently designed and implemented in developed countries

[1]. However, the two proposed systems today have a num-
ber of unresolved issues when it comes to the procedure of
assessment of the ecological quality of surface water. Such
questions include, in particular, the improvement of the
methods for assessment of the negative influence of dis-
charge sources on the state of the hydrosphere. Therefore,
the most urgent area of research in this area is the develop-
ment of generalizing indicators that characterize organiza-
tional and technological aspects of environmental hazard of
water supply facilities.

2. Literature review and problem statement

Assessment of the ecological state of hydro-ecosys-
tems is based on the results of hydro-chemical, biologi-
cal, sanitary-hygienic and other types of water quality
monitoring. In addition, the data of special research into
chemical, hydro-chemical, microbiological pollution of




water, bottom sediments, and the state of fauna and flora
of water are used [1].

The results of monitoring enable the identification of
aquatic sites with deteriorated environmental characteris-
tics of hydrobionts, an increased risk of population morbidi-
ty, associated with the use of poor-quality water [2].

At present, there are different methodological approach-
es to assessment of the state of aquatic sites by the separate
individual hydrological, hydro-biological, and hydro-chem-
ical indicators or by comprehensive or integrated criteria.

The method for environmental evaluation of aquatic
ecosystems by higher water plants (HWP) [3] implies deter-
mining the index of phyto-indication of the ecological state
of aquatic ecosystems. This approach is based on an analysis
of the species diversity of the HWP cenoses, the number of
species that are sensitive to water pollution, the degree of
vegetation development facilitation by a river ecosystem.
In paper [4], it was offered to conduct the evaluation of the
qualitative state of hydro-ecosystems taking into consid-
eration the processes of the transformation of pollutants,
self-cleaning and biogenic load in the aquatic environment.
The designed procedure takes into account the dynamics
of changes and the ratio of biogenic elements to the rate
of self-purification processes in the aquatic site. However,
an essential drawback of the mentioned procedures is the
insufficient consideration of the extent of the influence of
anthropogenic load and the ecological state of littoral areas.

To resolve this problem, it was proposed in [5] to perform
assessment by the value of a comprehensive indicator of anthro-
pogenic load (CIAL). The method is based on assessment of the
blocks: “use of water resources”, “use of land resources”, “tech-
nogenic load”. This procedure was subsequently developed in
paper [6]. Given a significant impact of the area of a water body
and flood plains on the ecosystems of small river basins, it was
proposed to determine additionally the indicators, grouped into
the blocks of “flood plain” and “water body area”. However, this
approach does not take into consideration the negative impact
of hydrosphere state deterioration on the population.

There are no such shortcomings in the approach, based
on determining the level of the environmental hazard of
aquatic sites with the help of the indicators of development
of degradation processes, the impact of positive and negative
factors of the aquatic ecosystem formation [7]. The criteria
of the comprehensive assessment of surface water quality
also include a degree of the potential risk to the health of the
population in the recreational use of reservoirs and environ-
mental-hygienic indicators of the quality condition of water
sites [8, 9]. However, this criterion does not make it possible
to make a comparative assessment of the negative impact of
the separate sources of hydrosphere pollution.

The basic principles adopted of the Water Framework
Directive of the EU 2000/60/EU, adopted in 2000 are the
identification of the biological indicators of aquatic ecosys-
tems that have the greatest influence on the reproduction
of water resources [10]. The requirements of this document
were applied to the conditions of Germany in paper [11],
which was the basis for the analysis of the modern ecological
state of water sites of the country [12]. At the same time, as it
is noted in article [13], these methods need further improve-
ment, specifically, taking into account the synergic effect
of natural and anthropogenic load on aquatic communities.

Many researchers propose to evaluate the state of surface
water by a limited number of indicators. In particular, the
approach with consideration of general chemical, toxicological

and biological indicators of the water quality of rivers is pro-
posed in [14], and that of lakes in [15]. The use and analysis of
the data of observation of the state of species of bioindicators
to determine the water quality in rivers was proposed in [16],
and in paper [17], it was proposed to use them to determine
the state of hydrosphere genotoxicity. The general shortcom-
ings of these methods include the inability to establish the
degree and sources of anthropogenic influence.

Paper [18] proposes the method for water quality evalua-
tion based on the visual analysis of the state of an aquatic site
and of the littoral territory. This method makes it possible to
establish the main sources of hydrosphere pollution; however, it
is based only on qualitative assessment of unsafety of such sites.

Based on the comparison of actual values and ecolog-
ically safe concentrations, major pollutants were ranked
according to the degree of risk for surface waters [19, 20].
The approach to determining the environmental risk to
water sites, taking into consideration spatial and temporal
factors, is more common [21]. However, application of this
approach makes it possible to assess the water quality only
in the water body and does not make it possible to establish
the contribution of separate sources to the general level of
the environmental hazard.

As can seen from this review, the approaches to integrat-
ed assessment of qualitative condition of the aquatic envi-
ronment are characterized by diversity. Different authors
proposed a significant number of criteria for assessment
of the quality of aquatic ecosystems. However, none of the
proposed methods can be considered universal. The reason
for this is the need for simultaneous determining and com-
parison of a large number of indicators of state that have a
different character. The problem of assessing the impact of
one-point sources of wastewater discharge on the surface
water bodies remains unresolved.

The extent of the problem is proved by the fact that today
there is no commonly acceptable legal document that legally
approves of a certain method for water quality assessment, the
evaluation and characteristic of the impact of littoral point
sources of pollution on water sites and recommends it to be
widely used.

The attempts to introduce the methods for comprehen-
sive assessment of the ecological condition of water sites
have been repeatedly made. In particular, the Hydrochem-
ical institute of the State committee of hydrometeorology
designed the Technique for evaluation of water quality of
aquatic sites by hydrochemical indicators, according to
which water is given a certain category of quality, depending
on magnitude of conditional coefficient of complexity and
combinatory index of water pollution [22]. A significant
drawback of this procedure is a small number of indicators
used in assessing the state of the surface waters.

The procedure of comprehensive evaluation of the state
of surface waters by the indicators of salt composition, tro-
pho-saprobiological criteria, the content of specific toxic and
radiation substances was implemented in the comprehensive
regulatory document “Environmental assessment of the
quality of surface waters of land and estuaries of Ukraine”
[23]. However, it is impossible to determine the influence
of the ecological state of water environment on living or-
ganisms and humans using this procedure. The draft of
“The Methodology of ecological assessment of surface water
quality by appropriate categories” was developed in order
to eliminate these drawbacks [24]. The proposed procedure
includes additional blocks of characteristics of biotic com-



munities and bioindicative indexes, biochemical, as well as
bacteriological criteria, the data of biological testing water
and bottom sediments.

The Ukrainian scientific-research institute of hydro-
economic and environmental problems (Kyiv) developed
the Procedure for calculation of anthropogenic load and
classification of the ecological state of basins of small
rivers of Ukraine, where in addition to the mentioned in-
dicators of water quality evaluation, the indicators of ra-
dioactive contamination of territories, land management
and river runoff management are taken into account. The
inductive coefficient of anthropogenic load (ICAL), which
characterizes the level of anthropogenic load on a river
basin, is determined based of these indicators [25].

Thus, the existing procedures make it possible to
assess either the ecological state of certain water supply
sites, or that of territories. At the same time, the problem
of detection of hazardous sites and determining priority
directions of protection of water bodies in the region
remains challenging in the practice of environmental con-
trol authorities. To do this, it is necessary to determine
the level of environmental hazard of specific facilities of
national economy. At present, it is assessed by the com-
pliance of wastewater drains to the values of maximum
acceptable discharges. This approach does not take into
consideration the organizational and technological issues,
and therefore it does not make it possible to plan the
water protection activity of enterprises in the long-term
prospects.

A promising way of solving this problem is to develop a
fundamentally new approach to integrated planning of the
measures aimed at making the rivers of the region healthier.
The basis of the approach should be the estimation of prob-
ability of adverse effects of economic activity of industrial,
agricultural, municipal enterprises, heat and atomic power
plants for the natural environment and humans.

A comprehensive assessment of the influence of point
pollution sources on the ecological state of the basins of
rivers should be conducted based on the identification of
the most significant pollution sources and depletion of
river ecosystems. Such assessment will make it possible
to take scientifically substantiated managerial decisions
on the priority of the implementation of nature protection
measures and to develop a strategy for the rational water
management.

3. The aim and objectives of the study

The aim of this research is to develop the new pro-
cedure for evaluation of the level of ecological safety of
aquatic sites based on the comparison of the influence of
separate point sewage discharge sources.

To achieve the set goal, the following tasks were set:

— to develop the criterion of assessment of the degree of
environmental hazard of the sources of pollution of aquatic
sites based on analysis of essential factors of the negative
impact;

—to develop a logical-mathematical model for eval-
uation of the influence of sources of water environment
pollution taking into consideration the specified factors;

— to conduct testing of the developed model by study-
ing the influence of littoral sources of sewage waters dis-
charge on the state of aquatic sites.

4. Materials and methods of research into the influence
and assessment of the level of environmental hazard of
sources of aquatic environment pollution

According to the analysis of data in literature, there has
not been developed a comprehensive criterion of assessment
of the level of environmental hazard that would take into
consideration the system of various indicators of the impact
of separate pollution sources on an aquatic site.

That is why in this paper it is proposed to determine the
level of the environmental hazard of surface water pollutants
by the value of the total coefficient of harmful influence of
the pollution source on aquatic sites P. The developed crite-
rion takes into account the most significant indicators of the
level of anthropogenic load on the river basin, technological
risk and harmful influence of discharges on ecosystems.

In this study, it is proposed to calculate the coefficient
from formula:

P=Ar,

mean +}\’2 C +}\'3.mmcan’ (1)

where 7nean, Cmeans Mmean are the mean value of coefficient of
influence of a pollution source by the indicators of conditions
of wastewater discharge, characteristics of the wastewater dis-
charged by the pollution source into the water environment, the
pollution load on an aquatic site; 1,=0.15...0.25, 1,=0.25...0.35,
A3=0.45...0.55 are the weight coefficients by each block.

To determine the coefficient of harmful influence of a pol-
lution source on aquatic sites, the authors developed the logi-
cal-mathematical model by three blocks of indicators (Fig. 1).

The authors proposed to form the evaluation indices
of blocks 2 and 3 based on the regulations existing on the
given territory. When characterizing the sewage discharge
conditions and effectiveness of monitoring, the authors were
the first to propose to take into account additionally the
technical state of wastewater treatment facilities, the type
of discharge, the way of sewage discharge, the location of a
pollution source.

The authors recommend performing the qualitative as-
sessment of the indicators for all the blocks by the 5-point
scale that corresponds to the generally accepted scale of
evaluation of surface waters quality.

Mathematical formalization of the estimation for the
respective blocks is based on finding the mean magnitude of
the indicators, by which the category of hazard, harmfulness
and load is established.

The authors propose to represent every i-th indicator of
the three blocks (i=1, 2, 3,..., n, where n (u=1, 2, 3,..., n, where
n is the number of indicators of the units) as a vector of val-
ues of coefficients:
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The components of vectors 7, for each i-th indicator,
which can be expressed in a qualitative form, are found from
the logical function:
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where x' is the value of the i-th indicator (for block 1 — p;, for
block 2 — k;, for block 3 — s); x} is the maximum magnitudes
of the i-th indicator (Fig. 1).

If the indicator cannot be expressed in a quantitative
form, value 7, is derived from function:

’y;‘:o, if xizxf“
y,=1if x'=ux,
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After determining arithmetic mean values of the indi-
cators for each block (Tmean, Cmeans Mmean), the influence of a
pollution source on aquatic sites is assessed.

The estimation scale that is shown in Table 1 is proposed
in order to characterize the influence of littoral sources
of pollution of water environment by the indicators of the
general state and the level of hazard (unreliability, failures,
threats) for a water basin.

Table 1

Classification of sources of aquatic environment pollution by the
level of hazard (unreliability, failures, threats) for a river basin

Categor Coefficient of influence of pol- Level of hazard
(C]asf) o}; lution sources by indicators of | (unreliability, failures,
hazard conditions of sewage discharge |  threats) for a river

ana and monitoring, rmean basin
I more than 4.0 very high
11 3.1-4.0 high
111 2.1-3.0 above normal
v 1.1-2.0 close to normal
\% 0-1.0 low

It is advisable to determine the characteristic of the
influence of littoral sources of water environment pollu-
tion by the indicators of sewage pollution and the class of
harmfulness of a pollution source by the value of calculated
coefficient ¢pean from Table 2.

Table 2

Classification of sources of aquatic environment pollution by the
degree of their impact on water quality in the basin of a river

Coefficient of in- | Characteristics of the influence of a
Cat- fluence of a point point pollution source on an aquatic site
egory pollution source | Level of influ-
(class) by the indi
of haz- | 0¥ the indicators | ence on the Class of hazard
ard of sewage pollu- |water quality of
tion, cmean an aquatic site
I more than 3.0 catastrophic | extremely harmful
11 1.6-3.0 critical very harmful
111 0.6-1.5 permissible | moderately harmful
v 0-0.5 low slightly harmful
A% 0 no influence not harmful

It is proposed to determine the level of load of a pollution
source on an aquatic site by the value of the calculated coef-
ficient Myeqn from Table 3.

Table 3

Classification of sources of aquatic environment pollution by
the load on an aquatic site

Point source of pollution of aquatic environment

|

1 Block II. Characteristic ||
of sewage discharged I

by a pollution source "

Block I. Conditions of sewage
discharge and effectiveness
of moriitoring

Indicators of conditions of -
Concentrations of pollutants

Block III. Load on an
aquatic site,
transferring pollutants with
the river flow

Category | Coefficient of load on an
. . Level of load on
(class) of | aquatic site by pollution an aquatic site
hazard source, mmean 4 ‘
1 more than 4.0 unsafe
11 3.1-4.0 considerable
111 2.1-3.0 moderate
v 1.1-2.0 insignificant
\% 0-1.0 absent
The next step is the calculation
of total coefficient of harmful influ-
R 2

ence of pollution sources on aquatic
sites from formula (1). The following
classification is proposed to assess
the level of the environmental hazard

sewage discharge and

. .o . i 1 1
discharge monitoring, pi in sewage, ki

11| Share of pollutant in the total
I load on an aquatic site, si

of the sources of water environment
pollution (Table 4).

Criterion of pollution and |11

Table 4

sewage discharge and harmfulness of sewage, ci  |ii

Criteria on level of load
on an aquatic site, mi

Classification of sources of aquatic

Coefficient of influence ofa ||

environment pollution by the degree
of environmental hazard

]

point pollution source 0
by the sewage pollution I
indicators, ¢ I

5> Cmean m

Coefficient of influence
of pollution source, 7.

mean

Coefficient of load

)

Level of hazard

Level of influence of a

pollution source on water
quality of an aquatic site

of pollution source
(unreliability, faults, threats)

| |
1 |
| ]
| |
| |
| |
| |
| I
| |
| |
| |
| |
| i
| | Criteria of conditions of |
1 i
| | discharge monitoring, ri |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| 1
| |
| |

‘ Level of load on an aquatic site, P ‘

‘ Degree of ecological hazard of a pollution source |

Fig. 1. Block diagram of the logical-mathematical model for evaluating the influence of

pollution sources on water sites

It on alr11 aguatic site from Total coefficient Character
a pollution source, m,,,, of hazardous A
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I i influence of a
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! . q pollution source | . |
1| Level of load on an aquatic site ar on aquatic Vlrﬁnme(rilta
|
! sites, P avar
M pean I more than 3.5 Extremely
azardous
II 21-35 hazardous
I 11-2.0 moderately
T hazardous
v 0.1-1.0 Shi}ﬂgugaz'
\Y% 0 safe




The developed classification of sources of water environ-
ment pollution is fully consistent with the requirements and
the classification of quality state of surface water, presented
in “The Water Framework Directive of the European Union”
(2000/60 EU) [10].

In this paper, it is proposed to carry out the pre-selection
of the biggest sources of pollution of water bodies that are
sewage receivers by the value of effective mass of pollutants,
taking into consideration toxicity of polluting substance
in the sewage relatively to ammonium sulfate. The value of
effective mass (M,) is derived from formula:

& MPCii 50,

=3

§ 5
2 MpC m, )

where MPC ) 5o, is the maximum permissible concentra-
tion of ammonium sulfate, mg/1; MPC; is the maximum per-
missible concentration of a pollutant, mg/l; m; is the weight
of a pollutant, discharged in aquatic environment, t/year;
i is the pollutant, the discharge of which into aquatic sites
is standardized and controlled in the given country; n is the
total number of standardized pollutants.

In particular, in Ukraine, it is necessary to take into
consideration the characteristic of the discharge by 20 indi-
cators, when determining the effective mass. For subsequent
analysis, the pollution sources, in which the value of effective
mass of pollutants exceeds 1 ton/year are selected.

To assess the influence of littoral sources of water environ-
ment pollution, the official materials of the state bodies on the
regulation of water resources were used.

The database of the state statistical reporting in Ukraine
was used initial quantitative data on the existing volumes of
pollutants discharge and their concentration in refluent waters,
used in the research.

3. Results of assessment of the degree of
environmental hazard of the sources of pollution of
aquatic sites

Testing of the developed procedure was carried out on
the example of the section of the South Buh river basin on
the territory of Mykolaiv Oblast in Ukraine. The selection
of this section is explained by the existence of facilities of
atomic power industry (E), sites of industrial production (B)
and municipal economy (C). This structure of water supply
facilities is typical of territorial production complexes of
European countries.

According to the procedure (chapter 4), we selected the
largest sources of pollution of aquatic sites, which are sewage
receivers and received the code (Table 5).

At the next stage, a detailed estimation of the influ-
ence of the selected point source of pollution on aquatic
sites and the environmental safety on the territory of
Mykolaiv Oblast was carried out based of the logi-
cal-mathematical model.

The results of the estimation of the influence of point
sources of pollution and ranking by the level of hazard (unre-
liability, failures, threats) for aquatic sites are shown in Fig. 2.

For the purpose of establishing the level of hazard of
sewage discharges, the classes of harmfulness were deter-
mined and ranking of sources of pollution of aquatic sites
was performed (Fig. 3).

Table 5

Pollution sources that are subject to a detailed analysis of
their impact on aquatic sites of Mykolaiv Oblast

No. by [Name of a point source of pollution Effective Code_of
. . mass, pollution
order of aquatic environment
t/year source
1 ME «Pervomaisk gorvodokanal» 201.7 C01
2 Pervomaisk HEP 11,843.2 E02
3 Myhiiv HEP 3,445.3 E04
4 Konstantynivka HEP 4,948.6 E03
Treatment facilities PE «South
g Ukraine APS» 155 €02
6 PE «South Ukraine APS» 37,735.7 EO01
Ltd «Biological treatment facili-
7 ties», the town of Voznesensk 556.9 co3
8 | ME «City vodokanal», Bashtanka 73.1 C04
9 OJSV «Mykolaiv thermoelectro- 50.9 EO05
central»
RE Scientific-productive complex
10 | of pipeturboconstruction «Zoria» 292.4 BO1
— «Mashproject»
" PJSV Mykolaiv ship building 26.8 BO2
plant «Ocean»
12 CME «Mykolaiv vodokanal» 71.9 C06
13 CME «Mykolaiv vodokanals, 1.655.9 Co5
Galytsynove
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Fig. 2. Influence of pollution sources by indicators of their
general state and level of hazard: @ — basin of the South Buh
river; b — the Buh estuary

The results of the evaluation of the load of pollution
sources on aquatic sites and ranking are shown in Fig. 4.

Based on determining the block coefficients and the to-
tal coefficient of harmful influence of sources of pollution of



aquatic sites pollution, we designed the map of the environ-
mental hazard of pollution sources in the basin of the South
Buh River on the territory of Mykolaiv region (Fig. 5).
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Fig. 3. Influence of pollution sources on water quality of an
aquatic site by indicators of their harmful influence in:
a — basin of the South Buh river; b — the Buh estuary

[ very harmful

Such maps can be used as the basis for the development
plans that are designed by territorial communities and
authorities of the basin water management. Based on the
obtained data, we selected the priority measures to improve
water management in the regions.

The research results revealed that by the degree of en-
vironmental hazard on the territory of Mykolayiv Oblast, 4 en-
terprises belong to the most dangerous sites (Fig. 6). All

these enterprises discharge sewage to the Buh estuary water.

From the general list of the pollution sources that
were pre-selected for detailed analysis and studying their
impact on aquatic sites of the oblast, the dangerous ones
include:

1) Treatment facilities of the sewerage of CME “Myko-
laivvodokanal” are the main source of hydrosphere pollution
in the Oblast. These drains make up 89 % of the total volume
and contain a significant amount of harmful substances in
concentrations far exceeding the maximum permissible.
Wastewater of the enterprise causes the greatest harm to
the hydroecosystem of the Buh estuary and significantly
worsens the sanitary-epidemiological situation in the region.

4,3
45 o 40 39

40 - 3.7
35 |
3,0 | )5
25 |

1,5
1,0 | 0,7
0,5 |
0,0

Load coefficient, rel.units

EO1 E04 E02 E03 CO03 C04 C02 COl1 Pollution source
a

4.0 4.0
40 38 e
35 3.1
30
25
2,0 -

Load coefficient, rel.units

1,0 |
0,5
0,0

C05 C06 BO1 B02 EO5 Pollution source

b

Fig. 4. Influence of pollution sources by indicators of the
load on an aquatic site in: a — basin of the South Buh;
b — the Buh estuary

The ecological efficiency of this enterprise can be
significantly enhanced through the introduction of a
complex of water protection measures. The negative
impact of the site on the water may be decreased due to
the installation of plants of deep biological treatment,
construction of local treatment facilities at the enterprises
of the city, increasing the power of the watercourse scat-
tering discharge, reconstruction of secondary settling re-
SErvoirs.

2) Treatment facilities of the water pipeline of CME
“Mykolaivvodokanal”, sewage discharges also adversely af-
fect the state of the Buh estuary. According to the general
classification, the sewage of this enterprise is characterized
as moderately hazardous (class I1T). However, too high con-
tent of heavy metals in sewage of this enterprise creates a
high level of anthropogenic load and hazardous influence on
the waters of the Buh estuary (Fig. 5).

3) RE Scientific-production complex of gasturbinecon-
struction “Zoria” — “Mashproject” has the worst indicators
that characterize the conditions of sewage discharge, the
general state and a high level of hazard. Wastewater of the
enterprise can be characterized as moderately harmful.
However, the level of harmful influence and load on the
Buh estuary because of the large amount of pollutants, dis-
charged annually, is rated as high.

4) PSC Mykilaiv shipbuilding plant “Ocean”, dis-
charge 9, has a high level of hazard that is above the
standards and unsatisfactory conditions of discharge. Al-
though the sewage quality can be characterized as moder-
ately harmful, a high content of heavy metals in discharge
increases the total level of load and adverse effects on the
water site.
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The moderately hazardous include:
1) enterprises of housing and communal services —
LLC “Biological treatment facilities” in Voznesensk, ME “Misk-

vodokanal” in Bashtanka, CVKG and TM SE “Yuzh-
noukrainsk NPP”;

2) production enterprises — PSC Mykolayiv ship-
building plant “Ocean”, discharge 7,

3) enterprises of electric power industry — Pervo-
maisk HES, PE “Yuzhnoukrainsk NPP”, Mygiiv HPS,
Konstantinivka HPS, OJSC “Mikolaiv teploelectrocen-
tral, discharge 1.

The slightly hazardous enterprises include “Per-
vomaisk city vodokanal” and OJSC “Mykolaiv
teploelectrocentral”, discharge 2.

6. Discussion of results of evaluation of
environmental hazard of sewage discharge sources
on the territory of Mykolaiv region

The developed criterion of assessment of the lev-
el of environmental hazards of pollution sources of
water sites has a comprehensive character. Different
researchers propose the criteria that take into consid-

eration either only indices of sewage harmfulness, or indica-
tors of load on an aquatic site. In this work, it was proposed
to make the estimation by the entire totality of the men-



tioned values, together with the indicators of environmental
risk. The criterion developed in the study for the first time
includes such indicators as the characteristics of the tech-
nical condition of water treatment equipment, location of
discharge, the way of sewage discharge. Thus, virtually the
entire range of possible negative effects of pollution sources
on the state of aquatic environment is taken into account.

The developed logical-mathematical model makes it pos-
sible to estimate with high accuracy the level of dangerous
environmental impact of the sites of different sectors of the
economy. The use of the proposed model enables us with high
reliability to conduct a comparative analysis of the negative
effects of separate discharges of large enterprises on the state
of the hydrosphere. Another direction is to evaluate block-by-
block the hazard, the degree of influence on water quality of a
water site, the effectiveness of monitoring and the magnitude
of anthropogenic load. The results, obtained using this model,
significantly increase the efficiency of the procedure of se-
lecting priority directions of water protection activity of this
enterprise which are included to the program of development.

The joint use of the developed procedure with the tra-
ditional methods of water quality evaluation enable us to
determine the ecological state of territories with greater ac-
curacy and information. A comprehensive assessment in this
case, in addition to identifying the biological, hydro-mor-
phological and physical-chemical indicators according to the
Water Framework Directive of the EU 2000/60/EU, will be
supplemented by an analysis of the degree of hazard of poten-
tially dangerous sites. Identification of the most significant
pollution sources, taking into consideration the probability
of adverse effects of economic activity will make it possible
not only to determine the places, but also to establish the
causes of emerging the zones of increased level of pollution
of an aquatic site.

The obtained results of testing well correlate with the
results of monitoring the state of the South Bug river basin
of the state environmental control authorities.

The cause of the described situation is the modern eco-
nomic state in the region. Under conditions of decreasing
volumes of industrial production, large enterprises of hous-
ing and communal services have the greatest degree of envi-
ronmental hazard. The main reason for the negative impact
is inefficient functioning of these structures. Insufficient
capacity of the treatment facilities causes too high content
of heavy metals in wastewater. Unsatisfactory state of deep-
sea sewage discharges creates the zones of unacceptably high
concentrations of such substances.

At the same time, enterprises of the machine-building
industry that continue functioning, are characterized by a
considerable volume of untreated sewage discharges with
low multiplicity of dilution, and in some cases have incorrect
organization of location places. That is why, very often, it is
impossible to control the actual quantity and quality of sew-
age coming to an aquatic site. It should be noted that even
sewage discharges of such enterprises contain dangerous and
toxic substances. Thus, the named sites can be attributed to
class IT and described as “hazardous”. The following pollu-
tion sources create a high level of threat to the life and health
of the population and hydrobionts. Sewage discharges of
such sources significantly alter hydrological or hydro-chem-
ical characteristics of wastewater receivers. This leads to
significant pollution of an aquatic site and the impossibility
of its using as a source of economic-drinking water supply.
The suitability of the aquatic site for other types of water

supply of the population also decreases substantially. These
changes lead to a decrease in the indicators of water quality
of the water body — receiver to the level “bad”, according to
“The Water Framework Directive of the European Union”
(2000/60 EU).

The enterprises of nuclear power and hydro power plants
can be characterized as “moderately hazardous” (class III).
The negative environmental impact of such enterprises is
caused by the high amount of discharges and, therefore, the
total amount of pollutants in the water. At the same time,
the concentration of pollutants in the discharge corresponds
to the low level of harm, which reduces the general level of
hazard. Sewage discharges of such sources change the hydro-
logical or hydro-chemical characteristics of an aquatic site —
sewage receiver to the “satisfactory” level. These changes de-
crease the suitability of an aquatic site for all types of water
supply of the population. That is, its environmental potential
corresponds to the “satisfactory” level [10].

The same result was obtained in this study when assess-
ing the impact of municipal enterprises of the cities with the
population from 20 to 100 thousand people. However, the
causes of this situation are opposite: high concentrations of
polluting substances at an insignificant amount of sewage.

It should be noted that the reconstruction of wastewater
treatment facilities of municipal enterprises, introduction
of highly effective methods of treatment makes it possible
to decrease the level of hazard to “slightly hazardous”. As
an example, we can specify the source C 01, where modern
water treatment facilities have been mounted in recent years
(Fig. 5). Sewage discharges of such sources to a minor extent
change the hydrological, hydro-chemical characteristics of
an aquatic site, which corresponds to the “good” state of wa-
ter quality according to [10]. Such changes will not reduce
the suitability of an aquatic site for all types of water supply
of the population. However, under such circumstances, the
natural attractiveness of an aquatic site as a place of rest can
worsen as a result of steady unpleasant smell, toxic or irritat-
ing actions that may prevent the use of beaches. Therefore,
these water bodies belong to the sites with “good” potential.

Thus, the developed procedure for assessment of the lev-
el of environmental hazard of point sources of pollution of
aquatic sites can be considered adequate. The results of the
study showed a high enough level of sensitivity of the devel-
oped procedure to a change in technological indicators of
wastewater treatment facilities and sewage discharges. That
is why the assessment of the degree of ecological hazard by
the total coefficient of harmful influence of a pollution source
on aquatic sites can be used for a wide range of river basins.
Such territories may differ by the character of current, the
average annual volume of water body area, water consumption
intensity, the regional structure of the economy, population
density, etc. For example, a significantly higher number of
industrial enterprises — surface water pollutants is character-
istic of the EU countries. On the other hand, the effectiveness
of functioning of treatment facilities of such sites is higher in
comparison with Ukraine. That is why the assessment results
for these territories can differ from those obtained in this
study. However, the structure of the proposed indicators of
environmental hazard is universal because it is based on the
regulatory requirements, accepted in developed countries.

Possible directions of improvement of this procedure are
consideration of quantitative indicators of operation reliabil-
ity of the water treatment systems and facilities and the ad-
aptation to the sources of pollution of marine environment.



7. Conclusions

1. We developed the new methodological approach to the
evaluation of the degree of environmental safety of aquatic
sites based on the comparison of levels of hazard, influence
on water quality of an aquatic site, effectiveness of moni-
toring and anthropogenic load of separate point sources. It
was proposed to carry out the assessment of the degree of
environmental hazard of sources of pollution of aquatic sites
by the value of coefficient of harmful influence of a pollution
source on aquatic sites by the five-level scale from “safe” to
“extremely hazardous”. The designed scale corresponds to
the ecological classification of the Water Framework Direc-
tive of the EU 2000/60/EU.

2. The logical-mathematical model of evaluating the
impact of pollution sources, based on determining the coef-
ficients of conditions of wastewater discharge, wastewater
pollution and the load on an aquatic site, was developed.

3. The developed model was tested on the example of the
section of the South Buh river basin. It was established that
large enterprises of housing and municipal services and pro-
duction facilities of machine-building industry pose the highest
environmental danger. Sewage discharges of such facilities
lead to a decrease in indicators of the water quality of a water
body-receiver to the “bad” level and are characterized as “haz-
ardous”. Results of the analysis can be used in the development
of water resources management strategies and the measures for
reducing the impact of pollution sources on aquatic sites.
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Jlocniovceno cyuacnuii posnodin 3’Cs y oepnoeo-nidzonucmux
JUCOBUX TPYHMAX PIZHUX MUNIE JICOPOCAUHHUX YMO8. AHANI3 nepe-
po3nodiny 37Cs y rpynmi uepes 30 poxie nicas asapii na YAEC € neo6-
XIOHUM 0151 OUTHKU HAOX00MNCEHHA PACIOHYKAI0a Y Pi3Hi KOMnOHeHmuU
aicoeux exocucmem ma o0rpynmyeanns peadiimauii sicosux mepu-
mopiii. Buseneno nepemiuwennsa 3naunoi xinvxkocmi ’Cs do mine-
PANbHOT HACMUNU TPYHMY Y 6CIX MUNAX JECOPOCTUHHUX YMOG, Y AKUX
npoeodunuce docaidxcenns. Bemanoeneno maxcumanvnui eenununu
numomoi axmuenocmi 3?Cs y nicoeiii niocmunui, a maxodic 3menuern-
Hs 0ano020 nokasnuka 6io eepxnvoi it wacmunu (cyuacrozo onady) 0o
HUMHCHBOL (po3xnadenoi). Y ceiscux 6opax dane 3meHuenns ckaadae
3,1 pasis, ceiscux cyoopax — 1,2 pasis, eonoeux cybopax — 1,5 pasis.
3a eenununoro numomoi axmuenocmi 3’Cs wapu nicoeoi niocmun-
KU Y 00CH0AHCYBAHUX MUNAX JICOPOCTUHHUX YMOE MONCHA POIMICHU-
mu Yy nopaoKy 3MeHUWEeHHA: PO3KAA0CHUL wap > HANiePO3KAA0eHU
wap > cywachuii onad. Y 2ymycoeo-enio6ianvHOMy 20pU3OHMI TPYH-
my nomyvcricmio 12 cm ckonuenmposano y ceivicux oopax — 54,0 %,
ceixcux cybopax — 40,0 % i eonoeux cybopax — 52,8 % 6io 3azans-
Hoi axmuenocmi padionyxaioy y rpyumi, a pasom 3 emicmom 3°Cs y
aicoeii niocmunui — 75,0 %; 65,8 % i 71,5 % (8i0nosiono 0o munis
aicopocaunnux ymos). Biomiuene nocmynoee smenuwenns numomoi
axmuenocmi 3’Cs no npogpinio 0o mamepuncoxoi nopoou. Tax, 0o
HUNICHIX wapie Tpynmoeo20 pospisy (12—88 cm) miepyeano 6ionoesio-
Ho 26,4 %, 35,7 % ma 28,5 % 6i0 3azanvnoz0 3anacy padionykaioy y
rpynmi. Ompumani mamepiaau niomeeporiceni 3a 00NOM02010 00HO-
daxmopnozo ananizy na 95 %-my dosipuomy pieni. Ha ocroei ompu-
MAHUX Pe3YySbmamie MOXNCHA CnPoeHoO3yeamu maldoymui pieni paodio-
aKxmueHo20 3adpyoneHHs nPooYKuii iC08020 20cN00aApcmea

Kmouoei caosa: 3Cs, padioaxmuene sabpyonenns, numoma
aKxmueHicm, Jico6i HACAOHCEHHL, 0ePHOBO-NI030UCHI TPYHMU
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1. Introduction

It is known that the radionuclides, upon entering the
components of forest ecosystems, gradually moved from the
upper to the lower tiers of vegetation and the soil surface.
Over time, the main volume of radioactive elements moved
to the forest litter and, depending on the type of forest
conditions and the composition of tree tier, the migration of
radionuclides of different intensity into the mineral part of
forest soils started. The result of the accident at the Cher-
nobyl nuclear power plant (CHNPP) is the fixation of the
radionuclides in soil and their penetration to the numerous
components of forest biocenoses. These components of the
forest ecosystems have been widely used in the practice of
forest management, as well as by the local population for

their own use. Traditionally, the local population uses the
non-tree products of the forest: wild berries, mushrooms,
and medicinal plants. The dosage of internal irradiation due
to the consumption of the specified forest products varies
from 12 to 40 % for the total population, and from 50 to 95 %
for the critical groups of population [1]. Thus, along with the
“forest gifts”, the population receives a significant dosing
load. Radioactive contamination of certain components of
forest ecosystems, which are subsequently utilized as raw
materials for the manufacture of food products, depends on
the generic features and the type of forest conditions. For the
time being, studies into the redistribution of radionuclides
in forest soils have almost stopped; existing publications are
based on the fragmented materials while data on the current
distribution of 37Cs in the turf-podzolic soils are lacking.






