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ANTHROPOGENIC INFLUENCE FROM POINT AND DIFFUSE SOURCES
OF POLLUTION IN THE UPPER PRUT RIVER BASIN

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
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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,
0O.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
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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
WEFD), 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-
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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 (BODs),
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 BODs, COD, Ntot
and Ptot in different settlements in the Prut basin, and
the following emission results were obtained according-
ly for BODs — 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].

a b

The method for calculating the total emission of
BOD; for untreated waste water is used for the condi-
tions of the Prut river basin on the example of Yaremche
town: BOD; emission = 1PE- 60 - 0.9, where PE = 3000;
untreated waste water in Yaremche, where PE = 5000.
1 PE produces 60 g of BODs/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 BODs) will be equal to (g/day)

3000 - 60 = 180 000 (0.18 t/day or 59.1 t/year).

For 5000 PE BODs emission makes 109.5 t/year.
The total BOD;5 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 = 1))/ Omin, ), Where L = PE is the
number of inhabitants whose households are connected
to the centralized waste water system; 7| is the degree of
waste water treatment; Q,,;, iS minimum water con-
sumption, m?/s, dm?/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;

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:

a — Biochemical Oxygen Consumption for 5 days (BODs); b — Chemical Oxygen Consumption (COD); ¢ — 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 = Zwa/ MOQr.

Description of used variables:

Sww: total share of wastewater in a river at a given
cross section along the river;

Oww: total of all (current/future) upstream wastewa-
ter discharges into the river [m?/s];
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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 —

4 — the boundaries of administrative areas; 5 — settlements
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the river and its name; 3 — the state border;
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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

MQr: mean annual flow of the river [m?/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-
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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

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N2 1
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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, km?;
AWRB is a catchment area, km?.

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, NH,) or
chronic effects (e.g. PO,) 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 (Zhus) from livestock was
calculated by the formula: fThus = 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:

Thus > 1.0 — a water body at risk;

0.3 < Thus < 1.0 — possibly at risk;

0 < Thus < 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

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N2 1

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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i mudy3Hux Kepe 3a0pyaHeHHs B OaceiiHi
Bepxuboro Ilpyty

M. B. Kopuemnrx', JI. M. Apxunoea?,

P.JI. Kpasuuncoxuii', 10. /. Muxaiiniox?
1 — Kapnarcbkuili HalliOHaJIbHUN TPUPOJHUM TapK,
M. fApemue, IBano-®paHkKiBchbKa 001acTh, YKpaina, e-mail:
martakor@yahoo.com; kravchinski@ukr.net
2 — IBaHo-®paHKiBCbKMIA HAIIIOHAJTBHUI TEXHIYHUI YHiBEP-
cuteT HadTH i rasy, M. IBano-MpaHkKiBChK, YKpaiHa, e-mail:
konsevich@ukr.net; julja-mihayyljuk@rambler.ru

Meta. BukoHaTu KiJbKiCHO-SIKiCHY OLIIHKY BILIW-
BiB TOYKOBUX i TM(PY3HUX IKEepeT aHTPOIIOTEHHOTO 3a-
OpyaHeHHs1 Ha 6aceiin [Tpyra B Mexxax YkpaiHu.

Metomuka. Ha ocHOBI onpaniboBaHO1 CTATUCTUYHOI
iHdopMmallii #f BUKOPUCTaHHS KEPiBHOIO HOKYMEHTY
1I0JI0 aHaJli3y BIUIMBIB i OLIIHIOBAaHHSI PU3UKIB BiAMO-
BinHO no BomHoi PamkoBoi dupektuBu €C (mpoekT
€C ,,O0xopoHa HaBKOJMIIHBOIO CEpeaoBMILA MiXHa-
PONHUX PIYKOBUX OaceiiHiB“) MpoBeleHI PO3paxyHKU
iHIEKCiB HaBaHTaXXEHHS Bill YOTUPbOX (PAKTOPiB BILTU-
By Ha [IpyTchKy exocucTtemy, a came: Bil 06’ €MiB CKU-
JIiB HEOUMILIEHUX CTIYHUX BOJI, 3arajbHOI YaCTKU CTiu-
HUX BOJ Y piylli, BiJ CiIbCHKOI'O TOCIIOAAPCTBA Ta TBA-
PUHHMIITBA.

Pe3synbraTu. IlpoaHanizoBaHi Ta OLliHEHi OCHOBHi
AHTPONOTeHHi HaBaHTaxKeHHs Ha OaceiiH piku IIpyT y
Mmexax IBano-®PpaHkiBcbKoi Ta YepHiBelbKoi obJac-
Teil YKpaiHM Bil TOYKOBUX i nudy3HUX mxepen. Pak-
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THYHO ITATBEPIKEHO, III0 OCHOBHUMM 3a0pyIHIOBAYA-
mu IIpyTchkoi ekocuctemu € qudysHi mxepena. Heka-
HaJjli30BaHa MiCLIEBICTb € MPUUYMHOIO €MiCil0 OpraHiy-
HHUX i 6I0OTeHHUX CIOIYK JI0 PiYKOBOro baceiiHy. 3a pe-
3yJbTaTaMU PO3PaxyHKy iHIMKATOPiB AU(y3HOro Ha-
BaHTaXXEHHS ,,MOXJIMBO TIiJi pUBUKOM " € BOIHi MAaCUBU
y KiumaHncekomMy, Konomuiicbkkomy Ta CHITUHCBKOMY
paiioHax Bill CiTbCBKOTO rocromapcTsa, a B ['epiais-
CbKOMY — Yepe3 TBapUHHULTBO. HalOinbmMu TOUKo-
BUMU 3a0pyaHIoBayaMu p. IpyT € KOMyHaIbHI DiAnpu-
€MCTBa HacesJieHuX MyHKTiB Komomus ta YepHiBlli.

HaykoBa HoBu3Ha. HaOyna moganbiioro po3BUTKY
METO/IOJIOTiSI OLIiHIOBaHHSI HABAHTAXXEHb HA PiUKOBUM
OaceiiH LUISIXOM iIHAMKATOPIiB HaBaHTAXXEHHSI, 110 J0-
3BOJISIE PO3POOJIATH Ta BIIPOBAIXKYBATH e(DeKTUBHI Me-
TOOU ¥ 3aco0M KepyBaHHSI €KOJIOTiYHOIO OE3IeKOI0
BOIHMX €KOCHCTEM.

IIpakTyna 3HaummicTs. OTpuMaHi pe3yabTaTU €
OCHOBOIO 151 afanTallii eBponeichbKUX MiAX0aiB 10 iH-
TErpOBAHOTO YIIPaBJIiHHS BONHUMU pecypcaMu i po3-
pOOKM 3aX0[liB 3 MiHiMi3allil pU3UKiB BiJl aHTPOITOTE€H-
HO1 HisiabHOCTI B OaceitHi Ilpyty. PobGora 3Haiiiuia
MpaKTUYHE BIIPOBAIKEHHS HA HAI[IOHAJIbHOMY DiBHi y
npoieci po3pobieHHs TpoekTy IlnaHy ympaBaiHHS
piukoBuM OaceiiHoMm IlpyTy B paMKax MiXHapOIHOTO
npoekty €C ,,OXopoHa TOBKIUIS MiKHAPOTHUX pid-
koBux 0aceiiHiB“ (EPIRB) Ta BmockoHaneHHi cucTeMu
MOHITOPUHIOBUX MOCTiIKeHb Bom Ha TepuTopii Kap-
MMaTChKOTO HalliOHAJIbBHOTO IIPUPOIHOTO MapKy.

KimouoBi cioBa: exosoeiuna besnexa, moukosi ma ou-
@y3Hi Odxcepena 3abpyoHeHHs, iHOUKAmMOpU HABAHMA-
JICeHHS

AHTpONOreHHoe BO3J€eCTBHE OT TOYEYHbIX
U TG Py3HbIX HCTOYHUKOB 3arpsi3HeHHUS
B Oacceiine Bepxnero IIpyra

M. B. Kopuemarox', JI. H. Apxunosa?,
P JI. Kpaguunckuii', 10. JI. Muxaiiniok?

1 — Kapnarckuii HauMOHaNbHBI MOPUPOAHBIA TMAapK,
r. flpemue, UBaHo-®PpaHKOBCKas 061acTh, YKpanHa, e-mail:
martakor@yahoo.com; kravchinski@ukr.net

2 — HWBaHO-®paHKOBCKMIT HAIMOHAJIBHBIA TEXHUYECKUIA
yHUBepcuteT HepTH U raza, T. MBaHo-dpaHkoBCcK, YKkpan-
Ha, e-mail: konsevich@ukr.net; julja-mihayyljuk@rambler.ru

Ieab. BoIMOAHUTH KOIMYECTBEHHO-KAYECTBEHHYIO
OLICHKY BO3JEHCTBUI TOUCUHBIX U AU(DPY3HBIX UCTOU-
HUKOB aHTPOIIOTEHHOTO 3arpsi3HeHusl Ha OacceilH
IIpyra B npenenax YKpauHbl.

Metoauka. Ha ocHoBe pa3paboTaHHOI CTaTUCTHU-
YeCKOi MH(MOPMAIINK 1 UCTIOJIb30BAaHUS PYKOBOISIIIE-
ro JOKYMEHTA 10 aHAJIU3Y BO3ACHCTBUU U OLICHKU PU-
CKOB B cooTBeTcTBUU ¢ BogHoit PamouHoil IupekTu-
Boii EC (mpoekt EC ,,OxpaHa oKpyxXKarIieil cpembl
MEXIYHApOOHBIX PEYHBIX 0acCceifHOB®) IIPOBEICHBI
pacyeThl MHICKCOB HArpy3Kd OT YeThIpeX (PaKTOpoB
BausiHUSA Ha [IpyTcKyro sKocucTeMy, a UMEHHO, OT
00BEMOB COPOCOB HEOUMIIEHHBIX CTOYHBIX BOMI, 00-
LIEW OO CTOYHBIX BOI B PEKE, OT CEIBLCKOTO XO34¥-
CTBa 1 XKMBOTHOBOJICTBA.
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Pesymbratel. [IpoaHanmm3mpoBaHBl U PaCCUUTAHBI
OCHOBHBIE aHTPOITOTeHHBIC HAIrPy3KN Ha OacCeiftH peKu
IIpyt B npenenax MUBano-MpankoBckoit 1 YepHoBuil-
Kol obiacTeil YKpanHbl OT TOYEYHBIX U IU(DIY3HBIX
MCTOYHUKOB. MAKTUYECKU MOATBEPKACHO, UTO OCHOB-
HBIMU 3arpsi3HUTeIsIMU [IpyTCKOit SKOCUCTEMBI SIBJISI-
eTcs nuddy3Hble ucTouHUKM. HekaHanuszupoBaHHast
MECTHOCTb SIBJISIETCSI TIPUYMHON 3MHCCUM OpTraHude-
CKMX U OUOreHHBIX COEIMHEHUI B peyHOll OacceilH.
ITo pesynbratam pacuera MHAMKATOPOB MUMOY3HON
Harpy3KH ,,BO3MOXKHO ITOJ PUCKOM SIBJISTFOTCST BOIHBIC
maccuBbl B KuniManckom, Konombiiickom 1 CHSATUH-
CKOM paifoHaxX OT CEeJIbCKOTO XO3SICTBa, a B ['epiiaeB-
CKOM — OT XXMBOTHOBOACTBA. KpymHeHmmmMu Toded-
HBIMU 3arps3HUTEISIMU p. IIpyT SIBISIOTCS KOMMY-
HaJIbHbIC MPEINPUSITUS HACEJICHHBIX ITyHKTOB Kojo-
MbIsT 1 YepHOBIIBI.

Hayunas HoBusHa. [lonyuywna nanbHeiilee pa3Bu-
THE METOMOJIOTHS OLIEHKM Harpy3oK Ha pe4yHoil Oac-
CEWH MyTeM pacyeTa MHINKATOPOB HArpy3KH, 4TO M0~
3BOJISIET pa3pabaTbiBaTh U BHEAPSTh 3D GbEKTUBHbIE
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METO[TbI U CPEJICTBA YIIPABICHUST IKOJIOTUIECKON Oe3-
OITACHOCTBIO BOAHBIX S9KOCHUCTEM.

IIpakTuyeckasi 3HaYMMOCTb. [loydeHHBIE pe3yJib-
TaThbl SABJISIOTCH OCHOBOM Ul afarTaliu €BPOIEMCKUX
MOXOA0B K MHTETPUPOBAHHOMY YIIPABJIEHUIO BOIHBI-
MU pecypcaMy U pa3paboTKu Mep Mo MUHUMU3ALUU
PUCKOB OT aHTPOIIOTEHHOM IeATEILHOCTU B GacceiiHe
[Ipyra. PaboTa Halia mpakTUYeCKOe BHEApPEHHE Ha
HallMOHAJIbHOM YPOBHE IpHu pa3zpadboTtke npoekTta [lna-
Ha yIpaBJieHUs] pedHbIM OacceiiHoM [lpyTta B pamkax
MexayHapoaHoro npoekta EC ,,OxpaHa okpyxatouiei
cpenbl MexXayHapoaHbIX peuHbix 6acceitHoB (EPIRB)
U COBEPIICHCTBOBAHWU CUCTEMBI MOHUTOPUHTOBBIX
uccaenoBaHuil Boa Ha Tepputopun Kaprarckoro Ha-
LIMOHAJIBHOTO TIPUPOIHOTO TMapKa.

KioueBbie cioBa: sxonoeuueckas bOezonachocmo,
moueunsvle u OughQy3nvle UCMOUHUKU 3a2PSA3HeHUs, UHOU-
Kamopul Hazpy3Ku

Pexomendosano 0o nybaikauyii Odoxkm. mexH. HaAyk
A. O. Adamenxom. Jlama naoxodxucenns pykonucy 02.08.17.
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