EKOJIOTTYHA BE3MNEKA,
OXOPOHA MNMPAL|

VK 622.5:504.4.054

D. V. Kulikova, Cand. Sc. (Tech.), State Higher Educational Institution “National Mining
A.V.Pavlychenko, Cand. Sc. (Biol.), Assoc. Prof. University”, Dnipropetrovsk, Ukraine, e-mail: kafedra_
ecology@ukr.net

ESTIMATION OF ECOLOGICAL STATE OF SURFACE WATER
BODIES IN COAL MINING REGION AS BASED
ON THE COMPLEX OF HYDROCHEMICAL INDICATORS

JI. B. KynikoBa, KaHa. TeXH. HAYK, Jlep>kaBHMIT BUIIMI HaBYaJIbHUI 3akian ,,HalioHaabHMIA

A.B.I1aBiuyeHKo, KaHja. 0ioj. HAYK, JOII. ripHUIMi yHiBepcuTeT", M. JIHIPOMETPOBCHK, YKpaiHa,
e-mail: kafedra_ecology@ukr.net

OIIIHKA EKOJIOI'TYHOI'O CTAHY ITOBEPXHEBUX
BOJOMM BYIJIEAOBYBHOI'O PETIOHY 3A KOMILIEKCOM
I'TAPOXIMIYHUX ITOKA3HUKIB

Purpose. The study of mining water discharge into surface water bodies and determination of correspondence
of measured values of hydrochemical and hydrophysical indicators of water quality with environmental safety
standards.

Methodology. The estimation of surface water bodies state under the conditions of mining water discharge
was carried out as based on the average annual values of hydrochemical and hydrophysical indicators of water
quality according to the requirements of Methodology of Ecological Estimation of Surface Water in Accordance
with the Categories. The average values of the following three complex indices of water quality: pollution by saline
components, ecological and sanitary indicators, and special indicators of toxic effect, were determined for every
plot of surface water quality monitoring.

Findings. The ecological state of water bodies affected by mining water of coal mining enterprises with respect
to the system of ecological indicators was studied. It was determined that as for three complex indices of surface
water quality in the plots of monitoring, the major pollutant was represented by the saline components, the minor
one, by special indicators of toxic effect. It was stated that the quality of surface water in all plots does not meet the
standards of ecological safety because of crude wastewater discharge by coal mining enterprises.

Originality. The estimation of water quality of water bodies affected by mining water discharge was carried out
for the first time as based on the analytical study for enterprises of coal mining industry in Western Donets Basin.
The estimation was based on the following complexes of indicators: saline components of water, ecological and
sanitary criteria and special substances of toxic effect.

Practical value. The results of the study can be used for the determining of the main vectors of water protec-
tion activity for the improvement of ecological state of water bodies or their sections, as well as for the estimation
of nature conservation measures efficiency.

Keywords: coal mining enterprises, mining water, surface water bodies, hydrochemical indicators, water
quality, environmental safety

The problem substantiation. The coal mining As a result of continuous mining of coal deposits,
industry is an important component of industrial po- the objects of environment became transformed and
tential of Ukraine. Its efficiency and stable functioning polluted. The load on the environment, caused by dif-
is the base of future sustainable development and en- ferent stages of mines operation, is one of the most im-
ergy security of a state [1, 2]. portant factors to be considered while determining the

prospective of coal mining industry development [1—
© Kulikova D. V., Pavlychenko A. V., 2016 3]
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Despite the significant role of surface water bodies
in most environmental processes, their state is consid-
ered to be critical. None of the water bodies in this
country can be described as “very pure” or even “pure”
according to their level of water pollution or ecological
state.

The worsening of the state of water resources in
coal mining regions of Ukraine is one of the most ur-
gent ecological problems of the recent decades. The
main cause of water ecosystems pollution is mining
water discharge by coal mining enterprises, which is
the base for the increase of ecological danger level of
natural territorial complex. As a result of long-term
discharge of mining water, the surface water bodies
loose their natural capacity of self-purification [4, 5].

The Samara river basin is one of the most ecologi-
cally stressed regions of Ukraine. The current state of
the Samara river ecosystem is reasoned by the inten-
sive long-term anthropogenic influence on its biotic
and abiotic components, which has lasted for more
than 80 years. The initial negative changes of biotic
and abiotic components of the river were caused by the
construction of DniproGES and the creation of
Dniprovs’ke storage facility. The further anthropogen-
ic influence on the components of the Samara river
ecosystem was caused by the intensive development of
industry and agriculture. As a result, the processes of
river eutrophication, shoaling, the decrease of the lev-
el of biodiversity of the most ecosystem components,
especially in the location of agricultural runoff, waste-
water and industrial wastewater discharge have started.
The next factor affecting the existence of all ecosystem
components of the Samara river was coal mining pro-
cess. There are significant deposits of black coal on the
territory; the fact substantiated the development of
new industrial area in Dnipropetrovs>k region called
Western Donets basin with the territory of approxi-
mately of 10 thousand km?. There are coal reserves of
approximately 25 mlrd tons; 40 % of them occur under
the high-water bed of the Samara and its feeders. Min-
ing water discharge caused by coal mining intensified
in early 1970-s. From mid 1950-s the Samara also
started to take mining water from the Central Donets
Basin via its feeders.

Nowadays the process of pumping in Western Do-
nets Basin is as follows: mining water is accumulated
in the settling ponds in Kos’minna, Taranova, Svydo-
vok gullies, and then, after water precipitation, it is
discharged into the Samara river. The water is directly
discharged into the river basin from Kos’minna and
Svydovok gullies. Mining water from the Taranova
gully is pumped over the Svydovok gully. The process
of pollutants infiltration via bed and body of the dams
in settling ponds causes the additional pollution of the
river basin by 5 to 15 % of mine drainage.

The aggravation of problem of natural water bodies
pollution calls for the permanent monitoring of eco-
logical state of water resources. That is the reason for
the demand in methodological approaches to estima-
tion of environmental consequences of mining water
discharge into surface water bodies in order to develop
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and implement timely the proper nature conservation
measures.

Review of the related researches. The increase
of technological level of water consumption, imple-
mentation of less water intensive technologies, the de-
velopment of more reasoned standards of water con-
sumption, building, reengineering and modernization
of water-supply and canalization systems are the base
of one of the main principles of the State Goal-orient-
ed program of water industry development and eco-
logical rehabilitation of the Dnipro river basin by 2021.

There are many criteria for complex estimation of
quality of surface fresh water bodies in Ukraine and
other world countries. Some classifications are based
on the estimation of bacteriological and physical and
chemical indicators; the others, on hydrobiological es-
timation of water pollution. Every criterion describes
the important information on water contamination by
the definite substance in definite period of time; the
system of criteria enables the estimation of the aquatic
environment from the ecological point of view [5—8].

The studies of the influence of mining water dis-
charge by coal mining enterprises on the state of the
Samara river basin were carried out since the point of
mining water pumping intensification (late 1970-s).
The estimation of rivers pollution in the Samara river
basin is shown by B.O.Baranovs’kyi, A.I.Horova,
H.P. Yevhrashkina, N. I. Zahubizhenko, V. M. Kotchet,
H.A.Kroik, A.F. Kulik, V.I.Onyschenko, O.O.Hry-
stov. The authors have carried out complex bioindica-
tion studies of the Samara and its feeders’ ecological
state. As a result, the changes of phytodiversity of mac-
rovegetation, state of fish communities and macrozoo-
benthos were investigated, as well as the qualitative
and quantitative peculiarities of the development of
ground fauna were determined in accordance with the
conditions of mining water discharge into the Samara
river.

We should consider the fact that most aquatic or-
ganisms can adapt or demonstrate constancy to exter-
nal influence and load. The fact is reasoned by the
ability of water ecosystems to resist the external influ-
ence for a long period of time, which becomes appar-
ent in the change of parameters of hydrochemical re-
gime of water body. But it is worth mentioning that the
hydrobiological methods of surface water quality esti-
mation are very difficult to be used in practice. They
complicate significantly the estimation process of wa-
ter bodies state, as well as they do not allow consider-
ation of the hydrological peculiarities of water object.
They are also related to the hydrochemical indicators
in different ways. Along with, they are changed under
the conditions of influence of agriculture and industry
in the first place.

The allocation of unsolved issues. The study of
the qualitative state of natural water bodies, as based
on the definite criteria, causes the need in the develop-
ment of classifications of the level of surface water
bodies pollution. The most popular approach is to
compare the obtained values of pollutants concentra-
tion and the proper standards or interval-valued values
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of the studied indicators for every water quality class in
order to determine the quality state of water objects.
The other cases enable classification of surface water
bodies according to the pollution level with respect to
the values of index of pollution calculated on the base
of the system of indicators or criteria [5—8].

Ecological classification of surface water in Ukraine
considers the ecosystem principle. The comprehen-
siveness and objectivity of surface water quality esti-
mation is achieved by means of set of indicators, which
show the peculiarities of change of abiotic and biotic
components of water ecosystems. The criterion esti-
mation of water bodies state is a component of regula-
tory and methodological base for complex estimation
of environment, planning and implementation of wa-
ter-protective measures and their efficiency estima-
tion. The results of the study are a base for estimation
of the change trends for land surface water quality in
the time and space [9].

The estimation of influence of anthropogenic load
on water ecosystems enables determination of the spe-
cifics of changes of water resources. Nevertheless, the
estimation of water quality in accordance with the hy-
drochemical indicators is a labour intensive process, as
it is based on the comparison of average concentra-
tions in the plots of water quality monitoring and stan-
dards of maximum permissible concentrations (MPC)
for each ingredient considering the category of water
object function. Most used indicators were distin-
guished as a result of integration and generalization of
partial qualitative criteria into the integrating one,
which enables description of different states of water
objects.

The central failure of most classifications is that the
quantitative values of criteria for the same classes of
pollution are not coordinated with each other, so it is
difficult to use them for practical purposes. This means
that quantitative values of the criteria are cither deter-
mined up to the authors or are integrated into the oth-
er classifications. The set of criteria from different
classifications does not show the reliable results be-
cause of the difference of classification principles.

A number of other methods of complex estimation
of water quality were developed recently, but most of
them are too tedious; require the data of the content of
the components, which are not monitored by control
authorities; they are often based on the complex calcu-
lations.

As based on the analysis of different approaches to
the methods of surface water quality assessment, we
used the method of determination of the integral eco-
logical index of water quality as most effective method
one in our research. The method is the most perfect
one, it enables the determination of changes of chemi-
cal content of surface water, as well as more accurate
estimation of water quality from the ecological point of
view. It also usable for the obtaining information about
water objects state or their parts.

The purpose formulation. The aim of the paper
is the study surface water quality in the Samara river
basin, which is affected by mining water discharge
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from coal mining industry enterprises, according to
the complex of ecological indices and determination
of correspondence of measured values of pollutants
concentration with environmental safety standards.

The main part. The ecological estimation of sur-
face water quality in the Samara river basin, which is
affected by mining water discharge from coal mining
industry enterprises in Western Donets basin, was car-
ried out as based on the average annual values of hy-
drochemical and hydrophysical indicators of water
quality according to the requirements of Methodology
of Ecological Estimation of Surface Water in Accor-
dance with the Categories [9].

The procedure of ecological estimation of qualita-
tive state of surface water includes three stages (Fi-
gure):

I stage — is the determination of the class and cat-
egory of water quality according to separate hydro-
physical and hydrochemical indicators (/;...14;, Ip;...
Igis Ly Ay

11 stage — is the generalization of assessment of wa-
ter quality according to the class and category indices
into the complexes with the determination of complex
values of classes and categories of water quality (/,, /5,
Ic);

III stage — is the determination of integral (com-
plex) ecological estimation of water quality state with
the determination of class and category for the partic-
ular water object or its part in the definite period of
monitoring (/z).

The ecological state of surface water was estimated
with respect to the complex of physicochemical and
chemical indicators of water quality, including the
general indicators of chemical content and properties
of surface water, describing the normal ingredients pe-
culiar to water ecosystems, which can be changed as
influenced by anthropogenic factors. The indicators of
pollutants of toxic action, which are widespread in sur-
face water in Ukraine, and affect the biocoenosis
functioning were also considered.

The integral quantitative characters, based on the
integration of elementary indicators of water quality,
are the characters of generalizing type. The classes,
categories and indices of water quality, zones of sapro-
bity, and degrees of trophicity are determined with
considering of elementary indicators and generalizing
characters. The classes and categories of water quality,

IA [Al...

Ig Ip Ip,...1p,

[C ICI“'ICI

Fig. The framework for the complex estimation of
ecological state of surface water
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which are distinguished according to the characters,
describe the natural state and the degree of anthropo-
genic pollution of surface water [9]. The classification
of surface water state according to the hydrochemical
and hydrophysical indicators is shown in the Table 1.

The ecological estimation of qualitative state of
surface water in the Samara river basin was carried out
according to the short list of indicators, which implies
the consideration of the minimum information based
on the indicators sampled permanently by the State
framework of surface water monitoring in Ukraine.

The analysis of qualitative state of surface water in
the Samara river basin, affected by mining water dis-
charge of enterprises of coal mining industry in West-
ern Donets Basin, was carried out as based on the sys-
tematic monitoring data of the laboratory of analytic
control and monitoring of surface water from the State
Department of Natural Environment Protection in
Dnipropetrovs’k Region [10], collected in 2013—2014
[10].

As the plots of monitoring of surface water quality
in the Samara river basin in the industrial area of West-
ern Donets Basin region, the following plots were cho-
sen: I is the Samara river (entry of the industrial area of
Western Donets Basin region); Il is the Samara river
after the discharge point of settling pond in Kos’minna
gulley; III is the Samara river before the discharge
point of settling pond in Svydovok gulley; IV is the Sa-
mara river after the discharge point of settling pond in
Svydovok gulley; V is the Samara river (leaving the in-
dustrial area of Western Donets Basin region).

The average values of three complex indices of wa-
ter quality (/), i.e. index of pollution by saline com-
ponents (/,), index of ecological and sanitary indica-
tors (/p), index of special indicators of toxic effect
(Io), were determined for every plot of surface water
quality monitoring. The indices show a wide range of

hydrophysical, hydrochemical, hydrobiological and
other indicators of water ecosystems.

The values of indices of separate hydrophysical or
hydrochemical indicators (I stage) were determined by
means of comparison of average annual values with
the correspondent criteria of water quality, which are
tabulated in the tables of the system of ecological clas-
sification in the b.1—B.5 [9].

The average values of indices of separate hydro-
physical or hydrochemical indicators may be both
even and fractional figures. This enables the differen-
tiation of estimation of water quality state and increas-
es its flexibility and faithfulness. In this case the speci-
fied value of water quality category is calculated from
the formula

K _K+ (Ci_Kmin) 1
v (Kmax_Kmin), ( )

where K, is the specified value of water quality catego-
ry, which corresponds to the value of on index accord-
ing to separate hydrophysical or hydrochemical indi-
cator (14, Ig, Is); K is the even for the category of
water quality, which corresponds to the number of the
category including the average annual value of con-
centration of hydrophysical or hydrochemical indica-
tor of water quality; C; is the average annual value of
concentration of i-hydrophysical or hydrochemical
indicator of water quality in the plot of monitoring,
mg/dm?®; K,,;, and K, are the minimum and maxi-
mum values of a range of water quality category values,
which includes the average annual value of concentra-
tion of i-indicator, mg/dm?.

As based on the comparison of average annual val-
ues, the categories and water quality class, were deter-
mined for each indicator separately. The comparison of
average values and classes and categories of water qual-

Table 1
The scale of estimation of qualitative state of surface water according to the ecological classification
Water quality class 1 11 111 v \Y
Water quality category (K) 1 2 3 4 5 6 7
Specified range of water <1 1.01-2 2.01-3 3.01-4 4.01-5 5.01-6 >6
quality category
State of water quality perfect good satisfactory bad very bad
very good | good satisfactory | fair
Degree of purity perfectly pure polluted polluted very
(pollution) of water pure polluted
perfectly pure quite pure | slightly moderately
pure polluted polluted
Saprobity oligosaprobic B-mesosaprobic o-mesosaprobic polysapro-
. . bic
p-oligosa- | a-oligosa- | B-mesosa- | p”-mesosa- | o’-mesosa- | o’~-meso-
probic probic probic probic probic saprobic
Trophicity (dominant oligotrophic | mesotrophic eutrophic polytrophic | hypertro-
type) oligotro- mesotro- | mesoeutro- | eutrophic eupolytro- phic
phic-oligo- | phic phic phic
mesotrophic
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2016, N2 4 65
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ity for the separate indicators was carried out in accor-
dance with the correspondent units of the ecological
classification. The belonging to the definite class or cat-
egory was determined on the basis of complex indices.

It is noticeable and significant that the values of
complex index of pollution by saline components are
prevalent among the other complex indices for water
quality state in the Samara river on the industrial ter-
ritories of Western Donets basin region, as it was ob-
served on all plots of monitoring. The complex of sa-
line components includes the following hydrochemi-
cal indicators: the content of chlorides, sulphates and
salinity criterion. The results of average values calcula-
tions for index of surface pollution by saline compo-
nents are tabulated in the Table 2.

According to the indicators of saline components
the Samara river water river on the industrial territories
of Western Donets Basin belongs to the IV quality
class of the ecological classification. This is valid for all
plots of monitoring. The quality of water according to
its state is described as “bad”, and according to the de-
gree of purity, as “polluted”. But the plot of the Sa-
mara river after the discharge point of settling pond in
Svydovok gulley is an exception. The surface water on
the plot belong to the V quality class, and are estimated
as “very bad” according to the state and “very pollut-
ed” according to the degree of purity.

The calculations showed that the major pollutant
among the saline components was represented by high
concentration of chloride components. As for all plots
of monitoring, the water belongs to the V quality class
according to the indicator and its proper description
(Table 1).

According to the sulphates content, the quality of
the Samara river water on the entrance of the indus-
trial territories of Western Donets Basin and before the
discharge point of settling pond in Svydovok gulley, is
estimated as “fair” and “moderately polluted” accord-
ing to its state and the degree of purity respectively. On
leaving the industrial area of Western Donets Basin
region the water quality is described as “satisfactory”
and “slightly polluted” respectively. The Samara river
water on the three plots of monitoring belongs to the
11 quality class. After mining water discharge from the

settling ponds in Svydovok and Kos’minna gulleys, the
quality of water is worsened according to the criteria of
sulphates content. The water belongs to the IV quality
class with the correspondent description (Table 1).

The complex index of ecological and sanitary indi-
cators was determined to demonstrate in-between val-
ues. The calculation of complex index was carried out
on the basis of seven indicators as follows: content of
suspended matter, ammoniacal nitrogen, nitrite nitro-
gen, nitrate nitrogen, phosphates, indicators of di-
chromate oxidizability and BODjs (Table 3).

According to the average values of complex index
of ecological and sanitary indicators in industrial area
of Western Donets Basin region the Samara river water
was qualified as belonging to the IV quality class of the
ecological classification and estimated as “bad” and
“polluted” considering the state and degree of purity
respectively. This is valid for all plots of monitoring.

The calculations for the determination of the Sa-
mara river water quality class with respect to the com-
plex index of ecological and sanitary indicators showed
that major pollutants were represented by ammoniacal
and nitrite nitrogen, phosphates and BODj indicator.
The high concentrations of ammonium ions and ni-
trites indicates the worsening of the sanitary state of
water bodies caused by the contamination by organic
nitrogen substance from grey water, agricultural waste
waters and industrial wastewater of food industry and
other industrial branches. The high concentrations of
ammonium ions in the water bodies means “recent”
pollution, and high concentrations of nitrates and ni-
trites is a sign of pollution in the past.

The surface waters are polluted by phosphorus as a
result of extra phosphorus delivery by means of min-
eral fertilizers from agricultural runoff, low-purified
effluent or crude wastewater or even some industrial
wastewater. This causes dramatic uncontrolled in-
crease of plant biomass in a water body. The estimation
of phosphorus content in a river water is significant for
the determination of potential productivity of water
objects, as the increase of bioproductivity of water
bodies, caused by phosphorus delivery, leads to the in-
tensive eutrophication and dramatic worsening of wa-
ter quality.

Table 2

Estimation of quality state of water in the Samara river according to the saline components criteria

Qualitative and quantitative hydrochemical indicators of water quality in the Samara river on the plots
of monitoring
Indicators I plot 11 plot I1I plot IV plot V plot
1y Ly 1y Ly 1

C» Ali. C Au‘ Cl Av. C Au~ C Al’.
" 5| (quality " 5| (quality > 3| (quality " 5| (quality " 5| (quality

mg/dm class) mg/dm class) mg/dm class) mg/dm class) mg/dm class)
Salinity 2900 4.9 (111) 3300 5.3 (V) 3140 5.14 (1V) 4120 6.12 (V) 2550 4.6 (I11)

Chlorides 616 6.15 (V) 784 7 (V) 805 7 (V) 1347.5 7 (V) 770 7 (V)
Sulphates 1170 | 4.68 (IIT) 1285 5.15 (IV) 1200 4.8 (I11) 1330 | 5.32(1V) 770 3.54 (111)

Complex

index value 7, - 3-24(IV) - 5.81(1V) - 5.65 (1V) - 6.15 (V) - 5.05 (1V)
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Table 3

Estimation of quality state of water in the Samara river according to the complex index of ecological and sanitary
indicators

Qualitative and quantitative hydrochemical indicators of water quality in the Samara river on the plots of

monitoring
Indicators I plot I1 plot I1I plot IV plot V plot
C. IBis C. IBis C. IBi, C. IBi, C. IBi7
" | (quality " 4| (quality " 41 (quality ” o (quality " 5| (quality
mg/dm class) mg/dm class) mg/dm class) mg/dm class) mg/dm class)

Suspended matter | 17.2 | 3.69 (IIT) | 20.425 | 4.05 (III)

23.65 [4.29 (IIT) | 22.575 | 4.18 (III) 12.9 | 3.21 (III)

Ammoniacal

nitrogen 0.37 |4.32(II1)| 0.36 |4.26 (I1T)

0.35 |4.21 M) | 0.22 | 3.11 (1) 0.33 | 4.11 (I1D)

Nitrite nitrogen | 0.03 | 5.31(IV) | 0.03 | 5.31(IV)

0.06 | 6.18(V) | 0.037 |5550V) | 0.084 | 6.67 (V)

Nitrate nitrogen 1.6 6.4 (V) 1.9 6.6 (V)

2.3 6.87 (V) 24 6.93 (V) 1.5 6.33 (V)

Phosphates 0.38 7 (V) 0.18 5.8 (IV) 0.26 6.6 (V) 0.32 7 (V) 0.56 7 (V)
Dichromate
oxidizability 14.9 2.98 (1) 16.5 | 3.06 (III) 15.7 | 3.12 (1I) 16.5 3.06 (I11) 31 5.25 (1V)

BOD; 116 | 6.83(V) | 12.6 7(V)

1128 | 685(V) | 1233 | 7(V) 10.74 | 6.74 (V)

Complex index
value 7, - 5.22 (IV) — 5.15 (IV)

2 [s4sav)| - [s520av)| —  |s5.62(V)

The complex index of special indicators of toxic ef-
fect includes the indicators for the content of iron, co-
pper, zinc, chromium, manganese, lead, nickel, cad-
mium and petrochemicals (Table 4).

According to the average values of complex index
of special indicators of toxic effect in industrial area of
Western Donets Basin region the Samara river water
was qualified as belonging to the III quality class of the
ecological classification and estimated as “fair” and

“moderately polluted” considering the state and de-
gree of purity respectively. This is valid for all plots of
monitoring. The following indicators are of the most
influence on the quality of Samara river water: copper,
nickel, cadmium and petrochemicals. It was stated
that the water in the Samara river belongs to the IV—-V
quality class for all plots of monitoring.

For the complex ecological estimation of quality
state of surface water of the Samara river basin in in-

Table 4

Estimation of quality state of water in the Samara river according to the complex index of special indicators
of toxic effect

Qualitative and quantitative hydrochemical indicators of water quality in the Samara river on the plots of
monitoring
Indicators I plot II plot I1I plot IV plot V plot
1o 1y 1y I I
C. Cu‘ C. Cn' C. Cn' C. Cn' C. Cl’.
” 4| (quality ? | (quality " 5| (quality " 5| (quality " 4| (quality
mg/dm class) mg/dm class) mg/dm class) mg/dm class) mg/dm class)
Iron 0.36 | 4.65(II)| 0.432 |4.83 1) | 0.339 4.6 (I11) 0.36 4.65 (I1I) | 0.342 | 4.6 (11I)
Copper 0.022 | 5.79 (V)| 0.024 |593(V) | 0.024 |5931V)| 0.023 | 5.86(1V) 0.01 5 (1)
Zinc 0.008 1) 0.01 1D 0.008 1(D 0.009 1) 0.012 2.4 (1)
Chromium 0.005 4 (I11) 0.008 | 4.5 (I1I) 0.009 | 4.75 (111) 0.01 5 (111) 0.01 5 (I1)
Manganese 0.022 2.8 (I1) 0.024 | 2.93 (1) | 0.026 3 (1) 0.027 | 3.04 (IIT) | 0.043 | 3.71 (I1I)
Lead 0.005 3(ID) 0.007 | 3.25(I11) | 0.008 3.5 (I1I) 0.009 | 3.75(II) | 0.008 | 3.5 (III)
Nickel 0.023 | 5.07(IV) | 0.026 | 5.17 (V) | 0.028 |5.24(V) | 0.026 517.(IV) | 0.023 |5.07 (IV)
Cadmium 0.0014 | 5.89 (IV) | 0.0017 | 6.03 (V) | 0.0024 | 6.24 (V) | 0.0022 | 6.18 (V) | 0.0022 | 6.18 (V)
Petrochemicals | 0.459 7 (V) 0.45 7 (V) 0.399 7V) 0.444 7(V) 0.51 7 (V)
Complex index
value /. — 4.36 (I1I) — 4.52 (I1I) — 4.58 (I1I) — 4.63 (I1I) — 4.72 (111)
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dustrial area of Western Donets Basin region the val-
ues of integral ecological index (/) were calculated
from the formula

A I+

; @)

1E

The results are given in the Table 5.

According to the obtained values of integral eco-
logical index ({z), in industrial area of Western Donets
Basin region the Samara river water was qualified as
belonging to the IV quality class of the ecological clas-
sification.

But the plot of the Samara river on the entrance to
the industrial area of Western Donets Basin region is
an exception. The water on the plot belongs to the I11
quality class, and is estimated as “fair” according to
the state and “moderate polluted” according to the
degree of purity. The worst indicators of integral eco-
logical index were observed on the plots of monitoring
of the Samara river after mining water discharge from
the settling ponds in Svydovok and Kos’minna gulleys,
which shows the significant influence of coal mining
industry on the components of environment.

It should be noted that as for three complex indices
of surface water quality in the Samara river plots of
monitoring, the major pollutant was represented by
the saline components index (/4), the minor one, by
special indicators of toxic effect (/o). The index in-
volving the ecological and sanitary indicators (/) has
in-between position.

The conclusions and further development pro-
spectives. Ecological estimation of water objects state
is an inevitable condition for ecological standardiza-
tion of surface water. As based on the studies, the fol-
lowing results were obtained:

- the value of integral ecological index was calcu-
lated, which allows considering the surface water of
the Samara river, influenced by water discharge from
coal mining industry enterprises of Western Donets
Basin region, to the IV quality class and describe it as
“bad” according to the state and “polluted” according
to the degree of purity;

- it was stated that as for three complex indices of
surface water quality in the plots of monitoring, the
major pollutant was represented by the saline compo-

nents, the minor one, by special indicators of toxic ef-
fect;

- it was proven that the worst indicators of ecologi-
cal indices were observed on the plots of monitoring of
the Samara river after mining water discharge from the
settling ponds in Svydovok and Kos’minna gulleys;

- it was confirmed that the quality of surface water
of the Samara river on the industrial area of Western
Donets Basin region in all plots does not meet the
standards of ecological safety because of mining waste-
water discharge by coal mining enterprises.

The results of the study demonstrate that the Sama-
ra river basin is highly influenced by anthropogenic fac-
tors, which affects its ecological state and water quality.
Moreover, mining wastewater discharge by coal mining
enterprises has an influence on the worsening of hydro-
chemical regime of surface water in Western Donets
Basin, and thus decreases the level of ecological safety
in coal mining region. As usual the mining water is dis-
charged as raw waste water into the surface water of the
Samara river, so the self-purifying process does not take
place. This means that the polluted water becomes not
only unusable or almost unusable, but also it damages
the whole natural territory complex.

To improve the ecological state of surface water
bodies in the territory coal mining there is the need in:
the development of new system and the change of ex-
isting systems of saline water refinement for coal min-
ing enterprises; the increase of reusability of refined
mining water for technological purposes; the develop-
ment of the criteria for ecologically substantiated dis-
charge of refined mining water with respect to the pe-
culiarities of the Samara river

The estimation of surface water state is significant
for the estimation of the ecological state of the Dnipro
river basin, which is the major waterway of Ukraine.
The results of the study can also be used for the deter-
mining of the main vectors of water protection activity
for the improvement of ecological state of water bodies
or their sections, as well as for the estimation of nature
conservation measures efficiency. The results of the
study can be used for the determining of the main vec-
tors of water protection activity for the improvement of
ecological state of water bodies or their sections, as
well as for the estimation of nature conservation mea-
sures efficiency.

Table 5

Complex integral estimation of ecological state of water in the Samara river

. The values of ecological indices of water Water quality according | Degree of purity of water
Plot of monitoring, lit t /cl . . . .
. quality (category / class) to the integral ecological | according to the integral
the Samara river . T
1, Iy 1o Iy index /5 ecological index /5
I 5.24/1V | 5.22/IV | 4.36/I11 | 4.94/111 fair moderate polluted
11 5.81/IV | 5.15/1V | 4.52/111 | 5.16/1V bad polluted
111 5.65/1V | 5.45/1V | 4.58/111 | 5.23/1V bad polluted
v 6.15/V | 5.26/IV | 4.63/111 | 5.35/1V bad polluted
\% 5.05/1V | 5.62/1V | 4.72/111 | 5.13/1V bad polluted
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Merta. JlocnimKeHHsI HACHAKIB CKUIY IIAXTHUX
BOJ, Y TIOBEpXHEBI BONOMMU Ta BU3HAYEHHSI BiJIIIOBi/I-
HOCTi (paKTMYHUX 3HAYEHb TiApOXiMiuHUX i rigpodi-
3MYHUX MMOKA3HMKIB SIKOCTi BOIM HOPMAaTHBaM €KO-
JIOTiYHO1 Oe3MeKU.

Metoauka. OuiHKa CTaHy TTOBEPXHEBUX BOTHUX
00’€eKTiB, 110 MepeOyBalOTh i BILIMBOM CKMAY IIaX-
THUX BOJX, BUKOHAHA 3a CEPEIHBOPIYHUMM 3HAUYCH-
HAMU Tigpodi3uYHUX i TiIPOXiMiYHMUX TMOKa3HUKIB
SIKOCTi BOJIM BiAMOBIOTHO 10 BUMOT ,,MeTOIUKHN eKO-
JIOTiYHO1 OLIIHKM SIKOCTi MMOBEPXHEBUX BOJ 3a BilIo-
BinHMMU KaTteropissMu . s KOXHOI HiJITHKU CIIO-
CTepexXeHHsS 3a SIKICHUM CTaHOM ITOBEPXHEBUX BOII
BU3HAYAIMCS CEPEIHI 3HAYCHHS 71 TPhOX 0JIOKOBHX
iHAEKCIB SKOCTiI BOAU: 3a0pyIHEHHSI KOMIIOHEHTAMU
COJILOBOTO CKJIaMy, €KOJIOTO-CaHITApHUX MOKA3HUKIB
Ta cnelrbiYHUX MTOKAa3HUKIB TOKCUYHOI [ii.

PesyabraTt. JlOoCHiokKeHO €KOJOTiYHUN CTaH
BOJIHUX 00’€KTiB, 1110 3a3HAIOTh BIUIMBY LIIAXTHUX BOI
BYIJIENOOYBHUX MiANPUEMCTB, 3a CYKYITHICTIO TTOKa3-
HUKIB eKoJIOTiYHUX iHAeKciB. BcraHoBieHo, 1mo 3
TPpbOX OJIOKOBUX iHIEKCIB, SIKi XapaKTepU3YIOThb SIKiC-
HUI1 CTaH ITOBEPXHEBUX BOI Ha MOCIIIKYBAHMUX IIi-
JITHKAX CITOCTEPEKCHHSI, HalOIIbIINIT BHECOK Y CY-
MapHe 3a0pyIHECHHS BHOCSITH KOMIIOHEHTH COJIbOBO-
ro CKJIady, a HAWMEHIINUA — ITOKa3HUKMU crienudid-
HUX PEYOBUH TOKCUYHOI Aii. BusiBieHo, 1110 SIKiCTh
MMOBEPXHEBUX BOM, YHACTIIOK CKUAY BYIJIeIOOYyBHU-
MU MiAIIPUEMCTBAMU HENOCTATHHO OUYMUIIECHUX Iax-
THUMX BOJI, Hi Ha XXOMHI AiNSHII CIIOCTEPEXKEHHS HE
BiAMOBiZa€e HOpMaTUBaM €KOJIOTiUHO1 Oe3IeKU.

HaykoBa HOBM3HA. Yriepllle Ha OCHOBi aHai-
TUYHUX JOCHTIIXEeHb MpOBeAeHa OlliHKa SIKiCHOro
CTaHy BOJHUX O0’€KTIB, 1110 NepeOdyBaloTh Mi BIIN-
BOM CKUIY IIAXTHUX BOM, Ha TIPUKJIAIi MiATIPUEMCTB
BYTUIBHOI TIpOMMCIOBOCTI 3aximHoro JloHOacy, 3a
TphbOMa OJIOKAMU MOKAa3HUKIB: COJTHOBUM CKJIAIOM
BOIIM, €KOJIOTO-CAaHITApHUMU KPUTEPisIMU Ta CIICIIN-
(GiYHUMU pe4OBMHAMM TOKCUYHOI JIii.

IIpakTuyHa 3HaumMmicTb. Pesynsratm mocni-
J>KeHHST MOXYTh OyTH BUKOPUCTaHI JJI1s BUSHAUYCHHS
OCHOBHMX HAMpPsIMiB BOIOOXOPOHHOI AisSIIbHOCTI 1110-
JIO0 O3IOPOBJIEHHS €KOJIOTiYHOI CTaHy KOXHOTO BOMI-
Horo o6’ekta abo oro okpeMoi IUISSHKW W OLliHKU
e(EeKTUBHOCTI MPOBEICHNUX MPUPOTOOXOPOHHMX 3a-
XOJIiB.

KimouoBi cioBa: gyeredobysni nionpuemcmaa,
waxmui 800U, nogepxuHesi 6o0ouUMU, 2iOPOXIMIUHI
NOKA3HUKU, AKICMb 800U, eK0102iYHa be3neKka

Iennb. M3yueHune nmocaeacTBuii cOpoca IIaxXTHBIX
BOJ B MOBEPXHOCTHBIE BOAOEMBI U OMpeaeIeHUe CO-
OTBETCTBUS (PaKTUUECKUX 3HAYECHUI TUAPOXUMUYE-
CKUX U ruapodu3ndecKux IoKasarelieili KadyecTBa
BOJbI HOpMaTHUBaM 3KOJIOTMYECKOIi 0€30IacHOCTH.

MeTtoauka. OlLieHKa COCTOSIHUST TOBEPXHOCTHBIX
BOIHBIX OOBEKTOB, HAXOOAIIMXCS I10J BIMSIHUEM
cOpoca IIAaXTHBIX BOI, BBITIOJIHEHA ITO CPETHETOMO-
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BBIM 3HAYCHUSIM TUAPOPU3NIESCKUX U TUAPOXUMUIIEC-
CKMX TTOKa3aTelleil KauecTBa BOIBI B COOTBETCTBUU C
TpeOOBaHUAMH ,, MeTOONKI SKOJIOTUUECKON OLICHKH
KadecTBa IMMOBEPXHOCTHBIX BOJI ITO COOTBETCTBYIOIINM
KateropusiM . JIJ1s1 Kaxkaoro ydyacTka HaOIoIeHus 3a
KaueCTBEHHBIM COCTOSIHUEM TOBEPXHOCTHBIX BOII
OIpENeIsUINCh CpeIHNUE 3HAYCHUS IJIST Tpex OJIO0KO-
BBIX MHIEKCOB KayeCTBa BOJbI: 3arPSI3HEHUS KOMIIO-
HEHTaMHu COJIEBOIO COCTaBa, 2KOJOI0-CaHUTapHBIX
nokasarejieil u cneliuuIecKux nokasareaeil TOKCH-
YEeCKOro ICUCTBUS.

Pesyabrarsl. MccienoBaHO 3KOJIOTMYECKOE CO-
CTOSTHIE€ BOIHBIX OOBEKTOB, IOIBEPTAIONINXCS BO3-
IEeNCTBUIO IMAXTHBIX BOI YIVICMOOBIBAIOIINX IIPEI-
OPUSTUI, TT0 COBOKYITHOCTHU IMOKa3aTeIeii SKOJIOTH-
YeCKUX MHIECKCOB. YCTAaHOBJICHO, YTO M3 TPEX 0JI0KO-
BbIX WHIEKCOB, XapaKTEePU3YIOIIMX KadeCTBECHHOE
COCTOSIHME ITIOBEPXHOCTHBIX BOI Ha MCCIIEAYEeMBbIX
yJyacTKax HaOJIoneHUsI, HauOOJIbIINI BKJIAaI B CyM-
MapHOe 3arpsi3HeHNEe BHOCSIT KOMITIOHEHTHI COJIEBOTO
CcOoCTaBa, a HAUMEHbBIIIWI — MmoKa3areau crieuuduye-
CKMX BEILIECTB TOKCUYECKOTO AeUCTBUs. BbIsIBIEHO,
YTO KayeCcTBO ITOBEPXHOCTHBIX BOI, B pe3yJibrare
cOpoca yrenoObIBalOIIMMU NPEANPUATUSIMA HEA0-
CTaTOYHO OYMINEHHBIX IIAXTHBIX BOI, HA Ha OTHOM
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yJacTKe HaOJIIoIeH!sI HE COOTBETCTBYET HOpMATUBAaM
SKOJIOTUUECKOI 0€30ITaCHOCTH.

Hayuynas noBuszna. BriepBbie Ha OCHOBE aHaJu-
TUYECKUX MCCIIENOBAHUII IIPOBEIEHA OLICHKA Kade-
CTBEHHOI'O COCTOSIHUSI BOOHBIX OOBEKTOB, HAXOMISI-
LIMXCsI MO BJMSIHUEM cOpoca LIaXTHBIX BOJ Ha IpH-
Mepe YroJIbHOM MPOMBIIUIEHHOCTH 3anagHoro loH-
Oacca, 1Mo TpeM OJi0oKaM IMoKa3aTeJieii: COJIEBOMY CO-
CTaBy BOIbl, 3KOJOrO-CaHUTAPHBIM KPUTEPUSIM U
crneurdUIECKIM BellleCTBaM TOKCUYECKOTO IeCTBUS.

IIpakTUyeckasi 3HAYMMOCTb. Pe3ynbrathl McC-
CJIeIOBaHMSI MOTYT OBITh MCITOJIb30BaHBI JUIS OTIpe/e-
JICHVsI OCHOBHBIX HarpaBJieHUI BOJOOXPaHOM mnesi-
TEJTBHOCTH IO YIYUYIICHUIO SKOJIOTHIECKOTO COCTOSI -
HUSI KaXJI0r0 BOAHOIO 00bEKTa MM €r0 OTAEIbHOTO
ydacTKa, a TakxKe OLeHKU 3(PGEeKTUBHOCTU IIPOBE-
JIEHHBIX IIPUPOAOOXPAHHBIX MEPOIIPUSITHIA.

KimoueBsblie ciioBa: yenedobwiearoujue npeonpu-
AMUSL, WLAXMHbLE 600bl, NOBEPXHOCHIHbLE 8000EMbl,
eudpoxumuieckue noxKazamenu, Ka1ecmeo 6oobl,
IKoN02UMeCcKasi OE30NACHOCTb
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