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Received: 07.05.2019 Abstract. An adaptation of the national water resources management system in accordance
Received inrevised form:30.05.2019 with the requirements of European legislation creates the legislative basis for reforms im-
Accepted: 04.12.2019 plementation in the field of monitoring and water use. The basin management principle

started to be applied, according to which surface and groundwater arrays are the water
resources management units. The preliminary groundwater array status assessment (both quantitative and qualitative) is a necessary
procedure that enforces the development of appropriate monitoring program and measures elaboration in order to improve groundwater
ecological status. This study tested a methodology of groundwater deterioration risk assessment as a tool for previous groundwater
array cological status estimation. The research provides an approbation of the methodology in relation to groundwater arrays identified
and delineated within Siversky Donets river basin (that covers Kharkiv, Donetsk and Lugansk regions). Surface water and groundwater
are affected by significant anthropogenic pressures in form of pollution from point sources of heavy industry facilities. A risk model
comprises groundwater vulnerability map and simulated model of anthropogenic pressure magnitude distribution reflecting the impact
extent of the main sources of groundwater pollution. Vulnerability map was developed using the tool of input factors weight index
estimation. Authors considered the following factors as determining — soils characteristic, aeration zone characteristics, geological en-
vironment of groundwater arrays of Cenozoic-Mesozoic group. The pollution load index was calculated. Input data for calculation are
concentrations of hazardous substances (metals, semimetals, halogens and nitrates and phenol compounds) measured in groundwater
samples during the 2017 monitoring year period. The results of the value interpolation of calculated pollution load index reproduce the
focal (point) nature of groundwater pollution and indicates the significant groundwater pollution of Quaternary and Upper Cretaceous,
both Carboniferous aquifers and corresponding groundwater arrays. A logical matrix is created on the basis of a combination of pres-
sure magnitudes and vulnerability classes. The area of each class of risk is calculated within groundwater arrays with zonal statistic
technique. Consequently, each groundwater array is assigned with preliminary estimated risk category. Created model enab les to per-
form previous groundwater array status assessment. The proposed model expected to be more useful after the data on pollution from
diffuse sources obtaining and its validation after the first stage of surveillance monitoring realization.
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Ouninka eKoJIOriYHOr0 PU3HKY NOTIPIICHHA AKICHOI0 CTaHy MiI3eMHHUX BOJ Y MeKax 0aceiiHy
p- CiBepcbkmii lonens

O.A. Ymuuekwii, B.M. €pmakos, O.B. JIyarosa, K.€. boiiko, JI.I'. ABepin
Hepaicasna exonoeiuna akaoemis nicasouniommoi océimu ma ynpasninns, Kuie, Ykpaina, Oksanalunova@gmail.com

AHoTalis. AranTaiis HalliOHATBHOI CUCTEMH YIPaBIiHHS BOJHUMH PECypcaMy BiJIIOBITHO 10 BUMOT €BPOIEHCHKOr0 3aKOHOIABCTBA
CTBOPIOE OCHOBY [UIsl BIIPOBaKEHHs pedopM y cdhepi MOHITOPUHTY Ta BOAOKOPHCTYBAaHHS. 3MiHCHEHO mepexia 10 GaceiHOBOro
MPUHIIAITY YOPaBIiHHS, 3TIAHO 13 SIKUM, OAMHHIIMU YIIPABIiHHS BOJHUMHU PECYpCaMH € MAcCHBH MOBEPXHEBHX Ta MiJI3€MHHUX BO[I.
Ionepenns owiHka cratycy (SKICHOrO Ta KiJIbKICHOTO) MAacHBY MiJ3eMHUX BOJ € HEOOXIJHOIO MPOLEAYPOIO Tepel po3poOKoo Ta
BITPOBaKSHHSIM MOHITOPHUHTY Ta 32X O/1iB 100 TOKPAIIEHHSI KOJIOTTYHOT0 CTATYCY IMiJ3eMHHX BOA. Y SIKOCT1 IHCTPYMEHTY HOTepeTHbOT
OLIIHKH €KOJIOTIYHOIr0 CTaTyCy MACHBIB ITiI3€MHUX BOJI 3a[IPOIIOHOBAHO METOIMKY OLIIHKU €KOJIOTYHOTO PH3HKY MOT1PIICHHS SKICHOTO
cTaHy mifzeMHuX BoA. OmiHKy 3/iHCHEHO JUIs MacHBiB Mi[3eMHHUX BOJ, BUAITIEHUX Y MeXax piukoBoro 6aceiiny Ciepcpkoro Jlinrs. 3
METOI0 CTBOPEHHSI OL[iHOYHO-PU3HUKOBOI MOJIelTi T00y10BaHOo KapTorpadivuHy MOJENb Ypa3IuBOCTI MiI3eMHUX BOJ 10 3a0pyIHEHHS Ta
CTBOPEHO MOJIEJTb PO3MOALTY aMILTITYIN aHTPOIIOr€HHUX HABAHTAXKEHb, 11O BiI0Opakae Mipy BIUIMBY OCHOBHHUX 00’ €KTiB 3a0pyJHEHHS
M A3eMHNX BOA. Moens ypa3muBOCTi MOOYI0BaHO 13 BUKOPHCTAHHAM 1HAEKCHOI OIIIHKH BXiJJTHUX KPHUTEPIiB, cepe/l IKIMX BUKOPHCTaHO

769


mailto:Oksanalunova@gmail.com
mailto:Oksanalunova@gmail.com

Oleh A. Ulytsky, Viktor M.Yermakov, OksanaV.Lunova, Katherine E. Boiko, Dmytro G.Averin. Journ. Geol. Geograph. Geoecology, 28(4), 769-777.

— XapaKTEepPHUCTHKY IPYHTOBOTO TOKPHBY, 30HH aepailii, TeOJIOriYHOro CEpeOBUINA MAcHBIB MiJ3EMHHX BOJA KaiHO30HCHKO-
Me3030MChKOI IpynHy. 3miHCHEHO PO3paxyHOK 1HIEKCY HAaBaHTaKEHHS Bif 3a0pymHEHHS. Y SIKOCTI BXITHHMX AAHHX IS PO3PaxXyHKY
BHUKOPUCTAHO KOHIEHTparii HeOe3neuHnx koMmnoHeHTiB | ta || kmacy HeGe3meku (MeTaniB, HalliBMETANiB, XaIbKOT€HIB), BUSBICH] y
mpobax Boau. Pe3ymbrati iHTEPIONSAIiI PO3paxoOBaHUX 3HAYCHP 1HACKCY HABAaHTAKEHHS BiJl 3a0pY/JIHEHHS BIJITBOPIOIOTH BOTHHUIIIEBY
(TOYKOBY) KapTHHY TOIIUPEHHS 3a0pYAHEHHS y TiI3¢MHHUX BOJaX alFOBIAIbHIX YETBEPTUHHUX Ta BEPXHBHOKPEHIOBUX BOJOHOCHUX
TOPHU30HTIB y MEKaX JIOCHIJUKyBaHOi TepuTopii. CTBOPEHO JIOTIYHY MATPHITIO Ha OCHOBI ITO€THAHHS aMILTITY]] aHTPOIIOTEHHOI'O THCKY
BiJl 3a0pyIHEHHS 13 KJ1acaMH ypa3JMBOCTI Mia3eMHUX Boja. CTBOpeHa MOJEINb OIIHKH €KOJOTTYHOrO PU3UKY JIO3BOJISE TOMEPETHBO
BiJIHECTH KOXKHUI MaCHB ITiI3EMHUX BOJI JIO BiJIIIOBITHOTO KJIACy PU3HKY JOCSITHEHHS €KOJOTIYHHX IIiJICH.

Kniouoei cnosa: macue niozemMHux 600, eKON0SIUHUL CINAMYC, YPA3IUBICMb, THOEKC HABAHMANCEHHS 610 3A0PYOHEHHS, eKON0SIUHU

PU3UK 3a0PYOHEHH S

Introduction. The process of Ukrainian legislative
framework transition to the European-oriented direc-
tion of development creates necessary background for
current and further reforming of all spheres of human
activity. In particular, since the Association Agreement
document between Ukraine and EU countries was
signed and ratified in 2014, significant change has oc-
curred to environmental management and protection
policy. Series of legislative acts, documents and
acquis that regulate the basic principles of water
resources management in accordance with the Water
Framework Directive 2000/60 (European
Commission, 2000), have been developed and
implemented.

The Law of Ukraine (dated October, 2016) No.
1641 — VIII “On Amendments to Certain Legislative
Acts of Ukraine on Implementation of Integrated
Approaches in the Management of Water Resources
Based on the Basin Principle” introduces the legal
basis and sets new prerequisites for water manage-
ment system reforming by cancellation the territorial
principle and adoption the river basin management,
where the river basin serves as a management unit for
all water resources, including groundwater. As a re-
sult of mentioned law implementation the Water Code
of Ukraine (1995), was amended. There have been
important developments associated with new water
management units’ definitions — surface and ground-
water bodies, as well as water resources management
core provision according to the ecological objectives,
required and established by European legislation, -
good ecological status (both guantitative and quali-
tative) achievement for all water bodies (surface and
groundwater).

The new groundwater resources management
concept (in conformity with updated water legislation)
focuses on the cycle of strategies and measures adop-
tion, launched from the groundwater body identi-
fication and delineation procedure and expired by
groundwater body status assessment (good or bad)
and further appropriate measures development,
aimed in groundwater body state restoration, if neces-
sary. It is clear, that the status assessment reliability
substantially depends on the appropriately and opti-
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mally designed monitoring program (Shestopalov,
2016; Davybida, 2018).

However, it is also important to recognize the role
of the risk assessment phase of ecological objectives
achievement failure in groundwater management
structure, including the data and information prepara-
tion in order to develop monitoring network and mon-
itoring program. In accordance with the new Proce-
dure of state water monitoring (The order of Cabinet
of Ministers of Ukraine, dated 19.09.2018, No. 758)
statements, the development of a monitoringprogram
is preceded by a procedure of identification of an-
thropogenic impact that can influence on groundwater
quantitative and qualitative status. Actually, following
the European experience — first cycle of surveillance
monitoring focuses on actual targets emerged from
preliminary performed risk assessment (European
Commission, 2003). To date, however, the method-
ology of groundwater risk assessment that meets the
requirements of European water legislation as well
as reformed Ukrainian environmental legislation, has
not been developed (Dovhanenko, 2017). Therefore,
it should be expected that he first stage of groundwater
state monitoring realization, in accordance with the
reformed procedure, which will be organized in
coming years for the Dnipro River basin, the Siversky
Donets River Basin and the Dniester River basin, will
probably produce a lot of methodological uncertainties
while groundwater bodies status assignment.

Some concepts and methodological bases for

environmental risk assessment, presented in the
article and proposed by the authors, were carried out
within the framework of the project “Assistance to the
Ministry of Ecology and Natural Resources of Ukraine
in improving the mechanisms of environmental
monitoring” of the OSCE in Ukraine (Denisov, 2018,
Ulytsky, 2018) .
Material and Methods. Study Site Description. The
research provides an approbation of the methodology
for groundwater pollution risk assessment in ground-
water bodies, delineated within Siversky Donets
river basin. The river basin territory (comprising a
part of Kharkiv and Donetsk regions, and Luhansk
region
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entirely) is characterized by rich fuel and energy, min-
eral and raw material resources base, and, as a result,
by high concentrations of facilities of heavy industry
sector. The man-made impact in study region is the
highest compared to the other regions of Ukraine, so
the objects of critical infrastructure creates the envi-
ronmental risk. During the entire period of humanac-
tivity, surface and groundwater, increasingly, were
exposed to impacts and negative effects.

The study proposes to estimate preliminary
groundwater bodies status in terms of qualitative
status criteria.

Groundwater bodies within Siversky Donets
river basin area were identified and delineated
following the requirements specified by the
“Methodology for surface and groundwater arrays
identification” (The Order of the MENR, 2019):
groundwater body should be identified as a part of
aquifer if it contains significant volume of water
enabling to supply drinking water abstraction average
rates in 10 m? per day; as a part

boundary settings, including hydrogeological and
geological natural boundaries.

Three-dimensional delineation preformed based
on three geological structural floors understanding.
So, identified groundwater bodies refer to Cenozoic,
Mesozoic and Paleozoic aquifers systems.

Thus, as a result of hydrogeological conditions
analysis and mentioned above criteria application,
groundwater bodies within Siversky Donets catch-
ment area were identified and delineated (Table 1).

The analysis of groundwater bodies’ delineation
outcomes within site area demonstrates that the larg-
est number of groundwater bodies was identified and
delineated in Cretaceous and Paleogene-Neogene
system aquifers and aquifer complexes. Such an un-
even division is based on exploitation value and sig-
nificance of mentioned aquifers in sense of drinking
water supply. Accordingly, these groundwater bodies
require application of appropriate ecological objec-
tives with increased demands. The poor quality sta-

Table 1. Groundwater bodies (GWB) identified and delineated within Siversky Donets river basin catchment area

GWB name Aquifer media Number of
GWB
GWBs in alluvial quaternary deposits (a,adH, a**P, | Irregular coarse sands with clay layers, sandy loams 8
6-10
o 8 ,IaPI)
GWABs in alluvial deposits of Pliocene terraces Browish gray, gray and yellow clayey irregular coarse 1
(aN,) sands
GWBs in Paleogene and Neogene formations (R, Irregular coarse sands, sandstones, loams 5
N, Rkv-Rhr+N,, P,kn-be, N,pn)
GWSBs in Cretaceous system deposits Marls, sandstones, irregular coarse sands, chalk 12
(Ky K 59)
GWBs in Jurassic system deposits and complexes | Sands, sandstones, limestones 2
(‘]3' ‘]3km’ ‘]30x’ ‘]2)
GWBs in Triassic system deposits (T, T, ., T;,) Irregular coarse sands, sandstones 2
GWBs in Permian system deposits (P,) Sandstones with layers of mudstones, aleurolites, lime- 1
stones and dolomites

GWBs in sandy-clayey deposits of carboniferous Sandstones with layers of mudstones, aleurolites and 3
system (C,-C,) thin layers of limestones and coals

Total 34

of aquifer contoured by contamination borders, de-
tected with previous monitoring data; and/or as a part
of aquifer contoured by the poor quality groundwater
flow boundaries in case it causes or can provoke sig-
nificant deterioration of surface water and terrestrial
ecosystems or underlying aquifers.

Spatial boundaries (horizontal dimension) of
groundwater bodies respond to groundwater flow

tus of groundwater in Quaternary and Carboniferous
aquifers, in turn, needs aquifers to be delineated into
greater number of groundwater bodies, assuming and
taking in the mind the necessity for further develop-
ing of operational monitoring program and measures
in order to improve groundwater quality.
Anthropogenic pressure on groundwater qual-
ity within the Siversky Donets river basin is carried
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out by point and diffuse sources. Main source of dif-
fuse pollution is agriculture (in form of agricultural
wastes) and urban land use (in the form of urban
drainage from surface, including runoff and snow-
melt). Groundwater quality deterioration happens be-
cause of contamination by nitrogen compounds - NO,
and NH,. Chemical composition data analysis for the
2017 monitoring year period demonstrated significant
excess of ammonium TV (2,6 mg-L™*) in groundwater
of Quaternary and Upper Cretaceous aquifers located
on the territory of Lugansk region (Krasna river, Bila
river, Derkul river).

The screening procedure for relevant anthropo-
genic pressures and impacts on groundwater quality
within basin area indicated significant role of point
sources. Screening sources of anthropogenic loading
on groundwater status within the basin indicates
the significant impact of point sources of pollution.
Powerful petrochemical, metallurgical, machine-
building, facilities, as well as coal industry objects
are concentrated on the territory of Siversky Donets
river basin. So, the largest amount (compared to the
whole territory of Ukraine) of sludge collectors and
tailing ponds, industrial discharges tanks, dumping
ground for solid household waste and rubbish heaps
are situated here. Polluted wastewater produced by
the coal, chemical and petrochemical industry, iron
and steel industry, as well as household wastewater,
according to preliminary estimates, are the main
source of regional pollution not only of surface water
but also of groundwater due to contaminants
transport by filtration.

Particular attention should be paid to the impact
analysis of the objects of high ecological hazard and
critical infrastructure - coal mines —and it influence on
groundwater quality and associated ecosystems sta-
tus. In the current circumstances there has been a mas-
sive mines flooding. In future, it can probably cause
such negative processes as land flooding, subsidence,
as well as groundwater chemical state deterioration
within territories adjacent to mine workings.

The risk assessment of groundwater quality
deterioration aims to establish causal links between
certain anthropogenic pressures (that can takes the
form of pollution load) and corresponding impact on
the environment and human health. For groundwater,
the ecological risk assessment procedure should be
based on analysis of the pollution sources, pollution
pathways susceptibility (in form of groundwater vul-
nerability) regarding to aquifer and groundwater as a
receptor.

In fact, the method of groundwater vulnerability
estimation, as European (Voudouris, 2018) and nation-
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al experience has shown (Koshljakov, 2014; Levonjuk,
2018), is limited to two possible approaches:

- direct estimation — based on groundwater
bodies chemical status monitoring, as well as
on certain contaminants’ residence time
calculation while reaching aquifer, taking into
account the protective properties of water-
bearing and low-permeable geological
complexes and also  physic-chemical
contaminants properties.

- indirect estimation — based on the pollution
load calculation combining aquifer vulnerabil-
ity assessment.

In this study, the groundwater pollution risk as-
sessment is based on a combination of cartographic
models of wulnerability and the magnitude of
anthropogenic pressure (Koztowski, 2019):

Risk = Vulnerability + Pressure Load Magni-
tude

Groundwater vulnerability assessment

The pathway susceptibility can be defined with
the same characteristics as aquifer vulnerability — the
sensitivity of groundwater system to anthropogenic
loads. At the same time, vulnerability value is inverse-
ly proportional to the value of groundwater protec-
tion level, which demonstrates the lithologic-filtration
protective ability of the geological entire settings.

The approach of groundwater vulnerabil-
ity cartographic model obtaining is a reflection of
the DRASTIC model, built on the input factors in-
dex estimation method as a tool (Jang, 2017). The
DRASTIC method, developed by experts from the
US Environmental Protection Agency (Aller, 1987),
has been widely used in Europe for recent years as
a tool for groundwater vulnerability to pollution
mapping. Groundwater vulnerability map is the result
of overlay analysis of the layers characterizing input
factors’ values distribution (1) and the further division
of the resulting surface of obtained total vulnerability
index into classes. Each layer is divided into classes
according to the rule of natural breakdown, a weight
coefficient is given to each class.

DRASTIC Index = DD+ RxR,+ AXA,+
S xS, + TxT +1xl+CxC, D,

where DRASTIC Index — the resulting
vulnerability map (computed surface of the total
vulnerability index distribution); D - layer of the
depth to groundwater level value distribution; R -
layer of the recharge value distribution;
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A — layer, that demonstrates the aquifer media
characteristics’ distribution (sands, limestones, etc.);
S — layer, that demonstrates soil types distribution; T
- layer of the relief slope value distribution; I — layer,
that demonstrates vadoze zone characteristics’ dis-
tribution; C — layer of hydraulic conductivity value
distribution; r - parameter class; w - is the weighting
coefficient for each parameter.

Pollution load index and pressure load magnitude
calculationz

Taking into account that the main source of
groundwater pollution within the Siversky Donets
river basin are industrial facilities it was decided to
perform the pollution load estimation basically on
data analysis comprising concentration estimation of
components of the 1tand 2¢ hazard classes inground-
water samples. The list of components includes
- metals (Be, Cd, Hg, Co, Ni, Cu, Zn, Pb, Mo, Sr,
Cr, Li), Chalcogen (Se), Halogens (Br), Semimetals
(B). The analysis showed that in the vast majority of
water samples the content of harmful components
(each individually) does not exceed the maximum
permissible concentrations determined by the sanitary
norms for drinking water.

The analysis showed that in majority of water
samples, the content of harmful components
(individually for each component) does not exceed
the TV concentrations determined by the sanitary
norms for drinking water in Ukraine (Derivative
Sanitary Norms and Rules document 2.2.4-171-10).
Instead, in some water samples there is a wide range of
components of the 1%tand 2¢ hazard classes, although
sometimes they are contained at low concentrations.
Therefore, in order to assess the groundwater resis-
tance in certain groups of chemical elements accumu-
lation (Sobhanardakani, 2016; Bhutiani, 2017), the
pollution load index (2) was used:

PLI = (CF; X CFj4q X ...CE)'™, 2),
where PLI — pollution load index;
CF, — index of contamination by a certain

substance;

n —the amount of hazardous substances identified
in the water sample.

Index of contamination by a certain substance,
identified in the water sample, is calculated by the
equation (3):

CA
CR=gy—1 @)

where CA — the estimated value of the hazardous
substance;

CN — standard value of hazardous substance in
drinking water sample (TV established by national
standards).

Even if concentrations of hazardous substances
in groundwater sample do not exceed the established
TV, the value of pollution load index, which is always
> 0, matches the presence of dangerous compounds
with an appropriate distribution of concentrations.

In order to calculate the pollution load index,
indicators of the maximum allowable concentrations
(TV analogue in Europe) determined by the sanitary
standards for drinking water (Table 2) were used.

Table 2. TV of compounds, used for PLI calculation
under the study

Substance TV, mcg-L*
Br 200
B 500
Cd 1
Zn 1000
Ni 20
As 10
Pb 10
Li 30
Cu 1000

In the course of the study, chemical composition

data of water samples of the Mesozoic-Cenozoic
groundwater aquifers of 2017 year were processed.
Further, Kriging interpolation method was applied
to each section of well-grouping with calculated pol-
lution load index in order to obtain a simulation of
index distribution. Accounting for the study speci-
fication, this method is more appropriate, since
applying kriging assumes that the distance between
the reference points reflects the spatial correlation that
can be used to explain the change on the surface. The
resulting interpolation surfaces are combined into one
for further analysis.
Results and discussion. Based onthe DRASTIC index
tool applying, a map of groundwater vulnerability
within first from the surface unconfined and partly
confined aquifers was exposed. As an input criterion
for vulnerability model constructing the preliminarily
prepared reclassified surfaces (layers) of factors
were used. Input layers describe slopes of relief, soil
permeability (expressed by reclassified layer of soils
mechanical composition), the distribution of rainfall
values, recharge zones characteristics, vadoze zone
thickness values’ distribution. The assignment of
weight coefficient to each of the input factors was
based on the analysis of the hydrogeological and
geological settings of the study area (Table 3).
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Table 3. Input factors for vulnerability model building

Input factor Weight
Slope 1
Soils mechanical composition 2
Rainfall 4
Recharge zones 2
Vadoze zone thikness 5

The resulting vulnerability model built for
groundwater in Cenozoic-Mesozoic aquifers is
divided into 5 classes: of very low, low, medium, high
and extremely high vulnerability (Fig. 1).

As a result of the application of equation (2), the
pollution load index for groundwater in the Cenozoic

and Mesozoic sediments was calculated (Table 4).

Additionally, pollution load indexes from phenols
and nitrates in Cenozoic aquifers (and corresponding
groundwater bodies) were analyzed, calculated and
mapped as a separate layer.

As aresult of pollution load index calculating and
the corresponding cartographic surfaces modeling,
we found out that groundwater contamination has a
focal nature and very accurately reflects the behavior
of receptors in the system “shallow groundwater-
partly confined groundwater”. For this reason, as
well as due to the lack of input monitoring
information on the groundwater chemical
composition, it was decided to use the resulting
surface of the pollution load index distribution as the
basis for characterizing the magnitude of
anthropogenic pressure (Table 5).

Table 4. Concentration values of substances (in mcg-L™) identified in water samples from Cretaceous aquifers within Siversy Donets

river basin and calculated value of pollution load index

Sample No. Br B Cd Zn Ni As Pb Li Cu PLI
1 300 - - - - - - - - 15
2 - - 2 - - - - - - 2.0
3 0.95 0.40 - - - - - - - 0.0019
4 0.95 0.28 - - - - - - - 0.0016
5 0.63 0.40 - - - - - - - 0.0025
6 - - - 0.05 0.01 - 0.02 - - 0.0036
7 1.37 0.37 - - - - - - - 0.002251
8 0.21 0.28 - - - - - - - 0.000767
9 0.20 0.36 - - - - - - - 0.000849
10 0.20 0.50 - - - - - - - 0.001
11 0.20 0.36 - - - - - - - 0.000849
12 0.20 0.19 - - - - - - - 0.000616
13 0.20 0.10 - - - - - - - 0.000447
14 0.42 0.28 - - - - - - - 0.001084
15 0.42 0.24 - - - - - - - 0.001004
16 0.84 0.90 - - - - - - - 0.00275
17 0.20 0.44 - 25 - - - 0.008 - 0.001556
19 2.53 0.56 - - - - - - - 0.002381
20 0.63 0.85 - - - - - - - 0.01464
22 - - - 0.012 - - - - - 0.000012
23 0.20 0.05 - 7 - - - 0.016 - 0.000782
25 0.32 0.40 - 23 - - - 0.016 - 0.001991
28 0.20 0.86 - 20 - - 0.005 - - 0.001547
29 - - - 0.413 - - - - - 0.000413
33 410 200 - - - - - - - 0.905539
40 - - - 0.06 - - - - - 0.00006
41 - - - 10 - - - - - 0.01
43 - - - 0.04 - - - - - 0.00004
44 3.38 0.32 - - - - - - - 0.003289
45 1.27 0.19 - - - - - - - 0.001553
47 200 100 - - - - - - - 0.4472
48 0.001 - - - - 0,005 0.01 - 0.005 | 0.0000059

774



Oleh A. Ulytsky, Viktor M.Yermakov, OksanaV.Lunova, Katherine E. Boiko, Dmytro G.Averin. Journ. Geol. Geograph. Geoecology, 28(4), 769-777.

\
CALW Mt

AL M QIe

. ¥, <Y “( .\’ = ' AGHMSSITIRT o
Groundwater vulnerability: r!;‘i 2
[—4] Ver}" Low CACH MYt
[ ] Low -
B Middle
. e
B  Extremely high

Fig. 1. Mapping model of Cenozoic-Mesozoic aquifers vulnerability within Siversy Donets river basin

Table 5. Anthropogenic pressure magnitude classes and
corresponding ranges of pollution load index values

A range of calculated PLI Pressure Magnitude
values
0-0.2 Very low
0.2-0.8 Low
0.8-1 Middle
1-3 High
3-7 Extremely high

In order to build a model of risk assessment,
the logical matrix of pollution risk classes developed
based on vulnerability classes and anthropogenic load
magnitudes combination (Table 6).

As a result of zonal statistics application, the area
of each class of risk is calculated within groundwa-
ter bodies. A preliminary assessment of the ground-
water body status is carried out on the basis of the
predominant risk class according to the area criteria.
Conclusion. The risk of groundwater chemical
status deterioration assessment referring to the new
objects of water management system — groundwater
bodies — was performed for the first time. It reflects
the development of current negative phenomena
affecting the groundwater status within the studied
region. Validation of the performed estimation and
calibration of the input parameters of the estimation-
risk model seems to be feasible after the first stage of
surveillance monitoring (that meets the requirements

Table 6. The matrix for groundwater pollution risk assessment

Vulnerability
Pressure Magnitude - - -
Extremely High High Middle Low Very Low
Extremely High EH EH H H M
High EH H H M L
Middle H H M M L
Low M M M L L
Very Low L L L L VL
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of updated State Water Monitoring Procedure) and
obtained data analysis.

The calculated model, proposed under the study,
and its application enables to make a preliminary pol-
lution risk assessment for each groundwater body and,
accordingly, to adjust the monitoring program. It has
been established that the highest risk level (in grades
“high” and “extremely high”) is set for groundwater
bodies in Quaternary and Upper Cretaceous aquifer
systems, identified within Siversky Donets river basin
catchment area. Also, according to the results of risk
assessment, the poor quality status of groundwater
bodies in Carboniferous aquifers was identified.
However, the further groundwater vulnerability
within  Carboniferous aquifer system model
elaboration is a subject of detailed and in-depth
research.

The proposed methodology for risk assessment
is based on the groundwater vulnerability model
building combining the direct anthropogenic
pressure  magnitude calculation.  Groundwater
vulnerability model consists of input parameters
weight index estimation and adopted for applying at
following stages of groundwater resources
management cycle as ascreening tool for operational
assessment of relative magnitude of other types of
anthropogenic pressures (for example, from diffuse
sources of groundwater pollution with nutrients,
ammonium compounds and nitrate pollution from
agricultural sources). Methodology can also be used
for  preliminary groundwater bodies’  status
assessment. The possibility of the integrated
consideration of proposed vulnerability model with
direct characteristics of contamination behavior
(migration properties) released from diffuse sources
requires further detail investigations.
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