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Purpose. Potable ground water chemical composition and quality class changes tendencies of Cenomanian-Callovian groundwater
complex in Kyiv as a result of long-term exploitation were revealed. For this purpose mathematical-statistical methods and GIS-
technologies were used.

Methodology. In the research systemic, mathematical-statistical, geoinformational approaches, typification method and descriptive
procedure were used. For mathematical and statistical processing Microsoft Excel, Statistica, Attestat software packages were chosen;
for cartographic schemes construction and for spatial analysis and modelling in GIS Corel Draw, Mapinfo Professional and ArcView
programs were used.

Findings. Kyiv potable ground water chemical composition and quality class changes investigation methodology on the basis of
combined mathematical-statistical methods and geoinformatics technologies were developed. Non-parametric statistics method (Mann-
Witney criterion), used for hydrogeochemistry data analysis, description and substantiation are given. Kyiv territory typification, based
on geomorphology characteristic, was done; the most vulnerable to contamination city zones were defined.

Originality. For the first time general tendency of Cenomanian-Callovian groundwater complex deterioration was revealed in Kyiv; it
was determined that city potable groundwater chemical composition basic components changes of observable groundwater complex
have irregular space character and depend on exploitation intension and geo-hydrogeological and geomorphological territory district
structure. Also for the first time Kyiv territory typification, based on Cenomanian-Callovian potable ground water chemical composition
basic components and quality class changes, was implemented; deterioration tendencies were determined.

Practical value. Practical application of determined Cenomanian-Callovian complex potable ground water chemical composition and
quality class changes tendencies in Kyiv will allow to prevent further ground water deterioration with the help of exploitation system
optimization. Obtained results have the potential to become the basis for the potable ground water chemical composition monitoring

system development in Kyiv; methodological approaches and techniques can be used for urbanized territories ground water study.

Introduction. Nowadays Kyiv population potable water
supply is provided both at the expense of surface water
(75,9 % of city supply general balance) and groundwater
(24,1 %) [5]. Since surface waters are polluted and need
considerable preliminary water preparation for potable
quality assurance, strategically important potable water
source is groundwater. From this point of view within the
bounds of Kyiv important groundwater sourses are
groundwater complex in sediments of the middle and the
upper Jurassic Ivanytska formation and the lower and the
upper Cretaceous Zagoryvska, Zhuravynska, Burimska
formation (next — Cenomanian-Callovian groundwater
complex) and aquifer in sediments of the middle Jurassic
Bayos layer Orelska formation.

During long-term exploitation (more than 100 years),
significant changes of active water exchange zone hydrody-
namic conditions appeared. Also these changes are detected
in the above mentioned groundwater complex and aquifer [2,
4]. This potentially should have an effect on groundwater
chemical composition. However, modern water quality obser-
vation system is exceptionally factographic (MPC accordance
periodical dotted control) and doesn't provide spatio-temporal
estimation of groundwater chemical composition changes, the
same way as deterioration forecasting.

In this connection the necessity of research to reveal po-
table Cenomanian-Callovian groundwater complex chemical
composition and quality changes tendencies, based on mod-
ern native and european requirements, appeared.

Methodology. Systemic, = mathematical-statistical,
geoinformational approaches, typification method and de-
scriptive procedure were used in research. For mathemati-
cal and statistical processing Microsoft Excel, Statistica,
Attestat software packages were chosen; for cartographic
schemes construction and for spatial analysis and
modelling in GIS Corel Draw, Mapinfo Professional and
ArcView programs were used.

Accumulated during decades data about chemical
composition of Cenomanian-Callovian groundwater com-
plex are disordered on area and in time. For the purpose to
generalizate this data in the view of spatio-temporal esti-

mation of water quality changes, the author has created
geoinformational database model with the help of Maplnfo
Professional software (scale 1:10000, projection GK, zone
6, Pulkovo 1942). The attributive table architecture, con-
taining Cenomanian-Callovian groundwater complex
chemical composition and bacteriological quality factors on
separate wells, has been designed. The table contains
both modern and archival data. Today geoinformational
database model supports information on 298 wells.

Given data have been analyzed by using the demands
of National Standard of Ukraine "Sources of centrical pota-
ble water-supply. Hygienic and ecological demands for
water quality and withdrawal principles. ICTY 4808:2007"
[6]. These demands are designed for the centrical potable
water-supply sources and determine hygienic, ecological
and technological requirements for new and present centri-
cal water-supply sources.

It has been revealed that, during long-term exploitation,
Cenomanian-Callovian groundwater complex quality has
become worse in such factors as mineralization (has
changed from 1 quality class to 3 class) and hardness (has
changed from 3 quality class to 4 class).

For such groundwater chemical composition factors as
mineralization, ammonium and oxidizability histograms
have been constructed and verification of samples in
accordance to normal (logarithmically normal) probability
law has been done (Figure 1).

It has been revealed that different temporal samples
obey different statistical laws (normal or logarithmically nor-
mal). In many cases is not possible to determine statistical
law. Bimodal distribution existence for oxidizability gives the
possibility to assume that this factor changes on area irregu-
larly. At the next research stage for each factor verification of
two different temporal samples (the end of the XIX — the
beginning of the XX century and the beginning of the
XXI century) accordance to the one universal set by means
of Mann-Witney criterion has been done [1].

The following statistically significant results have been
obtained. Longstanding monitoring data show that miner-
alization value (mean and median) in Cenomanian-
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Callovian groundwater complex has practically not
changed (mean 356,9 ppm and median 350 ppm at the
beginning of the XXI century compared to mean 356,5 ppm
and median 353,7 ppm at the end of the XIX — the begin-
ning of the XX century). As for ammonium concentration in
observable groundwater complex, its value has been stable
till the 1990s, when ammonium mean value rose to
1,3ppm and median value rose to 0,4 ppm. At the
beginning of the XXI century ammonium concentration

decreased to the end of the XIX century — the beginning of
the XX century level. Oxidizability concentration rose in
mean value in 1,38 ppm and in median value in 0,87 ppm
at the groundwater complex intensive exploitation period
(the 1960s-1980s). Though statistically in oxidizability
today's Cenomanian-Callovian chemical composition does
not differ from the end of the XIX — the beginning of the
XX century, mean and median oxidizability values in the
2000s are higher than at the beginning of exploitation.
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Figure 1. Oxidizability value histogram for period from the end of the XIX to the beginning of the XXI century

The author has suggested that irregularity of
Cenomanian-Callovian groundwater complex chemical
composition factors changes are stipulated by the territory
geological-hydrogeological and geomorphological structure
features and long-term groundwater complex exploitation.
With the aim to check this suggestion the author has con-
structed five schematic geological-hydrogeological sections
for the Kyiv territory districts, which geomorphologically differ
from each other, on the basis of available printed and fund
materials: Prydniprovska upland flat part, Prydniprovska
upland loess residual outcrops, minor rivers valleys, the Dni-
pro river valley and the part of Prydniprovska lowland. The

main aquifers and groundwater complexes hydrodynamic
heads as of the middle of the XX century and of the begin-
ning of the XXI century have been put on sections. Con-
structed sections testify that territory districts are
characterized by difference in inter-relations of the main ag-
vifers and groundwater complexes hydrodynamic heads.
Therefore the conclusion was drawn about necessity of
further research taking into account the above mentioned
territory typification. For this purpose geoinformational data-
base model in Mapinfo Professional software has been
amplified with respective layer which spatially reflects such
typification (Figure 2).
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Figure 2. Geoinformational Iayér of Kyiv with territory typification:
1 — Prydniprovska upland flat part; 2 — Prydniprovska upland loess residual outcrops; 3 — minor rivers valleys;
4 — the Dnipro river valley; 5 — the part of Prydniprovska lowland
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Groundwater chemical analyses results samples have
been formed separately for each type with the aim of
further mathematical-statistical treatment. By means of
Statistica software using non-parametric Mann-Witney
criterion verification of samples belonging to the one
universal set has been done for four time periods: the end
of the XIX — the beginning of the XX century, the 1960s-
1980s, the 1990s, the beginning of the XXI century.
Different temporal samples of selected factors have been
compared both for each separate territory type and for
different types [3].

It has been revealed that within the limits of
Prydniprovska upland flat part and Prydniprovska upland
loess residual outcrops, minor rivers valleys and the part
of Prydniprovska lowland mineralization stays invariable
during all the groundwater complex exploitation period.
However within the limits of the Dnipro river valley min-
eralization has decreased since the 1990s and stays
this way today.

Within the bounds of Prydniprovska upland loess
residual outcrops and minor rivers valleys ammonium does
not change. In Prydniprovska upland flat part and the Dni-
pro river valley ammonium concentration decreased in the
1960s-1980s. Next within the limits of the Dnipro river val-
ley changes are not fixed, while in Prydniprovska upland
flat part ammonium value increased in the 1990s; at the
beginning of the XXI century ammonium decreased again.

Within the limits of Prydniprovska upland loess residual
outcrops, the Dnipro river valley, minor rivers valleys
oxidizability value increased at the groundwater complex
intensive exploitation period (the 1960s-1980s) and stays
this way today. However in Prydniprovska upland flat part
oxidizability value remained stable before the beginning of
the XXI century. Today oxidizability has decreased com-
pared to the 1990s of the XX century.

During the research of groundwater complex chemical
composition changes process between isolated territory
types the following tendencies have been revealed:

1. The highest mineralization values at the end of the
XIX century — the beginning of the XX century were within
the limits of the Dnipro river valley (median 388,4 ppm). In
mineralization the Dnipro river valley has exceeded
Prydniprovska upland flat part (332 ppm), minor rivers
valleys (348 ppm) and Prydniprovska upland loess residual
outcrops (328 ppm). In the 1960s-1980s mineralization
values in all five types became uniform and stay this way.

2. The highest oxidizability values at the end of the XIX
century — the beginning of the XX century were within the
limits of Prydniprovska upland loess residual outcrops
(1,6 ppm) which exceeded Prydniprovska upland flat part
(1,25 ppm) and minor rivers valleys (1,36 ppm). In the
1960s-1980s of the XX century oxidizability values in-
creased in the Dnipro river valley and essentially exceeded
Prydniprovska upland flat part and the part of Prydni-
provska lowland. The highest oxidizability values at the
beginning of the XXI century are in the part of Prydni-
provska lowland (2,23 ppm) which exceed Prydniprovska
upland flat part (1,84 ppm) and the Dnipro river valley
(1,64 ppm).

3. At the end of the XIX century — the beginning of the
XX century ammonium values were different in all the
types: the lowest values were in Prydniprovska upland
loess residual outcrops (0,28 ppm) and in minor rivers

valleys (0,15 ppm). The highest ammonium values were in
Prydniprovska upland flat part (0,36 ppm) and the Dnipro
river valley (0,35 ppm). In the 1960s-1980s ammonium
values in all five types became uniform and remained this
way before the beginning of the XXI century. The highest
ammonium values at the beginning of the XXI century are
within the limits of minor rivers valleys (0,42 ppm) and in
the Dnipro river valley (0,38 ppm), which exceed
Prydniprovska upland flat part (0,14 ppm) and
Prydniprovska upland loess residual outcrops (0,22 ppm).
Conclusions. It is possible to contend that the most
vulnerable to groundwater chemical composition changes
territory types are minor rivers valleys, the Dnipro river
valley and the part of Prydniprovska lowland. These three
types are characterized by increasing of mineralization,
ammonium and oxidizability values in time. This phenome-
non can be explained by the fact that the above mentioned
types are geologically less protected from surface contami-
nation. Moreover, these types are more influenced by sur-
face water than other types. Cenomanian-Callovian
groundwater complex chemical balance disturbance con-
temporizes with hydrodynamic conditions disturbance, de-
termined by experts-hydrogeologists since the 1950s.
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AVHAMIKA 3MIH XIMIYHOTO CKNAAY MUTHUX MIA3EMHUX BOA
CEHOMAH-KENOBENCbKOrO BOAOHOCHOIO KOMMNEKCY
HA TEPUTOPIi m. KAEBA B YMOBAX TPUBAJIOl EKCMINYATALII

Mema. BusieneHHss meHAeHUyili 3MiH XiMi4yHO20 cknady ma knacy sskocmi NMUMHUX nid3eMHUx 800 CeHoMaH-Kes108elicbko20 8000HOCHO20 KOM-

nnekcy e mexax M. Kueea, suknukaHux mpueasoro ekcrniiyamayieto, 3a 00romMo20+o IKO-C iIcmu4Hux memodie ma NIC-mexHosnoeiti.
Memoduka. B po6omi 3acmocoeaHi cuc U, uKo-c Icmuy4Hul, 2eoiHghopmauitiHuii nidxodu do eusyeHHs1 06'ekma, Memod
muni3zayii ma onucoeuii memod. Ans I4HOT i ¢ Icmu4Hoi 06pobku 6ynu obpaHi nakemu npoepam Microsoft Excel, Statistica,

Attestat; dna nobydoeu kapmozpaghiyHux cxeM, a makox Osisi MPOCMopPoeo20 aHanisy i ModenroeaHHs e 'IC 6ynu 3acmocoeaHi npozpamu Corel
Draw, Maplinfo Professional ma ArcView.

Pe3ynbmamu. Po3po6neHa memoduka docnidxeHHs1 3MiH XiMiyHo20 cknady ma sikocmi numHux nidzemHux eod M. Kuesa Ha 6a3i cninbHoz20
3acmocyeaHHs1 Memodie MameMamu4HOi cmamucmuku ma 2eoiHghopmMayiliHux mexHonogili. HaeedeHo onuc ma o6rpyHmyeaHHs1 3acmocyeaHHs!
memodie Henapamempu4Hoi cmamucmuku (kpumepili Mana-YimHi), ujo 6ye eukopucmanuli 9ns aHanidy 2i0poximiyHux daHux. BukoHaHa muni3a-
yiss mepumopii M. Kueea ma eudineHi Halibinbw epa3snuei do 3a6pydHeHHs1 OinsiHku micma.

Haykoea Hoeu3Ha. Bnepwe susignieHa 3a2asibHa meHOEHUis 00 Noz2ipweHHs Kiacy sikocmi 600U ceHoMaH-Kes108elicbko20 8000HOCHO20 KOM-
nnekcy e mexax mepumopii M. Kuesa. BcmaHoesieHO, wjo 3MiHU OCHOBHUX KOMIMOHeHMmie XiMi4yHo20 ckiiady numHux nidzeMHux eod docidxyea-
HO20 8000HOCHO20 KOMIJIEKCY Ha mepumopii Micma Mmatomb HepieHOMIpHuUL 3a niowero xapakmep i 3anexams 6i0 iHmeHcueHocmi ekcrinyamauii
ma 2eos1020-2i@pozeosioziyHoi i 2eomopghonoziyHoi 6ydoeu dinssHku mepumopii. Takox enepwe 6yna eukoHaHa munizauiss mepumopii M. Kueea 3a
3MiHaMu OCHOBHUX KOMMOHeHmie ximiyHo2o cknady ma Knacy sskocmi numHux nid3eMHuUx o0 ceHOMaH-Kesnoeelicbko2o 8000HOCHO20 KOMIIeKCY i
ecmaHoesieHi meHOeHUiT yux 3MiH.

lMpakmuyHa 3Ha4Yumicms. lpakmuy4He eépaxyeaHHsI eécmaHoesieHuUx meHAeHyili 3MiH xiMiyHO20 cknady ma Knacy sikocmi nUMHUX niG3eMHuUx
800 ceHOMaH-Kesio8elickoeo 8000HOCHO20 KoMiekcy 8 mexax M. Kueea dozeonume 3anobizmu nodanbuwioMy rnozipweHHIo sikocmi nid3eMHux
800 wuisixoM onmumi3ayii cucmemu ix ekcriiyamauii. OmpumaHi pesynbmamu MOXymb Cily2yeamu oCHO80 O71s1 po3pobKu cucmemu MOHIimopu-
Hay XiMi4Ho20 cknady numHux nié3emHux 800 y M. Kueegi, Memodu4Hi nidxo0u ma nputiomu Moxymb 6ymu eukopucmati 011 8U84YeHHS Mid3eMHuUxX
800 Ha iHwux yp6aHizoeaHuUx mepumopisx.
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OVNHAMUKA VI3MEI-!EHVII7I XUMUYECKOI'O COCTABA NNTBEBbLIX MOA3EMHbLIX BOL]
CEHOMAH-KEJTOBEMCKOIro BOJOHOCHOIO KOMIMNEKCA HA TEPPUTOPUW r. KNEBA
B YCNOBUAX OANUTENbHOWU SKCNNYATALUN

Uenb. BbisisenieHue meHOeHYyuli usMeHeHuli XUMU4eCKO20 coCcmaea U Ksiacca kayecmea numbeebiX M003eMHbIX 800 CeHOMaH-Kesl08elicko2o
8000HOCHO20 Kommiekca e npedesnax 2opoda Kueea, ebizgaHHbIx AnumesibHOU 3Kcnayamayuel, Npu MoMowu MamemamuKo-cmamucmu4ecKux
memodoe u M'MC-mexHonozaull.

Memoduka. B pabome ucnonb3o08aHbl cUCMeMHbIl, MameMamuKo-cmamucmuYecKkul, 2e0UHGOPMayUOHHbIU M0dx00b! K U3y4eHuro o6 Lekma,
mMemod munusayuu u ornucamesibHbil Memod. [ns Mmamemamu4veckoli u cmamucmuyeckoli o6pabomku 6binu ebl6paHbl Nakemsl NPo2pamm
Microsoft Excel, Statistica, Attestat; dns nocmpoeHusi kKapmozpaghuyecKkux cxeM, a makxe 0Jis IPOCMpPaHCMeEeHHO20 aHaslu3a u ModeslupoeaHusi
NC 6b1nu ucnonb3oeaHsbl Nnpozpammbl Corel Draw, Mapinfo Professional u ArcView.

Pe3ynbmamei. lMpednazaemcsi Memoduka uccnedogaHusi UsMeHeHuli XUMU4ecKo20 cocmasa U kayecmea numbeeabix nod3emMHbix 800 2. Kueea
Ha 6a3ze coeMecmHoO20 NMpuUMeHeHUsi Memodoe 149eckoll ICMUKU U 2eo0UHgopMayuoHHbIX mexHonoaul. lpueedeHo onucaHue u
o6ocHosaHue Memodoe Henapamempuyeckoli cmamucmuku (kpumepuli ManHa-YumHu) u kpumepusi A66e, komopble 6biau ucnonb308aHbl Ons
aHanu3sa 2udpoxumuyveckux 0aHHbIX. BbinonHeHa munusayusi meppumopuu 2. Kueea no 2eomopghosio2udeckomy npusHaky u esidesieHbl Haubosee
ysAi3eUMbIe K 3a2Psi3HEHUI0 y4acmku 2opoda.

Hayuynasi Hoeu3Ha. Bnepenie ebisiesieHa ob6wasi meHOeHUUs1 K yxyOweHUo Krnacca Kadyecmea e00bl CEHOMaH-Kesls108elickoeco 8000HOCHO20
Komnnekca e npedenax meppumopuu 2. Kuesa u ycmaHoesieHo, Ymo U3MEHEHUSI OCHOBHbLIX KOMITOHEHMO8 XUMUYEeCKO20 cocmasa numbesbix
nodsemMHbIx 800 uccsedyeMo20 8000HOCHO20 KOMIJIEKCa Ha meppumopuu 20poda umMerom HepaeHOMEepPHbIl Mo rowadu xapakmep u 3asucsim
Om UHMEHCUBHOCMU 3KCMIyamayuu, a makxe 2e0/1020-2U0P02€0/102U4ECKO20 U 2e0MOPEHOII02U4ECKO20 CMPOEHUS y4acmka meppumopuu. Tak-
)Ke enepeble 6bina ebiMosIHeHa munu3ayusi meppumopuu 2. Kueea no uamMeHeHUsIM OCHOBHbIX KOMITOHEHIMO8 XUMU4eCKo20 cocmaea u Kniacca
Kavyecmea numbeebiX Mo03eMHbIX 800 CEHOMaH-KeJ1108elicko20 8000HOCHO20 KOMIIeKCa U yCmaHo8 /1eHbl MeHOeHUUU 3mux U3MeHeHul.

lMpakmuyeckasi 3Ha4yumocmsb. lMpakmuyeckuli y4em ycmaHoesieHbix meHOeHyuli usMeHeHull XUMUYeCKo20 cocmaea U Kiacca kavdecmea nu-
mbeebix Mod3eMHbIx 800 CeHOMaH-Kesnoeelickoeco 8000HOCHO20 Komrsiekca e npedenax 2. Kueea noszeonum npedomepamumsb OanbHeliwee
yxyoweHue ka4ecmea nod3emMHbIx 800 mymem onmumu3ayuu cucmemsbl ux akcrslyamayuu. lMonyyeHHble pe3ynbmambl MO2ym MOCIY)XUmb OCHO-
eoli dnsAi pa3pabomku cucmemMbl MOHUMOPUH2a XUMUYEeCKO20 cocmaea numeeabix nod3emMHbIx 800 8 2. Kuese, Memoduyeckue nodxodbl U npu-
eMbl Mo2ym 6bImb UCMO/1b308aHb! G151 U3y4eHusi N003eMHbIX 800 Ha yp6aHU3UPOBaHHbLIX MEPPUMOPUSIX.






