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The article solves a strategically important ecological problem of region — the key role of man-made component (intensification
of water withdrawal, extension of water intakes network) in the existing tendency to increase the F- content in the operation of region’s
water intakes was proved. The geological and ecological factors of increased F-content in drinking groundwater of buchak-kaniv
aquifer (BKA) at the water intakes of Eastern Ukraine were considered. It was determined that the predominant factor in the formation
of BKA groundwater chemical composition at the present stage is natural phenomena (dissolution of phosphorite layer in the top
of aquifer), activated by the man-made component (expansion of water intakes network and intensification of water withdrawal on
them) and deep hydrogeomigratory processes (upward migration of unconditioned waters through tectonic faults associated with salt
diapirs; upward and downward diffusion of mineralized pore solutions of waterproofs to BKA waters).

The average geological base content (GBC) of chemical element at the beginning of period of active man-made pressure on
the geological environment was determined. It is inherent in the waters of territories within which there is no influence of studied factors.

It was determined that in the process of active operation of powerful water intakes, the F- content increases. Territories with indicator
content that is critically threatening to the health of population (from 4 to 8 mg/dm?) were identified. These areas are characterized by
the “overlapping” of all the natural and man-made factors investigated in the paper.

According to the correlation analysis results, a direct positive relationship between the change in element content and the volume
of drinking groundwater in the influence zone of tectonic faults associated with salt diapirs was determined. It was during the period
of maximum technogenesis — 1976-1995 — that the chemical composition of waters undergone the greatest changes.

The approach proposed by the author is recommended to be used when developing recommendations on the intensity of operating
conditions of water intakes in Eastern Ukraine to increase the environmental safety of population drinking water supply. Key words:
drinking groundwater, pollution, F-, buchak-kaniv aquifer, ecological safety.

Tinporeoximiuni ocoduBocti 3mMinn BMicTy Fy ximiunomy ckiagi migzeMHuHX Bojx Oy4albKo-KaHIBCHKOIO BOJOHOCHOIO
KOMILJIEKCY 151 MiABUIIEHHS €KOJIOTiYHO0i 0e3neKH NMUTHOr0 BOAONOCTa4aHHA HacesleHHs. Jlesoniok C. M.

VY cTarTi po3B’sA3aHO CTPATETIYHO BaXKJIHMBY CKOJOTIYHY MPOOIEMY PErioHy — JOBEACHO KIFOUOBY POJIb TEXHOTCHHOI CKJIaI0BOT
(iHTeHcHiKaris BonoBinOOpPY, pO3MKpPEHH Mepeski BoT03a00piB) y HasBHIN TeHAEHMIT 10 30inbImeHHs BMicTy F- y mpomeci exciurya-
Tanii Bogo3abopiB perioHy. Po3misiHyTO reooriuHi Ta eKoJIorivHi (hakTopH MiABUIEHOTo BMIicTy F-y IMTHUX MiI3eMHHX Bojax OydJarib-
KO-KaHiBchkoro BogoHocHoro komiuiekcy (BKBK) Ha Boozabopax CxinHoi Ykpainu. BusHaueHo, 1110 MpeBao0dM YHHHIKOM GopMy-
BaHHSA XiMigHOTO cKiaxy miazemHux Bog bKBK Ha cyuacHomy erarti € mpupoHi siBuiia (po3uuHEHHS GOCHOPUTOBOTO MIAPY Y MOKPIBIi
BOZIOHOCHOTO KOMIIEKCY), aKTHBI30BaHI TEXHOT€HHOIO CKIIAI0BOIO (PO3IIMPEHHS Mepexki BoJ03a0opiB Ta iHTeHCH(IKAIlist BONOBIIOOPY
Ha HUX) Ta DIMOMHHUMH TiIporeoMirpauiifHUMH mporecamu (BUCXifHa Mirpaiiss HSKOHJUIIHHUX BOJ Kpi3b TEKTOHIYHI MOPYIICHHS,
OB’5I3aHi 3 COJITHUMM JialipaMu; BUCXiHA Ta HU3XiJHA TUQY3is MiHEpaIi30BaHUX OPOBUX PO3UMHIB BOAOTpUBIB 10 Box BKBK).

BusnaueHo cepenHiii reoyorivHuil (POHOBHH BMICT XIMIYHOTO €JI€MEHTa Ha IT0YATKy Iepiofy aKTHBHOTO TEXHOTEHHOTO HaBaHTa-
JKEHHSI Ha Te0JIoTiuHe cepeioBuILe. BiH nputaMaHHMiA UTst BOJ TEPUTOPIil, Y MeKax SKUX BiJCYTHIl BIUTUB JOCIIDKYBaHHUX (aKTOPIB.

Busnaueno, oo B mporieci akTUBHOI eKCIUTyaTanii HOTYy:KHUX Bomo3abopiB BMicT F- 3poctae. Buaineno teputopii i3 KpUTHYHO
3arpo3JIMBHM JUIS 370POB’Sl HACEJICHHs BMICTOM HOKa3HHKY (Big 4 1o 8 mr/mm?®). JlaHUM IiIsIHKaM [pUTaMaHHE «HAKIAJaHHD» yciX
JOCIIKEHUX Y POOOTI IPUPOJHUX 1 TEXHOTEHHHX (haKTOPIB.

BinnoBigHO 10 pe3ynbTaTiB KOPENSLiifHOTO aHaji3y, BU3HAYSHO MPSIMUH MMO3UTUBHUIN 3B’ 30K 3MiHU BMICTY €JI€MEeHTa Bix 00’ eMy
BOZIOBIIOOPY NMUTHUX MiJA36MHUX BOJ Y 30HI BIUINBY TEKTOHIYHUX ITOPYIICHb, OB’ SI3aHUX i3 CONTHUMH Aiamipamu. Came y mepiof
MaKCHMAaJIbHOTO TeXHOTeHe3y — 1976-1995 pp. — XimMiuHUiA CKITaj BOJ 3a3HAB HAWOUIBIINX 3MiH.

3anponoHOBaHMi aBTOPOM MiJIXiJ PEKOMEHIYETHCS BUKOPUCTATH MIPH PO3POOII pEKOMEH AL 3 IHTEHCHBHOCTI YMOB €KCILTyaTalii
Boz03abopiB CxinHol YkpaiHu uIsd MiABUINEHHS eKOJIOTIYHOI Oe3MeKH MUTHOTO BOIOMOCTAuYaHHs HacelleHHs. Knwouoei cnroea: TUTHI
mig3eMHi Boau, 3a0pyaHeHHs, -, Oy4alipbKko-KaHiBCbKUil BOTOHOCHHMH KOMILJIEKC, EKOJIOTiuHa Oe3neka.

Formulation of the problem and the relevance Current F- content in the BKA groundwater within
of research. Buchak-kaniv aquifer (BKA) is the one the region of research has threatening proportions. In
of strategic sources of drinking groundwater in Eastern accordance with our research, an exceeding of param-
Ukraine. There is about 50 % of the total water supply eter concentrations of permissible WHO drinking water
here is exactly the water from this aquifer. quality standard (1,5 mg/dm?®) can be traced within about
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80 % of research territory. Its average content is more
than 3 mg/dm’, it reaches values of 5 maximum permis-
sible concentrations (MPC) [1].

A presence of stable relationship between the fluoride
intoxication and rising of population level morbidity in
the studied territories has been clinically proven. But the
problem of high F- content in BKA waters is not fully
investigated. Author can expand knowledge about these
processes. This is especially relevant because of neces-
sity of ecological safety increasing of Eastern Ukraine.

Analysis of recent researches and publications.
There are a lot of publications of Ukrainian and for-
eign scientists, that devoted to the study of F- geochem-
ical features in natural waters and causes of element
increased content.

V. G. Suyarko [2] has been considered the hydroge-
ochemical features of F- in Donbass groundwaters. He
has identified the technogenic and natural sources of
its migration into the underground hydrosphere. Some
aspects of element influence on non-infectious popula-
tion diseases within the territory also have been studied.

V. V. Yakovlev [3] has studied the peculiarities of F-
content at some water intakes of Eastern Ukraine. It has
been proven that the source of component in ground-
water is the phosphorite layer, which lies in the reser-
voirs of interlayer aquifers. It is also shown that there is
a relationship between the intensity of water withdrawal
at powerful water intakes and change in the F- content
in water.

E. Ya. Zhovynsky, N. O. Kriuchenko et al [4, 5] have
studied the geochemistry of halogens (including F) in
the groundwaters of Dnipro-Donetsk artesian basin,
especially Poltava region. Geochemical dependencies of
basic indicators of water qualitative composition and F-
content have been traced. The possible sources of com-
ponent migration to the BKA waters have been indicated.

The papers by T. Chernet, D. V. Reddy et al [6, 7-10]
have been dedicated to the local problems of F- increased
content in groundwater. These studies have been con-
ducted in African and Asian countries where these eco-
logical problems are threatening.

As a conclusion, most researchers believe that the
problem of increased F- content in the BKA waters of
Eastern Ukraine has purely natural character. Scientists
distinguish 3 factors. First, it is the lithological com-
position of water-bearing and overlying rocks [3, 4].
Secondly, the geochemical prerequisites for the inten-
sification of solid phase solubility in the natural “solu-
tion-rock” system due to the change in the waters chem-
ical composition under the influence of natural (deep)
factors [3, 4, 6, 7]. Thirdly, additional migration of an
element of purely deep origin is possible [5, 10].

But these papers did not consider such an issue as
the man-made influence on changes in the F- content in
drinking groundwater. This could help to develop meas-
ures to stabilize the component content, which would
increase the ecological safety of population drinking
water supply of this region.

Description of the study. At the first stage, data on
the genesis of component increased content in ground-
water was integrated and the main geoecological factors
affecting these processes were determined.

The author systematized available literature data on
the natural mechanism of F- enrichment of groundwa-
ter, including at water intakes in Eastern Ukraine. The
mechanism consists of 3 factors [1].

1) Lithological composition of water-bearing rocks.
According to the results of drilling wells in the region,
the presence of regional layer of phosphorite nodules
with a gross F- content of up to 1,5% was established in
the upper part of BKA.

2) As a result of active influence of salt-dome tecton-
ics, processes of discharging of deep highly mineralized
groundwater into drinking water of active water exchange
zone are characteristic for this region. Migration zones
are numerous faults within tectonic structures, mainly
associated with salt diapirs. As a result, there is a gradual
change in the chemical composition of BKA waters to
the chloride-sodium type, the salt content increases, rel-
ative content of Ca** and Mg?* decreases. The change in
waters chemical composition creates geochemical pre-
requisites for the intensification of solid phase solubility
of above-mentioned phosphorite layer and an increase
in the F- content in these waters. Schematically, these
chemical reactions look as follows:

a) Cay(PO,),F (fluorine apatite) + Ca/ Mg (high con-
tent) + Na (low content) + ... — CaF" / MgF" (inac-
tive forms of F", precipitation and transition to the solid
state) + ... — low F-content in waters;

b) Ca,(PO,),F (fluorine apatite) + Na (high content)
+ Ca / Mg (low content) + ... — NaF", F- (the most
active forms of I, active migration of element) + ... —
increased F- content in the waters.

3) Additional migration of an element of deep ori-
gin is also possible during the processes described in the
previous point.

To activate these processes, it is necessary to have
a stable inflow of chloride-sodium highly mineralized
groundwater with a low content of Ca?* and Mg*" into
the waters of target aquifer. But these geological pro-
cesses in natural conditions are not typical for the waters
of active water exchange zone within the study area.
The author connects this with modern active processes
of technogenesis of geological environment, namely [1]:

— intensification of groundwater withdrawal;

— changes in the hydrodynamic conditions of opera-
tional aquifer due to an increase in the network of water
intakes;

— the formation of regional depression funnels of
operational aquifers, the overlap of which creates a syn-
ergistic effect.

In order to establish this relationship, the dynamics
of changes in the F- content in the BKA waters during
the period of active man-made pressure on the geolog-
ical environment — 1960-2020 — was been traced. The
average geological base content (GBC) of component
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was determined — about 2 mg/dm’.

The spatio-temporal changes of indicator before the
beginning of period of active technogenesis and now are
studied. In 1960-1975, the content of component corre-
sponded to 2 intervals of values: up to 1 GBC — within
the territories with less active tectonic processes (north-
ern and southern parts of region); from 1 to 2 GBC —
within the area with the active influence of salt-dome
tectonics (central part of territory).

Currently (as of 2005-2020), in addition to the
reduction of areas containing up to 1 GBC, territories
containing more than 2 GBC (up to 4 inclusive) have
appeared, which is critically threatening to population
health (Figure 1). Their area is about 20% of the total.

Based on available clinical studies within the region
[11-13], a connection between these processes and some
serious diseases was established:

1) children’s endemic fluorosis (from 74% to 95%
of children within the territory with a critical F- content
suffer from it);

2) diseases of the thyroid gland (during the period
1990-2005, the number of various diseases of thyroid
gland in the population of this territory increased by 2-9
times);

3) congenital defects (occurring here 1,5 times more
often than background values).

Within the established zone of F- content critical val-
ues, there was an “overlay” of particularly active man-
ifestations of technogenesis (water intake networks of
Poltava city and some less powerful ones) on tectonic

E_content in buchak-kaniv
aquifer groundwater;
till 1 geological base
content (till 2 mg/dm’)
from 1 till 2 geological base
contents (from 2 till 4 mg/dm’)

over 2 geological base
contents (over 4 mg/dm’)

Legend:
Salt diapirs
0 27,00
e — Tectonic faults
Km
Scale 1:900 000

structures associated with salt diapirs of central part
of Dnipro-Donetsk depression. The latter are actively
divided into blocks by faults, which act as migration
paths for the intensive upward flow of deep, highly min-
eralized waters to the operational aquifers.

The dynamics of F- content changes at typical pow-
erful water intakes of region (water intakes of Poltava,
Lubny, Khorol, Karlivka, Krasnograd, Reshetylivka cit-
ies and some others) were also traced. In the process of
active operation of these water intakes, the content of
F-increases. Over the 60-year period, the number of val-
ues corresponding to more than 1 GBC increased from
38% to 63%.

In order to establish and quantify the relationship
between one of the main components of underground
water technogenesis — the water withdrawal indicator —
and the dynamics of F- content changes, these processes
at the Poltava city water intakes, which are strategically
important within the region, were studied in more detail.

On the example of these water intakes, based on the
results of correlation analysis, a linear positive relation-
ship between the F- content change and the amount of
water withdrawal in the influence zone of tectonic faults
associated with the Poltava salt diapir was established
(the distance between water intake objects and faults is
from 0,5 to more than 5 km).

A direct positive relationship between these indica-
tors was established, the following correlation coeffi-
cients were calculated:

— distance to faults 0,5 km = 0,84;

Monraea _

Diagram of population incidence of fluorosis (dark color), %

Fig. 1. Map-scheme of F* content in BKA groundwater within the studied region as of 2005-2020
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— distance to faults 1 km = 0,61;

— distance to faults 2 km = 0,65;

— distance to faults about 4 km = 0,5;

— distance to faults more than 5 km = 0,57.

That is, it has been established that one of the main
conditions for the activation of BKA groundwater
F- enrichment natural mechanism is the presence and
nature of man-made pressure on the drinking ground-
water of territory. At the water intakes of Poltava city,
activation took place during the period of maximum
technogenesis — 1976-1995.

Main conclusions. Strategically important ecolog-
ical problem of region — the key role of technogenic
component (intensification of water withdrawal, exten-
sion of water intakes network) in the current tendency to
increase the F- content in the operation of region’s water
intakes have been considered in the article.

The author has determined the geological base con-
tent (GBC) of element (about 2 mg/dm?) at the beginning
of active man-made period. It is inherent to the waters of
areas, within which there is no influence of investigated
ecological and geological factors of increased F-content.

It has been identified that F- content increases in the
process of active operation of powerful water intakes. It
has been determined that the areas with critical for pop-

ulation health content (from 2 to 4 GBC) have appeared
now. «Overlay» of all the studied in paper natural and
technogenic factors is inherent to these territories.

On the example of Poltava water intakes network, it
has been shown that the explored natural mechanism of
groundwater F-enrichment is activated by an influence of
technogenic component (intensification of underground
water withdrawal, extension of water intakes network,
hydrodynamic changes). During the period of maximum
technogenesis — 1976-1995 — the water chemical com-
position undergone the greatest changes (an increase in
F- content from 81 % to 90 % of the total).

According to the results of correlation analysis, a
direct connection between the changes in F- concentra-
tions and the value of water withdrawal in zone of influ-
ence of tectonic faults associated with salt diapir has
been established (correlation coefficient = 0,84).

Prospects for the use of research results. After
determining the hydrogeochemical features of
changes in the F- content in the groundwater chemi-
cal composition of buchak-kaniv aquifer and the main
causes of these processes, the next step will be the
development of measures to increase the ecological
safety of drinking water supply for the population of
these territories.
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